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1. INTRODUCTION 

1.1Background and Significance 

The OSU Society of Automotive Engineers (SAE) is a nonprofit, student-run 

organization dedicated to enhancing engineering, leadership, communication, and teamwork 

skills of its members.  There are many types of student teams involved in SAE, two of which 

are represented at Oregon State University.  Within OSU SAE, the Baja (off-road vehicle) 

and Formula (street car) teams are each composed of over twenty undergraduate and 

graduate students.  The objective of each of these teams is to design, build, and race effective 

cars that compete at annual events worldwide.   

In the 2010 season, the OSU Formula team collaborated with the German University 

Duale Hochschule Baden-Württemberg-Ravensburg (DHBW-R).  The two universities 

competed as one team: Global Formula Racing (GFR).  The goal was to work together to 

create a single car design that utilized the knowledge and expertise of students from both 

schools.  The collaboratively developed GFR design was used to manufacture two identical 

cars—one at the OSU campus in Corvallis, Oregon, USA, and the other at the DHBW-R 

campus in Friedrichshafen, Baden-Württemberg, Germany.  The global collaboration aspect 

of the project created additional levels of complexity to this already complex project, 

especially with team management.  To build a vehicle worthy of global status at worldwide 

competitions, effective management of over sixty graduate and undergraduate students 

between the two universities was crucial. 

1.2 Research Topic 

This study will focus on management structure of the U.S. portion of the OSU 

Formula, or Global Formula Racing, team.  While SAE is heavily focused on technical 
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mechanical and electrical engineering design, it is generally accepted that it is as much a 

management competition as it is an engineering design competition. At each competition 

there are dynamic events that test the functionality of the car but also static events that test 

the team‟s knowledge of the design and manufacturing process.  A detailed description of the 

Formula SAE series, competition rules, and history of SAE at OSU is provided in Chapter 2.   

Various levels of leadership currently exist in the OSU Formula management team.  

There are two levels of upper management: advisory and technical.  Advisory management is 

responsible for broad design and operation decisions.  An example of upper management 

responsibilities include higher level design decisions such as the type of engine and chassis to 

be used each year.  This group is composed of graduate students with extensive experience 

on OSU Formula teams and competitions.  The technical management is composed of the 

team captains: two undergraduate students with expertise on Formula SAE cars and the 

authority to make decisions regarding the 2010 design.  These technical management 

members oversee daily design and operation decisions.  The final level of management 

consists of subteam captains.  These members are upperclass students that take ownership 

and responsibility for a certain subsystem of the car and act as a liaison between the upper 

management and all other student members working on that subsystem. 

The goal of this research was to identify areas of the management structure that, if 

improved, could potentially increase the overall performance of the SAE teams.  A literature 

review was conducted to analyze current management structures in other organizations.  

These structures were defined and the strengths and weaknesses of each structure were 

assessed.  Interviews of OSU Formula SAE management team members were then conducted 

and used to identify strengths and weaknesses of the existing team structure.  The data were 
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coded based on categories derived from hypotheses created for the study.  The researcher 

hypothesized that the following impacts of project completion were potential areas for 

improvement opportunity: formal communication, informal communication, norms and 

authorities, resource availability, attitudes and perceptions, technical development, and 

processes.  After coded, the data were analyzed and potential management structure 

improvement areas were identified. 
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2. LITERATURE REVIEW 

2.1 Organization Structure 

According to Kerzner (1979), organizations can be classified into three different groups 

depending on the factors that drive group organization.  Traditional and product organizational 

structures are classic constructs, however, Kerzner identified the matrix organization as an 

important third form, especially considering the need for modern organizations to be “dynamic in 

nature.”  Organizations “must be capable of rapid reconstructing should environmental 

conditions dictate” (Kerzner, p. 37).  A review of literature was completed to more carefully 

characterize and define each of these organizational structures and is described next.   

2.1.1 Project-Driven Organization 

 In project-driven structures, everything is centered around the project.  The project or 

program manager is in direct control of all elements needed to conduct each project.  According 

to Morse and Babcock (2007), project-driven structures tend to be highly appealing to “large, 

long-duration projects, especially those that are very complex, involve a number of different 

organizations, and require advancing the state of technology” (p. 346).  Kerzner (1979) argues 

that this system is more effective when project work is continuous.  A continuous flow of 

projects minimizes conflict by maintaining drive and focus.  The project manager has complete 

control over project scope, schedule, and resources and is also responsible for performance 

reviews. 

2.1.2 Functional 

In functional organizations, “projects exist merely to support the product lines or 

functional lines” (Morse and Babcock, 2007, p.346).  The focus in this type of organization is on 

the most profitable products.  Resources are assigned based on profitability.  Divisions of labor 
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are based on functional areas, which are created at the top level of the organization.  Projects still 

exist, and project managers are chosen based on their expertise with the individual topics.  

Project managers, however, generally do not have direct authority over the majority of the team 

when teams are composed of people from different functional groups.  All workers are ultimately 

accountable to a functional manager. 

2.1.3 Matrix 

 Matrix organizations combine project and functional organization structures.  Newman, 

Summer, and Warren (1972) describe the objective of a matrix organization is to “(1) ensure the 

coordinated, focused attention that [unique and complicated] projects require and (2) at the same 

time retain the benefits of specialized expertise and capabilities that only functional departments 

can provide”  (p. 104).  To achieve these objectives, individuals are accountable at both the 

project and functional level in a matrix organization.  A project manager is assigned to each 

individual project and decides the scope and schedule of the project as well as the resources 

needed to complete the project.  Functional managers also play a critical role.  This person 

allocates the time of employees with specialized functional abilities and is responsible for the 

quality of work done by these specialists.   

 In his discussion of general project management, the system Lock (1984) describes a 

matrix organizational form.  The frequent selection process of an engineering project manager is 

described:  “The engineer is doubling two roles, exercising a direct line-supervision authority in 

controlling and guiding his engineering or drawing team, whilst acting in a staff role when 

attempting to influence the other departments which are engaged in his project” (Lock, p. 8).  

This description suggests that even when an overall organization structure is unknown, a matrix 

approach to project management is most likely to occur.  This is due to the necessity of gaining 
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expertise on projects from specialized employees and the desire to maintain a standard 

organizational structure.  

2.2 Organization Structure Strengths and Weaknesses  

 Each of the three project structures described above have specific strengths and 

weaknesses.  In order to analyze these attributes in terms of strength and weaknesses for each 

organizational structure type relevant to the OSU Formula SAE team management structure, a 

table was created.  Each table categorizes the strengths and weaknesses of each of the three 

structures by impactful characteristics of OSU Formula SAE project completion.  See Tables 

2.1-2.3.  These categories were determined based on methods indicated by Miles and Huberman 

(1984) for creating codes for analyzing qualitative data.  Further explanation of codes can be 

found in Chapter 3.   

 

Table 2.1: Strengths & Weaknesses of Project-Driven Organizations 

STRENGTHS WEAKNESSES

Can maintain expertise on a project w/o sharing key 

personnel (2)
Inefficient use of specialists (1)

Tendency to retain personnel on project long after 

needed (2)

Process Good training ground for general management (2)
Lack of career continuity and opportunities for 

personnel (2)

Provide complete line of authority (2)

Participants work directly for project manager (2)

Upper management more time free time for executive 

decision making (2)

Attitudes & Perceptions
participants demonstrate loyalty with better product 

identification (2)

Single point for customer contact (1)

Rapid reaction time possible (1)

Simpler project communication (1)

Strong communication channels (2)

Uncertain technical direction (1)

Poor cross feed of technical information between 

projects (1)

Technology suffers because project focus is lacking (2)

Good schedule (1)

More flexibility in determining tradeoffs (2)

Scope More flexibility in determining tradeoffs (2)

Good cost control (1)

More flexibility in determining tradeoffs (2)

Team Dynamics

PROJECT

Cost

Resources

Norms & Authority

Communication

Technical development

Schedule
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Table 2.2: Strengths and Weaknesses of Functional Organizations 

 

 

Table 2.3: Strengths and Weaknesses of a Matrix Organization 

 

STRENGTHS WEAKNESSES

Efficient use of technical personnel (1) Slower work force

Flexibility in the use of manpower (2)

Career opportunity & growth for technical personnel (1)

Provides continuity in the functional disciplines 

(policies, procedures, etc.) (2)

Good control over personnel (2) Weak project authority (1)

No one person in charge of whole project (2)

Does not provide project-oriented emphasis (2)

Good stability, security, & morale (1) Decisions normally favor strongest functional group (2)

Motivation and innovation decreased (2)

Channels are vertical and well established (2) Weak customer interface (1)

Poor horizontal communication (1)

Additional lead time required to approve decisions (2)

Good technology transfer between projects (1)
Ideas tend to be functionally oriented w/ little regard 

for on-going projects (2)

Better technical control (2)

Schedule Flexibility (1)

Scope

Cost Easier budgeting and cost control (2)

Team Dynamics Good stability, security, & morale (1)

Technical development

FUNCTIONAL

Resources

Process

Norms & Authority

Attitudes & Perceptions

Communication

STRENGTHS WEAKNESSES

Resources
Project manager maintains max project control over 

resources (2)

Process
Policies and procedures set up independently for each 

project (2)

More time initially needed to define policies and 

procedures (2)

Norms & Authority
Functional organization exists primarily as support for 

the project (2)

Often relationship between project and functional 

managers is not clear (1)

Attitudes & Perceptions
Functional managers may be biased according to their 

priorities (2)

Communication Rapid responses possible to changes (2) Matrix response time at company level slow (2)

Technical development
Strong technical base developed because people can be 

shared (2)

Schedule Better balance (2)

Scope Better balance (2)

Cost minimized because key people can be shared (2)
Company-wide it is not as cost effective because of 

redundancy (2)

Better balance (2)

Team Dynamics
Balance of power between functional & project teams 

must be watched (2)

Cost

MATRIX
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Attributes annotated with a (1) were taken from Morse and Babcock (2007).  Attributes 

annotated with a (2) were adopted from Kerzner (1979).  Because matrix organizations are 

theoretically a combination of the strengths of both project and functional organizations, the 

weaknesses associated with matrix organizations reflect more subjective issues related to 

maintaining balance between the individual structures. 

2.3 Society of Automotive Engineers 

 The Society of Automotive Engineers (SAE) is an international organization dedicated to 

enhancing mobility technology across many fields.  The society was created out of a desire to 

have “free exchange of ideas” in order to enhance automobile knowledge amongst automobile 

business leaders. (SAE International Abridged History)  In 1905, SAE was founded by Peter 

Heldt and Horace Swetland, two prominent figures in the automobile magazine industry, with 

Andrew Riker and Henry Ford acting as president and vice president respectively.  Today SAE 

International has over 121,000 members and twelve different collegiate design competitions that 

each attract more than 4500 students from 500 universities on six continents. 

2.3.1 Formula Society of Automotive Engineers 

 The Formula Society of Automotive Engineers (Formula SAE) is one of the collegiate 

design competitions operating under the umbrella of the parent SAE organization.   It was started 

in 1978 to promote student engineering careers by offering an environment to enhance all aspects 

of engineering skills (Formula SAE Website).  The concept of the competition reflects the 

underlying goal to provide students with diverse opportunities in an engineering related project 

(Formula SAE History, 2010): 

The concept behind Formula SAE is that a fictional manufacturing company has 

contracted a design team to develop a small Formula-style race car. The prototype race 

car is to be evaluated for its potential as a production item. The target marketing group 
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for the race car is the non-professional weekend autocross racer. Each student team 

designs, builds and tests a prototype based on a series of rules whose purpose is both to 

ensure onsite event operations and promote clever problem solving. 

This concept enforces the fact that the SAE competitions are not purely based on technical 

engineering talent.  Due to the complex nature of the Formula SAE project, effective 

management plays a crucial role in successful teams. 

2.3.2 Rules & Competitions 

 There are many rules in Formula SAE that govern how the car and teams operate during 

competitions.  These rules vary from restrictions on engine type and fuel to how students behave 

at competition (Formula SAE Website).  The Formula SAE competitions are structured to 

highlight both the performance of team cars as well as knowledge of the student members.  

Within a competition, there are two different types of events: static and dynamic.  A breakdown 

of the different events and their associated competition points can be found in Table 2.4. 

Static Events: 

Presentation   75 

Engineering Design  150 

Cost Analysis   100 

Dynamic Events: 

Acceleration   75 

Skid-Pad   50 

Autocross   150 

Fuel Economy   100 

Endurance   300 

Total Points 1,000 

            Table 2.4: Formula SAE Competition Point Breakdown 

The static events test each team‟s knowledge of the design, cost, and practical business 

feasibility of their vehicle.  There are three static events: design, cost, and presentation.  The 

design event seeks to test technical knowledge of all student members by questioning the 

reasoning behind each car‟s design.  Design event judges ask questions ranging from technical 
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components to broad vehicle dynamic concepts.  The cost event is similar but with respect to 

manufacturability of the vehicle.  Cost event judges evaluate and test students on the actual 

manufacturing processes involved in creating each car as well as their knowledge of best practice 

manufacturing techniques and cost saving methods.  Finally, the presentation event is an 

opportunity for students to create and present a comprehensive business case that convinces the 

executives of a corporation (event judges) that the team‟s design best meets the demands of the 

amateur, weekend competition market and that it can be profitably manufactured and marketed. 

The dynamic events test the physical capability of each team‟s car.  The acceleration 

event evaluates the car‟s acceleration in a straight line on flat pavement over a distance of 75m.  

The objective of the skid-pad event is to measure the car‟s cornering ability on a flat surface 

while making a constant-radius turn.  The objective of the autocross event is to evaluate the car's 

maneuverability and handling qualities on a tight course without the hindrance of competing 

cars. The autocross course will combine the performance features of acceleration, braking, and 

cornering into one event.  The car‟s fuel economy will be measured in conjunction with the 

Endurance Event. The fuel economy shows how well the car has been tuned for the competition. 

This is a compromise event because the fuel economy score and endurance score will be 

calculated from the same heat. No refueling is allowed during an endurance heat.  The 

Endurance Event is designed to evaluate the overall performance of the car and to test the car‟s 

durability and reliability. 

2.3.3 OSU Formula SAE 

 At Oregon State University (OSU), the Society of Automotive Engineers is one of the 

largest student-run organizations on campus.  It is largely comprised of mechanical engineering 

students, but all disciplines are welcome to participate.  The tradition of Formula SAE at OSU 
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started in 1987.  The first car was built during this year but did not compete.  In 1996, OSU 

successfully competed its first Formula vehicle at the Formula SAE West competition in 

California.  Since that year, the team has had a successful history of completing cars each year.   

2.3.4 Management Structure 

 Based on the management system described in Chapter 1, the management structure that 

best describes the current OSU Formula SAE team is matrix.  Team members report both to a 

subsystem captain for individual project work as well as to overall team advisors for general 

team functionality.  Although Formula SAE can be seen as an individual project itself, the OSU 

team was considered an organization with projects defined by each subsystem.  Each year, the 

team builds a new „product‟ that has similar yet evolving features based on previous designs.  To 

determine which areas in the matrix structure present the greatest opportunity for improvement, 

interviews of team members were conducted, and the results of the analysis of the interviews are 

summarized in the next three chapters. 
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3. METHODOLOGY 

3.1 IRB Approval 

Since human participants participated in the interviews, approval from the Oregon State 

University Institutional Review Board (IRB) was required.  Obtaining IRB approval ensures that 

human participants are not harmed as a result of a research project.  The complete IRB 

application is included in Appendix A. 

3.2 Participants 

Student members of the Oregon State University (OSU) Society of Automotive 

Engineers (SAE) were the participants asked to participate in the interviews.  Because the 

study‟s purpose was to analyze management operations, student members with management 

roles were targeted.  In order to determine which students met this condition, an email was sent 

to the OSU SAE faculty advisor (see Appendix B).  The faculty advisor then contacted the 

researcher and a meeting was held with the OSU SAE faculty advisor.  The faculty advisor 

provided a list of students with management roles at various levels of the organization.  This list 

was used to generate an e-mail distribution list.  The faculty advisor then sent out an email 

informing these students about the study and the interviews (see Appendix C).  If interested, the 

students were asked to contact the researcher to participate. 

3.3 Research Instrument 

A qualitative interview protocol was created to use in identifying key areas for 

improvement in OSU SAE management operations (see Appendix E).  The first two pages of the 

interview informed participants about the purpose of the study, the structure of the interview, and 

made it very clear that participation was voluntary.  Participants were asked to sign a form to 

confirm voluntary participation (see Appendix D). 
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The interview structure was based on suggested protocol by John W. Creswell (1994).  

For interviews, Creswell recommends to “ask one or two grand tour questions followed by no 

more than five to seven subquestions” (Creswell, 1994).  Grand tour questions are general 

questions developed to encourage individual thought processes related to the targeted topic to 

emerge.  The subquestions then attempt to solicit more details regarding the grand tour question 

responses.  This research used this method and included three sets of grand tour questions, each 

followed by three or four subquestions. 

Although the study‟s purpose was to identify problem areas in management operations, it 

was also important to identify successful processes in order to develop a starting point from 

which to improve.  To achieve this, the first two grand tour questions of the interview asked the 

participant to recall a time when he or she encountered a problem in the daily operations of the 

team, but the third grand tour question asked the participant to recall a recent success.  In 

addition, a fourth grand tour question asked the participant to recall a time when a change in 

operation was attempted but failed.  This question was important to discover how the 

organization tried to create change in the past. 

The subquestions attempted to uncover more details about the events.  All grand tour 

questions were followed by subquestions asking about the timeline of each event and the effects 

on project scope, cost, team dynamics, and/or schedule.  For the two grand tour questions 

focusing on problematic events, a subquestion was included to determine what was done, if 

anything, to remedy the situation.  The grand tour question that focused on a successful 

experience included a subquestion to determine if the event was repeated.  Finally, the grand tour 

question regarding the failure of an attempted change included additional subquestions to 
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determine exactly why the implementation was unsuccessful and what was done, if anything, to 

remedy the situation. 

3.4 Data Collection Details 

The interview was administered to nine student members of the OSU SAE team.  After 

each interviewee voluntary contacted the researcher to participate in the study, a time was 

scheduled for them to meet with the researcher.  The researcher and interviewee met in locations 

that allowed anonymity to be maintained for the study.  During each interview, the researcher 

wrote answers from each question down by hand on a hard copy of the interview questions.  In 

order to be able to connect each interview to the interviewee if necessary, the name of each 

participant was written on the top of each of their interviews.  After each interview, these 

documents were kept in a locked drawer.  After all interviews were complete, the researcher 

transcribed the written results of the interview into an electronic form that can be found in 

Appendix E.      

3.5 Analysis Details 

 To analyze the data, codes were used that were derived from the project impact 

categories created to analyze strengths and weaknesses of organization structures in Chapter 2.  

See Table 3.1.  A code is “an abbreviation or symbol applied to a segment of words—most often 

a sentence or paragraph of transcribed field notes—in order to classify the words” (Miles and 

Huberman, 1984, p. 56).  Codes are created based on “research questions, hypotheses, key 

concepts, or important themes” (p.56).  For this research, the following codes were created: 
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CODE ABBR. DESCRIPTION 

Formal Communication Channels CF 

Communication through formal means such as scheduled 

meetings and formalized written methods (e.g. letters). 

Informal Communication Channels CI 

Communication through informal means such as unscheduled 

meetings and informal written methods (e.g. email). 

Norms & Authorities NA 

Established practices and authoritative figures that govern daily 

team operations. 

Resource Availability RA 

Resources such as humans, money, equipment, or material used 

to complete the project. 

Attitudes and Perceptions AP 

Subjective ideas and general opinions on how the project is 

completed. 

Technical Development TD Physical progression of project completion. 

Processes P 

Practices by which the project is completed and the organization 

is run. 

 

Table 3.1: Code Abbreviations and Descriptions 

These codes were developed by the researcher to indicate the hypothesized areas in which the 

OSU Formula SAE team could present areas for improvement in management structure.   

The transcribed interview results were printed and analyzed based on the codes.  The 

researcher looked at each question from each interviewee individually.  The general code topic 

for each of the questions was determined first.  For example, if the answer‟s main theme related 

to the car‟s technical development, that question was labeled with a „TD‟.  The remaining 

portions of each question were then labeled based on the code to which the content 

corresponded.  After the codes were determined for all data, each coded piece of data was 

analyzed to determine whether or not it had a positive or negative impact on car completion.  The 

complete set of these coding results can be found in Appendix E.  

 In addition to analysis based on codes, the data was analyzed based on four aspects of 

overall project completion: schedule, scope, cost, and team dynamics.  Each interview question 

had a subquestion pertaining to the potential effect the topic had on the each of the previously 
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mentioned project attributes.  The same general topic for each question was used when assessing 

correlation to these attributes.   
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4. Research Findings 

 The results of coded data were analyzed to determine opportunities for improvement in 

the OSU Formula SAE management structure.  After the data were coded, the code frequencies 

were counted and assessed.  These results were analyzed based on the impacts of project 

completion (codes), overall project attributes (cost, schedule, scope, dynamics), and relatedness 

to strengths and weaknesses of the matrix management structure. 

4.1 Code Results 

The results of the coding process are summarized in Tables 4.1 and 4.2.  Table 4.1 

summarized the number of text segments where a negative relationship between two 

characteristics was identified.  Table 4.2 summarized the number of text segments where a 

positive relationship between two characteristics was identified. 

(-) 

         CF CI NA RA AP TD P 

CF   1 2     1   

CI 3   2   3   2 

NA 2     3 7 2 3 

RA           1   

AP   1           

TD 1 6 7 12 10   4 

P 5   1 3   1   

 

Table 4.1: Coded Data Negative Correlations 
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(+) 

         CF CI NA RA AP TD P 

CF     1 1 1 2 1 

CI 2           1 

NA         1   1 

RA               

AP   2 1       1 

TD 1 2 5 2 2   2 

P               

 

Table 4.2: Coded Data Positive Correlations 

The rows of the tables represent the overall theme of response.  The columns of the tables 

represent responses to each portion of each response as related to the overall topic.  For the 

majority of questions, the response themes related to technical development of the car.  This is 

evident from the larger number of responses in the technical development (TD) row of each 

table.  Table 4.1 represents negative relationships in responses.  If the overall theme of the 

answer was determined to have a negative impact on project completion, and the piece of data 

also had a negative impact on project completion, that piece of data was counted as a negative 

relationship.  If the overall theme of the response was determined to have a positive impact on 

project completion, and the piece of data also had a positive impact on project completion, that 

response was counted as a positive relationship.  Finally, if the overall theme of the response had 

a negative impact on project completion, but the response had a positive impact on project 

completion, that piece of data was counted as a positive relationship.  This final type of 

relationship (negative overall impact but positive individual impact) was used to identify 

opportunities for individual actions and people to overcome obstacles in project completion.  
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4.1.1 Evaluation of Negative Correlations 

From Tables 4.1 and 4.2, it can be seen that there are several combinations of codes that 

occur at a much larger frequency than others.  In the negative relationship table, combinations 

with larger frequencies were the areas with the biggest opportunities for improvement.  The most 

commonly occurring relationships were within technical development.  The largest numbers of 

negative relationships occurred with (1) resource availability, (2) attitudes and perceptions, (3) 

norms and authority, and (4) informal communication.  Examples of these relationships are 

summarized in Table 4.3. 

Correlation Example from Interview Results 

TD-RA 

"The interviewee was told by a member of 

management that a certain part should be completed a 

certain way.  A different member of management said 

that the parts should be completed the way they had 

been in the past first and then completed the new way 

after the old way was done.  Time constrictions made 

it impossible to complete the part BOTH ways, so the 

part was completed the old way." 

TD-NA 

  

  

  

  

  

  

TD-AP 

"One of the team leaders wanted a certain part made. 

The team leader asked the interviewee to complete 

tasks to incorporate the part but a different team leader 

didn‟t want him to do that because it wouldn‟t be a 

good use of time.  They all argued for an hour and 

then went back to the car to figure out that they didn‟t 

need the part anyways." 

TD-CI 

  

  

  

  

  

 

Table 4.3: Technical Development Correlations 

  Both of the examples provided in Table 4.3 demonstrated a general trend of upper 

management to openly disagree on methods in which team members should complete tasks.  In 

terms of management structure, this trend is common for matrix management structures when 

roles of functional and project managers are unclear.  Based on the management structure 
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strengths and weaknesses discussed in Chapter 2, technical development was not a major weak 

area for matrix management structures because matrix organizations are generally able to share 

key technical personnel and critical resources between projects.  This indicated that the four 

categories of resources availability, norms/authorities, attitudes/perceptions, and informal 

communication were interfering with effective project completion. 

 The next most frequent negative relationships were found to occur between 

norms/authorities and attitudes/perceptions, and processes and formal communication.  Table 4.4 

provides examples from the interviews of these relationships. 

Correlation Example from Interview Results 

NA-AP 
“Old ways of operating seem to be the hard set ways.  

This is the only way we do it, and we don‟t need to 

waste time figuring out a different way to do it.” 

  

  

P-CF 

"Training of new team members, especially new 

seniors for design projects is inadequate.  The goal 

was to get new members familiar with the car and 

other members through weekly Monday meetings and 

car info sessions.  Not all new members were caught 

up to speed in time." 

  

  

  

  

  

 

Table 4.4: Norms/Authorities and Processes Correlations 

Norms and authorities as related to the roles of functional managers are a strength of matrix 

organizations.  Functional managers exist to support the project work.  The weakness of norms 

and authorities in matrix structures occurs when the relationship between project and functional 

managers is unclear as alluded to in the technical development discussion.  Again, there is 

potential that attitudes and perceptions were interfering with effective project completion.  In the 

category of processes, the strength for matrix structures involves the ability to set up policies and 
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procedures independently for each project.  Formal communication methods were potentially 

impeding effective process execution in positive progress toward project completion. 

4.1.2 Evaluation of Positive Correlations  

Although there were many opportunities for improvement within technical development, 

especially corresponding to norms and authorities, there were also several positive examples the 

relationship between these two categories.  A good example from an interview occurred in the 

technical development of a certain subassembly:  

“The interviewee came up with rough idea [based on research done on existing designs] 

and talked with a team leader to figure out if it was mechanically feasible. By working 

with the team leader, it saved a lot of time for testing.  It has proven to be more reliable 

than they could have hoped for.” 

Examples such as these suggested that working effectively with team leaders to more efficiently 

complete project tasks was a common occurrence despite evidence that this was also an 

opportunity for improvement.  

4.2 Overall Project Attributes Analysis 

 In order to assess how each of the negatively relationships affected the overall project 

attributes of schedule, scope, cost, and team dynamics, an additional numerical analysis was 

completed.  In each interview question, there was a subquestion asking about the effect of each 

scenario on project schedule, scope, cost, and team dynamics.  The frequency at which each of 

these attributes occurred within answers is summarized in Table 4.5. 
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  Schedule Cost Scope 

Team 

Dynamics 

CF 1   1   

CI       2 

NA 4   3 4 

RA 3     2 

AP         

TD 6 2   7 

P 3 1 2 1 

TOTAL 17 3 6 16 

 

Table 4.5: Frequency of Overall Project Attributes 

It is evident from Table 4.5 that schedule and team dynamics were the most frequently affected 

project attributes.  When looking at Table 4.5, it can be seen that all three most frequently 

occurring codes (technical development, norms/authorities, and processes) are strongly 

associated with changes in schedule and team dynamics.    
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5. Recommendations and Conclusion 

After analyzing the coded interview results, there were several clear opportunities for 

improvement within the current OSU Formula SAE management structure.  On a large scale, 

project schedule and team dynamics were the two biggest improvement opportunities, and these 

areas were most negatively affected by technical development, norms and authorities, and 

processes. 

5.1 Opportunity for Improvement: Technical Development 

According to literature review of matrix structure strengths and weaknesses, technical 

development is a strength of matrix organizations, because technical resources can be more 

easily shared between projects.  Based on observation of the SAE organization, this was true.  

There were many excellent technical resources within upper and middle level management.  It 

was then necessary to identify why this area also provided multiple opportunities for 

improvement.   

In order improve technical development, there are several key aspects on which to focus.  

These are resource allocation, norms and authorities, attitudes and perceptions, and informal 

communication.  After analyzing these aspects and the strengths and weaknesses of a matrix 

management structure, there are several ways in which technical development can be improved.  

Resource allocation is theoretically a strength of matrix structures because project managers can 

maintain the maximum project control over resources.  Based on the interview results, it is 

apparent that conflict exists between functional (steering committee) and project (captains) 

management.  This trend also ties into the weaknesses of matrix structures in terms of 

norms/authorities where the relationship between functional and project managers is unclear, and 

attitudes/perceptions where functional managers may be biased according to their priorities.  
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These observations suggest that unclear roles and authorities of project and functional managers 

may negatively impact team performance. 

5.2 Opportunity for Improvement: Processes and Norms/Authorities 

Processes and norms/authorities are two additional attributes of team structure that have 

potential for improvement.  These areas are difficult to define in terms of management structure.  

Based on the analysis, formal team communication had a negative impact on how processes were 

being effectively used to complete the project.  The weakness of processes in matrix 

organizations indicates that the same formal communication methods are not always effective for 

all project teams.  This suggests that an opportunity for improvement of the SAE team is the 

organization of how individual project teams complete tasks.  It is possible that project teams can 

be organized differently in order to create more effective formal communication channels for 

individual teams.  

For norms/authorities, the biggest strength in achieving project completion for a matrix 

organization is the fact that functional managers exist primarily as project support.  Again, this 

ties back into the issue of norms/authorities causing difficulties in the technical development area 

of project completion.  After observation of the SAE team and interviews with the team 

members, it was evident that functional managers did not exist primarily as project support but 

were in fact crucial resources for physical car development.  This implies that an opportunity 

within norms/authorities and technical development is improving the definition and expectations 

of the roles of authority figures.   

 

 



28 
 

5.3 Conclusion  

The OSU Formula SAE is operating under a matrix management structure.  Completion 

of the car was successful for the 2010 season, as evidence by a first place finish at the SAE 

Midwest competition in Detroit, Michigan in May of 2010.  However, there are several key 

opportunities for improvement within the management structure that if addressed could lead to 

even more effective and efficient completion of the car with far less impact on schedule and team 

dynamics.  While the existing structure may be sufficient for the short term, the extended success 

of the team may be limited unless the issues resulting from technical development, norms and 

authorities, and team processes are addressed. 
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APPENDIX B: Advisor Recruitment 
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APPENDIX C: Student Recruitment 
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APPENDIX D: Interview Consent 
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APPENDIX E: Interview Results 
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