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Abstract – As every professional engineer knows, the 

skills required to succeed in the workforce are quite 

different than those they learn in academia. In 

academia, the primary focus is an individualistic pursuit 

of learning, and the academic infrastructure emphasizes 

this point. In industry, the primary focus is an enterprise 

executing to an overall mission. Thus, it is very 

important for the team to work cohesively, with 

understanding of roles, and managing internal and 

external relationships.    With this dichotomy, industry 

has resoundingly indicated that they would like students 

with “soft-skills,” but the broader meaning is the need to 

find employees who can function well in an enterprise.  

 

Academia is ill-positioned to offer such a capability due 

to three reasons.  First, due to its relative isolation, 

academics do not know what it takes to operate in the 

enterprise environment. Second, when they try to do so, 

they lack credibility. Finally, communicating the context 

of an enterprise requires interactive role-playing which 

cannot be easily done in a traditional lecture format. 

This paper describes the GANDALF project which uses 

the combination of internet technology with consortiums 

from industry to build a pedological vehicle for on-

boarding students and young employees to the world of 

work. 

 

Index Terms – STEM, Career Planning, Jobs  

MOTIVATION 

As mentioned in the TEDx Ocala talk “Sir Ken 

Robinson was right about the symptom, now let’s talk”, one 

of the consequences of the current method education 

delivery is that students are physically isolated from the 

“real” world [1] for most of their educational career. If they 

are lucky, they gain an internship which gives them their 

first glimpse of the work environment, and cooperative 

programs from universities such Northeastern provide a 

large amount of utility in accelerating the learning process. 

However, how well prepared are they for succeeding at their 

job? 

 

 In a typical interaction to gain a job, they likely 

worked with a staffing person to gain the interview, 

engineering manager to gain the offer, a human resource 

professional to close on the offer, a facilities person for 

onboarding on the physical premises, and information 

technology person for on-boarding online.   Most 

employees, without any notion of roles and responsibilities 

(certainly not from academia), “fumble” their way through 

this process.  This is the start of two to three-year process of 

“fumbling” through the enterprise until one has a grasp of 

the way the enterprise operates. This period is waste for the 

employee and for the enterprise. Further, for an engineer, 

handling the unique transactions with important players in 

the enterprise such as sales, marketing, and executive 

management are often more career determining than their 

knowledge of engineering [2].  Yet, this information and its 

context is not taught anywhere in a systematic manner.  

GANDALF aims to change this situation. 

RELATED WORKS 

When confronted with need for “soft” skills, academia 

has reacted with three types of responses.  These are: 

1. Personal Growth (“soft skills” and “leadership”) 

2. Project Based Learning (Capstone) 

3. Academic Business Classes 

 

The direct response to the demand for “soft” skills are 

classes on personal growth. It is not unusual to use self-

assessment such as Myers-Briggs [3] as a starting point and 

build a process of understanding/team building.  The 

“leadership” classes have a similar flavor meant to enable 

skills such as building trust, alignment, and team building. 

While personal growth is always a noble purpose, it is most 

effective when internally driven. Overall, the effectiveness 

of these sorts of classes is not proven [4].  In industry, 

individualized coaching has been used effectively to reach 

these goals.  

 

Project Based Learning, especially in the context of 

Capstone [5] projects has been a staple of engineering 

education. In this process, a group of interdisciplinary 

engineers come together to build something interesting, and 

sometimes this is connected to an industry partner. The 

benefits in team-work, scheduling, planning, and execution 

have been well demonstrated [6]. However, since it is a 

teaching exercise, the process has its limitations, and is 

entirely R&D focused. 

 

Academic business (MBA, mini-MBA, minor in 

business) studies are often a response when one asks the 



question of how to train engineers to operate in the 

enterprise. Academic business studies provide great insights 

into the nature of business functions, but they do not 

actually address the specific challenges faced uniquely by 

engineers in the enterprise. Overall, all of these “solutions” 

provide some utility, but none prepares engineers explicitly 

for the workforce. 

GANDALF PLATFORM ARCHITECTURE 

This paper proposes the GANDALF platform 

which offers a solution to the onboarding problem. The 

platform is setup to enable a traditional semester long class 

with a teaching paradigm using the law school Socratic 

method [7].   The course will be taught at a university level 

to students about to enter industry or at enterprises in the 

first few years of their careers. The course will be delivered 

remotely online and in all cases with small class sizes 

(under 15 students).   

 

Further, there will be two flavors of this course.  

The first version is generic in nature with a generic 

enterprise in mind. In the second version, corporate training 

departments in large enterprises can take the core 

infrastructure of the course and build one specific for their 

enterprise.   The overall structure of the GANDALF 

Platform consists of two foundational pieces: 

 

1. SAMWISE Map: GANDALF uses the SAMWISE Map 

platform [8] as a basic tool to provide contextualization 

for the students in all of the case studies. 

2. GANDALF CLASSROOM:  With the foundation tool 

of SAMWISE Map, a very well thought out case-based 

classroom experience is defined. 

 

These two pieces are combined into an overall curriculum 

and associated assessment regime with learning goals.  

SAMWISE Map 

The architecture of the class starts with the 

SAMWISE Map visualization vehicle [8]. SAMWISE is a 

product provided for early career discovery. SAMWISE 

Map provides engineers a contextual map of the places 

where they can work in various enterprises, and a context of 

where enterprises sit in the overall economy. After all, a 

computer scientist working in the IT function of a bank 

works in a very different context as compared to one 

working at a high-technology startup.  The end-points of 

SAMWISE Map are the traditional vertical functions, and 

below that specific jobs. The underlying information for this 

map is found from the Bureau of Economic Analysis (BEA) 

[9] which follows the US Economy. Figure 1 shows the 

entry point to this visualization.  

 

Like Google Earth, the visualization allows students to 

traverse sectors and go into an additional layer of detail. The 

intended flow consists of the following steps: 

 

1. Sector View: Explain Sector, GDP, GDP Growth, 

secular drivers, and growth. Finally, the edge point 

of the sector view are example companies. 

2. Enterprise View:  The enterprise view takes 

example companies and pulls up a representative 

organizational structure such as shown in figure 2. 

Traversal through the enterprise leads to job 

categories and then to particular jobs. 

3. Job View: The job view is the end-node of the 

SAMWISE Map function. The job view correlates 

with the LinkedIn or Monster Job taxonomy 

structure.  

 

 

 
Figure 1:  Economic Globe View 

   

 
 

Figure 2: Representative Enterprise View 

 

In the context of the GANDALF platform, 

SAMWISE Map is the main tool which will be used in 

homework sessions for students to gain a contextual 

understanding of the companies which will be discussed in 

the classroom case work. 



GANDALF CLASSROOM 

The GANDALF classroom is modeled on a law school 

Socratic style. The key aspects of the engagement are: 

 

1. Mini-Cases 

2. Seasoned Professional  

3. Baselining Process 

4. Assessment 

 

Mini-Cases: Before the classroom experience, the 

students are given the homework of a set of mini-cases for 

the topic at hand. They are called mini-cases because they 

are not as elaborate as Harvard Business School company 

cases or appellate  arguments in the context of a law school 

case. Rather, they are smaller vignettes which roll through 

most engineer’s careers. The cases consist of realistic 

situations where the engineer will intersect with a specific 

part of the enterprise in the context of a specific company. 

Students will be expected to use the SAMWISE Map 

functionality to gain a contextual understanding of the 

company and their engineering function within the 

company.  

 

 
 

     Figure 3:  Conferenced Classroom 

 

Seasoned Professional (SP):  The class is led by a 

seasoned professional in the field. Examples include VP 

Human Resources, Chief Legal Officer, and VP Sales.  The 

key characteristics of these individuals is that they have a 

deep understand of their field and how it relates to R&D. 

They are able to provide color and depth in the discussion of 

the mini-cases often from direct experience.  

 

Baselining Process:  The SP baselines the class relative 

to the overall characteristics of the function they are to 

cover. Specifically, they cover the value provided to the 

enterprise for their function and the typical touch points 

with R&D.  After the baselining process, they walk the class 

through the mini-cases through a law-school question and 

answer discussion. 

 

Assessment:  There is some traditional static testing 

methods (multiple choice) which test for basic 

understanding of the function.  However, since so much of 

the learning occurs live and is dynamic, a large part of the 

assessment is class participation and engagement.   From a 

technology point-of-view, the classroom will be run much 

like online law schools such as St Francis [10] and more 

importantly, a realistic environment in industry. 

 

 ILLUSTRATIVE EXAMPLE 

Let us consider an illustrative example with the 

function of engineering management. In this situation, the 

mini-cases might range from an engineering manager in a 

fast-growth software company such as Google, an IT 

manager at a Bank of America, and a R&D manager of a 

power plant at Southern Company. 

The students would use SAMWISE Map to gain a 

very high-level understanding of each of these companies 

and the function. A senior professional who has worked at 

least one of these types of companies would lead the 

session.  The SP would go through an introduction session 

describing the constant tradeoffs R&D managers make 

between innovation, schedule, and cost.   

 

After the introduction of the function, some basic 

situations would be presented.  Examples might include: 

 

1. Marketing is saying the schedule needs to be faster, 

what are the tradeoffs in the context of each of these 

situations? 

2. CEO wants to use resources off-shore.  What might be 

the tradeoffs in each of these situations? 

3. A competitor has gotten a compelling product into the 

market before your company. How might you think 

about innovation and risk in this situation? 

 

For each of these companies, the tradeoffs would likely 

be different, and the key lesson is to communicate the high-

level thinking process for the R&D manager.  In the 

process, it would be important to understand the stress 

points for the R&D manager, and all of this should be 

communicated with real-world stories which provide 

insight. 

 

GANDALF CURRICLUM 

 

Table I shows a high-level view of the course 

curriculum. The first two modules focus on high level 

contextual information as well as an introduction to the 

SAMWISE Map. These can be taught by academics or 

industry and are meant to provide the tools needed for the 

remainder of the class. Each of the modules from three to 

fourteen must be taught by senior professionals (non-

academics) in the field, and finally, module 15 provides 

some perspectives on the ongoing training which will be 

required by all engineers in the context of an overall career. 



This can be handled by an academic, but an industry 

professional is preferred. 

 

Each module takes the perspective of the engineer 

and how they intersect with the function under 

consideration. Beyond Engineering management, the 

Finance module would consist of explaining the general role 

of Finance (Corporate, FP&A, Treasury, etc.) and explain 

the likely intersection points with an engineer. These 

include inputs for planning, M&A, vendor payment 

management, visibility into the local P&L function as 

examples.    

 

Mod Topic Focus 

1 Introduction Career Lifecycle, Map 

2 Context Engineering and Enterprise 

3 HR Staffing, regulatory, leadership 

4 Eng Mgmt Cost, Innovation, and Schedule 

5 Legal Corporate, IP, HR 

6 Regulatory Safety, Sanctions, Export 

Control 

7 Sales Types, Compensation 

8 Finance FP&A, Treasury, AP 

9 Marketing Brand, Product, Channel 

10 Exec Mgmt Feasibility, Strategy, Fiduciary 

11 Customers Schedule, Commitment, Process 

12 Vendors Obsolescence, Selection, 

Relationship 

13 International Culture, Commitment, 

Language  

14 Culture/Decision Corporate, Startup, Government 

15 Relevance  Training, Skills, Markets  

TABLE I 

 

Some further examples of discussion points include: 

 

Executive Management:   The context is that the CEO met a 

vendor and vendor claims to be able to offer parts for your 

product at a deep discount. Should we use this vendor? 

1. What should be the immediate response? 

2. What process should be used to evaluate? 

3. How should expectations be set with CEO? 

 

Sales:   The context is that the Salesman says that a 

customer is ready to sign a large contract if only we can add 

the following feature. 

 

1. What clarifying questions should be asked? 

2. Who else needs to be involved in making the 

decision? 

3. How should expectations of future schedules be 

communicated? 

 

Legal:  Regulator has contacted legal and asked, “Are your 

products Conflict Free?” 

1. Do you know what “Conflict Free” is? 

2. How do you engage with the legal team? 

3. How do you engage with vendors? 

 

Each function has unique and thoughtful engagement 

with engineering and the objective in the lessons is to 

provide a deep sense of these interactions and also potential 

conflict points. Of course, the answers are very context 

dependent and this is exactly way a thoughtful discussion is 

much more useful than a lecture. Finally, handling these 

situations correctly is career-changing for most engineers. 

 

INTENDED CONSEQUENCES OF GANDALF 

 

 Through this process of law-school style case 

engagement, GANDALF would like to enhance an engineer 

understanding in several dimensions. 

 

1. Context:  Perhaps the most important lesson is to 

provide context for the engineer. The first context on 

where their company sits in the overall economy. The 

implications of that vertical market in terms of items 

such as culture and regulation. The second context is 

the place of the engineer in the enterprise.  

2. Relationships:  Relationships within engineering are 

important, but perhaps even more important are 

relationships out of the R&D.  Managing, fostering, and 

enhancing these relationships eventually become the 

key to success for most engineers. They also facilitate 

career movement to roles such as product management, 

executive management, and even sales. 

3. Prioritization: At any point-in-time, the urgent always 

fights the important.  Learning how to manage the two 

is a lifelong task which most professionals have to 

manage. 

4. Career Trajectory: Most careers are random walks! 

That is, one does a job, looks at neighboring jobs and 

based on opportunity, strengths, and weaknesses, one 

can make a move.  This is a reality in nearly every 

professionals career which is not communicated to 

students.  

5. Soft skills:  As [11] discussed, you are your habits. A 

great deal of managing a career has to do with building 

key habits which drive health, urgency, managing 

short-term/long-term, and maintaining independent 

judgement.  

GANDALF PLATFORM DEVELOPMENT 

The technical implementation of the GANDALF 

platform consists of a core cloud-based infrastructure which 

contains the SAMWISE Map and GANDALF course 

implementation. The underlying cloud-based infrastructure   

consists of the typical stack found in nearly all cloud-based 

application. Our plans are to use AWS and associated 

applications as the backbone of this environment.   

 

SAMWISE Map is a visualization of BEA 

economics data, a relatively stable structure around 



organizational hierarchy, and finally a taxonomy of job 

titles.   The technical architecture consists of: 

 

1. Visualization Framework:  A visualization framework 

with associated navigation and search functionality. 

2. Data Updates:  A process of updating data from the 

primary sources at a quarterly level. 

3. Type Editors:  An external capability to update 

fundamental type definitions around sectors, jobs, or 

organizational titles  

4. Business Processes:  The critical business processes for 

SAMWISE Map are the tracking of the primary 

databases. 

   

The core materials are contained in the FRODO 

[12] open-source repository and can be loaded from there to 

a traditional LMS [13] systems.  The course can be operated 

live as well as in a repository with a playback mode.  The 

live version uses WebEx as the primary discussion platform 

very similar to online law schools such as St Francis [14].  

The recordings are recorded and submitted automatically to 

the spine of the table of contents in the FRODO open-source 

platform. 

GANDALF CLASSROOM 

From a delivery point-of-view, the key asset for 

GANDALF Classroom are the consortium of senior 

industry professionals. Fortunately, most industry 

professionals with deep experience of these matters are very 

willing to contribute back to the younger generation and are 

often looking for meaningful methods for this interaction. 

The relative overhead for them is relatively minor with 

typically one week of engagement on their topic.  The on-

boarding for the SP consists of teaching sessions on the use 

of the law-school Socratic method, and some practice 

classes.  Through the use of LinkedIn Groups connected 

with NextGenEdu, we expect to have a large baseline of 

professionals available for these sessions.   As mentioned 

earlier, we expect corporate training departments to use this 

methodology to building company specific solutions. 

CONCLUSIONS 

 Industry desires engineers who can become 

immediately productive in the enterprises and this desire 

creates the refrain for “soft skills.”  However, the types of 

soft skills required to be successful cannot be easily taught 

in academia.  Rather, they require an intersection with the 

teaching methods from academia with the real-world 

experience from industry.  In addition, all of this must be 

done within the context of the economics and vertical 

markets. Without this context, the lessons become less 

relevant.   The GANDALF platform provides a method for 

industry veterans to engage fruitfully with employees very 

early in their career to make them more productive. These 

lessons, which are learned today in a haphazard manner, are 

actually one of the keys to the success of engineers in their 

careers. Finally, for universities with a strong relationship 

with their alumni, this structure provides a meaningful way 

build a deeper relationship back to the university. 
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