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The main objective of my sabbatical was to complete my dissertation proposal for my doctoral studies in 

Industrial Engineering at Western Michigan University, which focusses on the use of Intellectual Capital 

to make investment decisions at institutions of Higher Education.  Considering Higher Education 

Institutions (HEI) have been significantly affected by three recent changes, the shift in capital funding 

from the state to the institution, the global transformation to a knowledge based economy, and 

increased competition for funding, my research studied how public universities and colleges prioritize 

project investments given these major changes in funding.  Project prioritization is important because 

HEI allocate most of their discretionary resources to projects which in turn generate Intellectual Capital 

(IC). In addition I planned to have two spinoffs from my interdisciplinary research, namely:  

• to develop classroom activities that can be used in mathematics classes to enhance students’ 

knowledge of mathematics used in other subjects.  

• to develop a workshop for faculty and staff that would foster management styles at our 

institution that focuses on knowledge management and the production of Intellectual Capital. 

The opportunity to have a sabbatical to conduct research for my Doctoral program at Western Michigan 

University was a highly valued opportunity that truly gave me the time to focus; in turn I was able to be 

truly effective at knowledge creation and synthesis.   

Attached to this report is my dissertation proposal abstract. As planned I was able to complete my 

proposal.   During the fall semester of 2012, I was able to review literature in portfolio theory, 

intellectual capital, project prioritization, data envelopment analysis, analytical hierarchy process, higher 

education resource allocation and risk management.  Through the literature review I was able to 

develop a methodology to allocate resources to projects at institutions of higher education.  For my 

research I defined investment project as an allocation of funds to:  

• purchase fixed assets, such as land, machinery, infrastructure or buildings.  

• invest in procedures to improve the efficiency and performance of the institution 

• invest into academic and support programs such as recruitment, tutorial, research, degree 

and certificate programs 

• invest into faculty and students in the form of development, hiring, scholarships, etc 

• Startups 

 

There are numerous types of investment projects that fall into the above groups such as: new projects 

or activities; expansion of existing programs or activities; replacement project necessary to continue 

operations as usual; and replacement project necessary to reduce business costs or improve efficiency 

The model developed during my sabbatical uses the philosophy of the efficient production of intellectual 

capital to prioritize projects.  It combines several methodologies developing a new measure to prioritize 



project investment alternatives while accounting for the inherent risks in the expected rewards of each 

investment alternative. During my sabbatical I was able to develop a conceptual framework for 

investment project selection using Intellectual capital reward-risk tradeoffs;  use IC to prioritize projects 

in higher education using an AHP/DEA hybrid model; and present an intellectual capital reward-risk 

model to rank higher education investment projects. 

By supporting my doctoral education with this sabbatical, GRCC has better prepared me to provide  

students learning opportunities to explore interdisciplinary applications of mathematics.  I have 

attached a couple examples of classroom activities. In addition, GRCC has also supported the 

development of my ability to lead in project development and resource allocation that produce 

intellectual capital.  I have also attached an outline for an Intellectual Capital Management Workshop. 
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Decision makers are tasked with selecting investments that 

create value for their organizations. In the for-profit arena 

these selection are based mostly on financial returns and 

associated financial risks. However, non-profit institutions, 

such as institutes of higher education, are tasked to create 

value that is not easily quantifiable.  The proposed research 

will contribute to two bodies of literature namely intellectual 

capital risk management and AHP/DEA hybrid methodology. It 

focusses on the need for institutions of higher education to 

allocate resources and prioritize investment options to maximize 

intellectual capital. Furthermore it presents a model that 

quantifies the qualitative intellectual capital value produced 

by investments using an AHP/DEA hybrid model. This model 

develops a new ranking measure while capturing the inherent risk 

of the investment as systematic and unsystematic risk.    

In addition to the rank weighted mean efficiency measure 

described in the working paper, this work plans to develop the 

deterministic scaling model into a stochastic model using 

interval AHP, to describe unsystematic risk.  The model in the 

working paper develops systematic risk by modeling variability 

in institutional priorities. 

 



Intellectual Capital Management Workshop Outline 

I. What is Intellectual Capital (IC)? 

IC commonly defined as the essential elements to value creation, is the economic value 

generated from three categories of capital: human, organizational, and relational. 

II. Organizational Value Graph 

1) Traditional Capital 

a) Physical  

i) Buildings and Facilities 

ii) IT 

b) Monetary 

2) Intellectual Capital 

a) Human  

i) Administration 

ii) Faculty 

iii) Staff 

iv) Students 

b) Organizational 

i) Intellectual Property 

ii) Processes 

iii) Culture 

iv) Trust 

v) Policies 

c) Relational 

i) Reputation 

ii) Donors 

iii) Community 

iv) Industry 



III. Human Capital 

i. Knowledge, skills and expertise of individuals that can be transformed into resources 

for the college that cannot be transformed into coded knowledge and leaves with 

individuals when they leave 

ii. The colleges combined human capability to solve problems 

iii. Consists of quality, employee loyalty and attitude, ability to execute strategy and 

personnel reputation 

iv. Possible IC measures at GRCC 

IV. Organizational Capital 

i. Knowledge, skills and expertise of individuals that has been internalized into 

resources for the college, that can be transformed to others 

ii. Intangible assets internal to the college 

iii. The colleges learning process and beliefs 

iv. Consist of procedures, policies, management, and culture 

v. Possible IC measures at GRCC 

V. Relational Capital 

i. Outside connections to the college 

ii. Depends on trust 

iii. Loyalty 

iv. Flexibility to respond to changes in educational environments and demands 

v. Possible IC measures at GRCC 

VI. Trust and Productivity 

Trust structures the creation of competitive advantage and productivity in an 

organization, shaping relational and organizational capital 

VII. Organizational Culture, Identity and Productivity 

Culture and identity constructs positive/negative competiveness, self-developing, 

and productivity norms 



VIII. The HEI Mission  

It is necessary for HEIs to explicitly use their values when selecting activities and procedures, so 

that the institution creates value.  GRCC values leadership, responsible citizenship, academic 

values, and knowledge. 

IX. IC Production at GRCC 

i. Within these IC categories there exist intellectual resources and intellectual activities.  

The resources can be both inputs such as faculty and outputs such as graduates.   

ii. The activities are the allocation of resources to maximize resources, that is, any activity 

or investment to increase core competencies namely: knowledge creation, knowledge 

transmission and the application of knowledge to social welfare and industry, public 

service   

iii. Assets are defined as a means of transforming data or material into something valuable. 

 

X. How to develop and select projects, procedures and activities that produce intellectual 

capital. 

  



An activity from Modern Portfolio Theory 

Standard deviation is an essential them in Statistics, and also appears in Finite Mathematics and Math 

for Liberal Arts.  Modern portfolio theory uses this measure as a means to describe risk.  That is, it use 

the standard deviation of returns to illustrate the volatility of a given investment. This activity use 

current stock market values to study standard deviation. 

Correlation and regression is a theme in Statistics and Intermediate Algebra.  In both course we are 

concerned with co-movement.  This activity use current stock market values to study co-movement.  

Attached are annual stock returns from 1926 to 2007, of several asset classes, namely:  

Large Company Stocks, Small Company Stocks, Long Term Corporate Bonds, Long Term Government 

Bonds, Short Term Government Bonds, and US Treasuries. 

Compute the arithmetic and geometric average, standard deviation, and the coefficient of variation for 

each asset class.  Describe the relationships between the risk (standard deviation) and mean return.  

What does the coefficient of variation tell us? 

 

Construct a correlation matrix of the asset classes.  What does the correlations tells us about the co-

movement of the asset classes, which appear to move together, do any move in opposite directions.   

After completing your correlation analysis, why do experts suggest diversifying across asset classes?   

 

 

  



An activity from decision science and AHP 

Decision Making is a skill required in all of our courses, however, in Mathematics for Liberal Arts 

students pay special attention to decision making. This activity uses Analytical Hierarchy Process (AHP) 

to make decisions.   In addition, AHP is defined by an eigenvector solution making it a great exercise in 

our Linear Algebra course. 

AHP was developed by Saaty (1980) to structure complex multi criteria decision making, and 

has been extensively studied since its creation.  It has been applied to several different fields 

including: activity planning, alternative choosing, optimization, resource allocation, facility 

layout, and conflict management (Lin, Lee, Ho 2011) 

This tool organizes the decision problem as a hierarchical structure. Once the hierarchy is 

constructed the decision maker systematically evaluates the alternatives two at a time across 

the criteria. These comparisons compose a pair-wise comparison matrix A = {aij}. In order to find 

the weight of each element, or the score of each alternative, the priority vector ω = {ω�} (or 

eigenvector) of this comparison matrix is calculated based on solving the equation: 

Aω = λmaxω  

λmax≥ n 

∑ ω�
�
��� 	=1 

 

It indicates that the eigenvector corresponding to the largest eigenvalue(λmax) of the pair-wise 

comparisons matrix reflects the relative importance of the decision elements, that is, the 

weights obtained from the pairwise comparison matrix reflects the relative importance of the 

criteria (Jablonsky 2007; Kwong and Bai 2002). 

 

Liberal Arts Activity uses the Algebraic estimation. 

Linear Algebra Activity uses Linear Algebra to solve then compares the algebraic estimation to illustrate 

the eigenvector process. 

In this assignment, a group of students begin by  

1. select an issue to optimize such as “what job to select”. 

2. agree on parameters to optimize, such as: salary, location, quality of life, etc 

3. select .  

4. Compare alternatives across the selected parameters to optimize on a 1 to 9 continuous scale of 

intensity, listed in the table 1. To construct a matrix like Table 2. 



Intensity  Definition 

1 Equal 

3 Moderate Increase 

5 Strong Increase 

7 Very Strong Increase 

9 Extreme Increase 

Any intensity between 1 and 9 can be used 

including 4, 1.1, 1.2 etc. 

Table 1 Intensities 

Table 2 illustrates one parameter such as location. It indicates Alternative B is perceived to have a strong 

preference to Alternative A  thus uses a 1:5 ratio;  Alternative A is perceived to have a slight preference 

to Alternative C; Alternative B is perceived to have a strong to very strong preference to Alternative C.  

These pairwise comparisons the decision makers construct the results in table 2. 

Alternative A 1 Alternative B 5 

Alternative A 2 Alternative C 1 

Alternative B 6 Alternative C 1 

Table 2 Comparison Summary 

Next weights are transferred to the weights matrix presented in Table 3. In the diagonal there are ones 

because each alternative is equivalent to itself. Elements aij and aji are always reciprocals of each other.  

Considering a12 there is a 1/5 to denote the 1:5 ratio  Alternative A: Alternative B in Table 2 and a21 there 

is a 5 to denote the 5:1 ratio  Alternative B: Alternative A.  

 Alternative A Alternative B Alternative C 

Alternative A 1 1/5 2 

Alternative B 5 1 6 

Alternative C 1/2 1/6 1 

Column sum 6.5 1.367 9 

Table 3 Weights Matrix 



After the weight matrix is constructed, the eigenvector is found to find the relative value of each 

alternative with respect to the criteria. The eigenvector can be found in many ways. To estimate the 

eigenvector,  

1. Sum values in each column of pairwise comparison matrix (see last row of table 3) 

2. Normalize each entry by, dividing each element by its column sum (see table 3-4). 

3. Compute average of elements in each row, principle right eigenvector. 

In table 4 below, the normalized weights matrix augmented with the eigenvector is presented [B|	ω], 

such that, B = {bij} and ω = {	ωi}. Element b11 =	
	



�����	���
=

�

�.�
= 0.154,  

 

Alternative A Alternative B Alternative C 

row 

average 

Alternative A 

0.154 0.146 0.222 0.174 

Alternative B 
0.769 0.732 0.667 0.723 

Alternative C 

0.077 0.122 0.111 0.103 

Table 3-4 Normalized Weights Matrix 

the row average column which is equivalent to the eigenvector is the average of the row, that is, the 

element in the first row, fourth column is (0.154 + 0.146 + 0.222)/3 = 0.174. 

 

Alternative Relative Value 

Alternative A 0.174 

Alternative B 0.723 



Alternative C 0.103 

 

 

1. select an issue to optimize such as “what job to select”. 

2. agree on parameters to optimize, such as: salary, location, quality of life, etc 

3. select .  

4. Compare alternatives across the selected parameters to optimize on a 1 to 9 continuous scale of 

intensity, listed in the table 1. To construct a matrix like Table 2, for each parameter and the 

criteria. 

5. Find the relative value for each alternative for each parameter. 

6. Calculate the overall value of each alternative using the sumproduct of the criteria and relative 

values. 

7. Discuss your results. 

 


