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CHAPTER 5.  

COLLABORATIVE PROTOTYPING DESIGN 

5.1. Introduction 

The collaborative prototyping module (CP Module) is the foundation of other 

modules; the aim is to co-design a bundle with a user that evolved from a selected 

version. Additionally, this module is an avenue for [investigating the most appropriate 

bundle based on maximum utility and actual needs based on user feedback. A set of 

prototypes generated and appear during interaction can be considered service bundles. 

The concept of collaborative prototyping is composed of three fundamental 

theories—prototyping, ERG theory from new product development (NPD) theory, and 

psychology. Prototyping analyzes modeling in consumer behavior such as searching 

for the lowest price or highest wage. The application of prototyping in NPD can be 

considered a process for searching for the most profitable solution. 

This collaborative prototyping process allows two parties (e.g., customers and 

service providers) to anticipate the outcome of a design process. Furthermore, 

prototypes have two advantages: (1) they help customers evaluate unknown 

customized products and (2) guide both parties in searching for the optimal product 

specification.  

Furthermore, ERG theory, proposed by Alderfer in 1969, prioritizes user’s needs 

in a hierarchy . The acronym ERG stands for three need levels—existence, relatedness, 

and growth. The ERG theory is based on the work of Maslow, who reduced the 

number of levels of needs to three. 

Nevertheless, ERG theory differs from Maslow’s theory in three ways: (1) it 

allows different levels to be pursued simultaneously; (2) it allows the order of needs 

be different for different people; and, (3) when the highest level of needs remain 

unfulfilled, a person may regress to a lower level of needs that are relatively easier to 

satisfy26. 

 Ultimately, prospect theory demonstrates that people's attitudes toward risks 

concerning gains may be quite different from their attitudes toward risks concerning 

losses0. Unlike expected utility theory, prospect theory predicts that preferences will 

depend on how a problem is framed. For example, the decision tends to risk averse if 

the outcome is viewed as a gain. Reversely, the decision tends to risk seeking if the 

outcome is viewed as a loss. 

Initially, prototyping provides one or several prototypes based on ERG theory to 

                                                 
26 “ERG Theory”, NetMBA.com. http://www.netmba.com/mgmt/ob/motivation/erg/ 
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elicit customer needs and present these needs to a customer for evaluation. The ERG 

theory derives needs from a set of current needs. Needs prediction provides guidance 

and orientation for rectifying prototypes constantly.  

The ERG theory then shapes a set of bundles based on customer needs and 

feedback during collaboration. The notion of composing prototyping and ERG theory 

responds to value co-production addressed in service science. The rationales for 

combining prototyping and ERG are that prototyping furnishes prototypes for 

collaborative e-service delivery process, and ERG theory is increasingly realistic in 

predicting actual needs. Further explanation of the three concepts is provided in the 

following sub-sections. 

 

 

Figure 5-1 Relationships among three theories 

 

5.2. Theoretical Foundation 

5.2.1. Prototyping 

Costly information acquisition has remained an important topic in economic 

research since Stigler (1961) first addressed the issue. Economists have developed 

numerous equilibrium search models by citing several notions, such as information 

asymmetries and consumer search costs, to search for the lowest price. Models for 

optimal searching provide insight into the economics of concept testing. Nelson (1961) 

and Abernathy and Rosenbloom (1968) modeled product development as a series of 

stochastic events with discrete outcomes; they demonstrated that cost per test and 

scale of uncertainty drive the optimal number of parallel concepts that are required. 

Thomke (1998) contributed the view that experimentation during NPD solves 

problems, uncovers bugs and reduces errors, broadens searching and improves 
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learning via parallel testing. Additionally, Srinivasan et al. (1997) obtained empirical 

evidence that parallel prototyping resolves certain residual uncertainties and is more 

profitable than a one-shot scheme. Thus, a prototype is essential to the NPD process, 

as it generates an optimal search model based on testing cost and scale of 

uncertainty0. 

Prototyping, the process of developing prototypes, is an integral part of iterative 

user-centered design; it enables designers to test ideas with consumers and to obtain 

feedback. The primary purpose in prototyping is to involve users in testing design 

ideas and acquire their feedback during the early stages of NPD, thereby reducing 

time and cost associated with NPD. Moreover, the prototype provides an efficient and 

effective method for refining and optimizing interfaces through discussion, 

exploration, testing and iterative revision27. 

In terms of an information system, prototypes are experimental and incomplete 

designs that are quickly and cost-effectively developed. Prototypes are utilized to 

assist system designers in building an information system that is intuitive and easily 

manipulated by end users. The following advantages are associated with  prototypes: 

(1) they reduce development time and costs; (2) benefit from user involvement; (3) 

developers receive quantifiable user feedback; (4) prototypes facilitate system 

implementation based on user anticipation; (5) result in increased user satisfaction; 

and, (6) expose developers to potential future system enhancements28. 

The prototyping process can be categorized as the following four stages: 

establish prototype objectives; define combinational services; develop prototype; and, 

evaluate prototype (as shown in Figure 5-2). During the first stage, goals of the 

prototype are identified based on current user needs. The developer should then 

identify the services to be included in the prototype. Ultimately, prototypes are 

delivered and evaluated iteratively. 

 
Figure 5-2 Prototyping Process 

Collaborative prototyping is a novel approach based on the notion of prototyping. 

                                                 
27 Greenberg, S., “Prototyping for Design and Evaluation,” Research Methodologies in HCI, 
http://grouplab.cpsc.ucalgary.ca/saul/681/1998/prototyping/survey.html 
28 Akers, G., “What is Prototyping?” http://www.umsl.edu/~sauter/analysis/prototyping/proto.html 



 49

Collaborative environments for product development have become the favored design 

paradigm for engineering organizations. In During evolutionary design and 

development processes, prototyping has become an important tool for identifying user 

requirements and providing feedback on the working design relative to requirements 

0. 

Collaboration facilitates improved information sharing, concurrent engineering, 

virtual prototyping and testing, and total quality management. Furthermore, 

collaboration enhances product quality and decreases product lifecycle cost. Moreover, 

the anticipated benefits of prototyping in reducing risk must be weighed against the 

time and money required to build and evaluate a prototype. That is, taking time to 

build and test a prototype can allow a development team to detect problems that 

would not have been detected until after the NPD process was complete. 

For instance, the probability of success in completing a final product is 70% and 

30% when an injection mold must be modified iteratively in the conventional process. 

Nevertheless, the probability of success increases to 95% when prototypes appear in 

the NPD process as shown in Figure 5-3. The prototypes iteratively filter and rectify 

based on user requirements, and the prototypes fulfill product needs until an 

appropriate prototype is developed that is an approximate version of the final product. 

Prototypes reduce costs and risks that can ultimately result in the development of an 

unacceptable product. Additionally, the probability for revising a product is extremely 

reduced to 5%. 

Build Injection 

Mold
Test Part Fit

Build Prototype 

Part
Test Part Fit

Build Injection 

Mold
Test Part Fit

Probability of 

success 0.7

Probability of 

iteration 0.3

Probability of 

iteration 0.3

Probability of 

iteration 0.05

Probability of 

success 0.7
Probability of 

success 0.95

Conventional Process

Process with Prototyping  

Figure 5-3 The difference between conventional process and with prototyping 

Conversely, customer decision trees demonstrates the decision process when 

requesting prototypes. Customers have two options: they can request collaborative 

prototyping or purchase a standard product. If a customer requests prototypes, the 

outcomes could be purchasing a customized product or abandoning the transaction 
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(Figure 5-4). Thus, collaborative prototyping is an effective and efficient technique 

for reaching NPD goals. 

Furthermore, the cost and risk associate with prototypes can be considered two 

dimensions for segmenting into four quadrants as shown in Figure 5-5. In the low-cost 

and low-risk quadrant, one prototype can be built for verification (e.g., printed goods). 

In the high-cost, low-risk quadrant, few or no prototypes are built (e.g., commercial 

buildings). That indicates that the product is specially designated and completely 

customized via user requirements.  

Additionally, numerous comprehensive prototypes are constructed in the 

low-cost, high-risk quadrant (e.g., software). The cause of relatively high risk is the 

comprehensiveness of a prototype; that is, the products are not customized further. 

Airplanes or automobiles are examples of products residing in the high-cost, high-risk 

quadrant; such products have actually been sold. In other words, producers must 

ensure that they meet the high needs of the market; thus, they can deliver products via 

mass manufacturing. 

 

Figure 5-4 Customer decision tree 

In short, collaborative prototyping identifies user requirements and furnishes 

feedback on a working design measured against the requirements. Moreover, 

collaborative prototyping provides the following advantages: (1) reduced 

development time, costs and risks; (2) users are involved and provide user feedback; 

(3) facilitate system implementation is based on user anticipation and satisfaction; and, 

(4) developers can enhance the product in a future iteration. 



 51

T
e
c
h
n
ic
a
l 
o
r 
M
a
rk
e
t 
R
is
k

L
o

w
H

ig
h

 
Figure 5-5 Prototypes located in Cost-Risk matrix 

Moreover, customer needs communicated during product customization has been 

under-researched in various industries. Additional research is required to fully explore 

concepts, such as conducting research to estimate effective and legitimate pricing 

methods during collaborative prototyping. Hence, although new technologies can 

replicate the process of turning a set of product specifications into a custom-built 

product, extensive interaction is needed for a master craftsman to identify customers 

actual needs. 

 

5.2.2. ERG Theory 

The ERG theory, a model of human motivation developed 1969 by Clayton 

Alderfer, extended and simplified Maslow's Hierarchy using a relatively smaller set 0. 

The ERG theory attempts to answer the question, “what motivates a person to act?” 

and assumes that all human activities are motivated by need. The ERG theory 

consolidated Maslow’s five need categories into three levels of need; Existence, 

Relatedness, and Growth (as shown in Figure 5-6). Each category is described as 

follows.  

(1) Existence Needs: include all material and physiological desires (e.g., food, water, 

air, clothing, safety, physical love and affection). 

(2) Relatedness Needs: encompass relationships with significant others (e.g., to be 

recognized and feel secure as part of a group or family). 

(3) Growth Needs: impel a person to make creative or productive effects on himself 

and the environment (e.g., to progress toward one’s ideal self). 
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Figure 5-6 The concept of ERG theory 

 (Data Source: Alderfer, 1969) 

The concepts of existence, relatedness, and growth needs are separate and 

distinct categories. The concept of prioritizing needs is based on a continuum in terms 

of their concreteness. Existence needs are the most concrete, and easiest to verify. 

Relatedness needs are less concrete than existence needs, which depend on a 

relationship between two or more people. Finally, growth needs are the least concrete 

in that their specific objectives depend on the uniqueness of each person. 

Three relationships among different categories, satisfaction-progression, 

frustration-regression, and satisfaction-strengthening, are identified in ERG theory. 

Satisfaction-progression stands for moving up to higher-level needs based on satisfied 

needs. Frustration-regression is when a person moves backward from current 

unsatisfied needs to lower-level needs. The idea of satisfaction-strengthening 

represents strengthening a current level of satisfied needs iteratively. 

Satisfaction-progression plays an important part in Maslow’s original concept of 

a need hierarchy (but not in the ERG theory). In ERG theory, the movement upward 

from relatedness satisfaction to growth desires does not presume satisfaction of 

existence needs. However, the movement from existence satisfaction to relatedness 

desires is necessary according to Maslow’s theory (i.e., individuals move up the 

hierarchy as a result of satisfying lower order needs as shown in Figure 5-7).  

Frustration-regression identifies one’s motivation in explaining fundamental 

desires. Frustration-regression suggests that an already satisfied need can become 

active when a higher need cannot be satisfied. Thus, if a person is continually 

frustrated in his/her attempts to satisfy growth, relatedness needs can resurface as key 

motivators.  

Satisfaction-strengthening indicates that an already satisfied need can maintain 
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satisfaction or strengthen lower level needs iteratively when it fails to gratify 

high-level needs. 
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Figure 5-7 The Mapping of Need hierarchy and ERG theory 

For instance, imagine that there will be three different parties on Saturday night; 

however, you can only go based on the several criteria (e.g., the food is good, the 

people are warm, and the conversation is stimulating). 

� Party 1 (Existence Needs): The hosts are excellent cooks and take pride in 

serving guests well; however, they are not friendly and are boring 

conversationalists. 

� Party 2 (Relatedness Needs): There may be a some chips and soda, but the 

hosts and other partygoers are easygoing. 

� Party 3 (Growth Needs): There will be no food unless it is brought. The hosts 

and others partygoers tend to be aloof and distant; however, some will be 

renowned experts in a topic of great interest to you. 

A person’s decision will be different according to the level of need that is predominant 

at that moment. Thus, the following three diverse results are predicted. 

� A person who has been living on beans and rice for two weeks would probably 

favor party 1.  

� A person who is recently divorced, sad and lonely is more likely to attend party 

2. 

� A person who is well fed and whose relationships are stable and satisfying has 

more to gain from party 3. 
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Conversely, the following differences exist between ERG theory and the 

hierarchy-of-needs theory: (1) a lower level need does not have to be gratified (i.e., a 

person may satisfy a need at hand, whether or not a previous need has been satisfied); 

(2) if a relatively more significant need is not gratified, the desire to gratify a lesser 

need will be increased (i.e., the frustration in meeting high-order needs might lead a 

person to regress to a more concrete need category); (3) ERG theory allows the order 

of the needs to differ for different people29 (e.g., it accounts for the “starving artist” 

who may place growth needs above existence ones). 

The management implications of ERG theory assists managers in recognizing 

that an employee has multiple needs that must be satisfied simultaneously. 

Furthermore, if growth opportunities are not provided to employees, they may regress 

to relatedness needs. If managers recognize the needs in a given situation, then steps 

can be taken to concentrate on relatedness needs until the subordinate can pursue 

growth again. 

Chung (1969) proposed a Markov chain model for analyzing the prevailing states 

and to predict the future state of a need hierarchy based on Maslow’s hierarchy of 

needs. The Markov chain model investigated the dynamic structure of human needs 

and their relationships to motivation as multidimensional phenomena. Maslow 

rejected any atomistic classification of needs, preferring to identify clusters of needs 

in a holistic system (Figure 5-8). Classification is developed and based on the concept 

of “being contained within” rather than “being separated from.” This concept refers to 

a pattern of human behavior that is influenced simultaneously by a number of causes. 

 

Figure 5-8 Holistic Need Hierarchy 

 The proposed model is based on Markov chain analysis, a method of analyzing a 

system with behavioral characteristics that involve multivariate, probabilistic, and 

dynamic elements. Markov chain analysis makes it possible to predict behavioral 

patterns in a system when the patterns for a previous period are known. A basic 

                                                 
29 ERG theory, NetMBA.com, http://www.netmba.com/mgmt/ob/motivation/erg/ 
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assumption in Markov chain analysis is that each period has a finite number of 

possible outcomes that are subject to chance elements. These probable outcomes are 

system states, and the probabilities that characterize behavior in these states are 

transition probabilities. 

 A Markov chain process is a sequence of system states in which the outcomes of 

a given period are dependent upon the outcomes of the immediately preceding period. 

When the process begins in a particular state with known probabilities of moving one 

state to another, Markov chain analysis can predict the system states for successive 

time periods. Thus, this study assumes that the system has known a finite number of 

possible outcomes that indicate the initial state (N0) and the transition matrix (P) as 

follows: 

P11 P12 P13 P14 P15

P21 P22 P23 P24 P25

P31 P32 P33 P34 P35

P41 P42 P43 P44 P45

P51 P52 P53 P54 P55

N1   N2   N3   N4   N5

P = 

 

The possible states in the need hierarchy at any given time can be determined 

according to the initial state and transition probabilities. The state in a given period 

depends on the iteration of the state for a preceding period (Nt-1) and the transition 

probabilities: Nt = N(t-1)P. The initial probabilities of P are derived from customer 

profile; these initial probabilities will be adjusted in accordance with user behavior. 

The composition of the need hierarchy can be expressed in a row vector (e.g., Nt=(N1, 

N2, N3, N4, N5) where N represents a need hierarchy and t is time). 

Hence, the rationale for combining a Markov chain with a need hierarchy are as 

follows: (1) the outcomes of a given period may not only depend on the outcomes of 

the immediately preceding period, but also on other preceding events (i.e., a person’s 

decision is typically based on experiences from the immediate past rather than the 

remote past); and, (2) transition probabilities remain stable during transitional periods 

(i.e., a personality is assumed stable for a reasonably long period). 

The ERG theory extends and consolidates Maslow’s five need categories into 

three categories—existence, relatedness, and growth. The three relationships are 

identified among three categories, which are satisfaction-progression, 

frustration-regression, and satisfaction-strengthening. 

Moreover, the method to apply a need hierarchy to a Markov chain was 

investigated in previous research. The Markov chain can predict need in a given time 

period. Thus, this study combines the notion of a Markov chain and a need hierarchy 
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(replacing the hierarchy of needs in the ERG theory) to estimate the possible state of 

needs in the subsequent time period. That is, the needs of a customer can be predicted 

and evaluated accurately and immediately. 

 

5.3. Model 

Collaborative pricing is an emerging issue in this era of collaborative design. 

Collaborative design allows firms to become deeply embedded in their customers’ 

design and development processes by developing prototypes. Similar to the concept of 

collaborative design, collaborative pricing allows customers to actively participate in 

pricing products (that is, their WTP) and tailors prices and services to consumers’ 

changing needs. 

We define a collaborative pricing model as a model that has the objectives of 

maximizing WTP and profits, that allows consumers and producers to actively 

participate and collaborate when pricing products or bundles, and generates an 

optimal bundle price at equilibrium. 

CPModel = Optimal(PProfit, CUtility)                                              (5.1) 

The problems in existing pricing strategies for versioning are that (1) prices are 

not optimal and are merely based on mass customization and (2) customer 

participation is extremely limited when determining prices. Therefore, this study 

attempts to prove that an optimal price exists based on the aims of collaborative 

pricing and in terms of supply and demand. 

We assume that bundling is a well-known and efficient approach for determining 

prices for information goods. This study presents a collaborative pricing model that 

has an optimal bundle price PB at equilibrium with optimal profit and utility. Thus, 

profit increases from a version price PV to a bundle price PB. Likewise, consumer 

surplus increases as PV moves toward PB. 

 

5.3.1 Collaborative Pricing and Payoff 

This study now explores the heterogeneity of Internet consumers, and assumes 

that two economic agents exist in the model. Profit is optimized via collaborative 

pricing in terms of delivering prototypes interactively. Theoretically, equilibrium is 

efficient and optimal based on the law of supply and demand. Bundle prices are 

always higher than version prices as a result of] the difference between 

personalization (bundle) and mass customization (version). Hence, we assume that 

bundle price is higher than version price when collaboration generates high WTP. 

The conditions for certain variables are PR > PB > PV > C > 0; 1 ≥ q > 0 and n, 

m > 0, and n ≥ m, where PR is reservation price, PB is bundle price, PV is version price, 

C is cost for each service, q is probability to choose a collaborative pricing process, n 
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is the number of services in a bundle, and m is the number of services in a version. 

 

Theorem 1. When consumers are heterogeneous, a service provider maximizes 

profits by offering collaborative pricing, provided a buyer’s reservation price exceeds 

the service provider’s customized price (either for a version or bundle). 

S

D1D2

Quantity

Price

PR

PB

PV

nm

Consumer Surplus for a Bundle

Consumer Surplus for a Version

 

Figure 5-9 Consumer Surplus for Bundle and Version Prices 

In an efficient market, the equilibrium point at a specified quantity and price is 

offered. Bundle price is always greater than version price when bundle price is 

generated via a collaborative process. Consumer surplus of a bundle price compared 

to version price is enhanced when a collaborative bundle price exists. Hence, 

Theorem 1 is split into two Lemmas: profits (Lemma 1) and consumer surplus 

(Lemma 2). 

Lemma 1 compares the profits obtained via collaborative and non-collaborative 

pricing based on the law of supply and demand. Profits increase when a service 

provider prices a bundle via a collaborative process. Lemma 2 confirms that consumer 

surplus (utility) is greater than the reservation price. Thus, Theorem 1 proves that 

bundle (collaborative) price is optimal compared to version price and reservation 

price. 

 

Lemma 1. Compared with a non-collaborative price PV, offering collaborative price 

PB improves profits by q(PB+PV-C(n+m)-(PV-mC)). 

Proof. The profit for collaborative and non-collaborative are 

 ΠCP = q(PB-nC) and ΠNP = (1-q)(PV -mC),  

where PB–nC ≥ 0 and PV –mC ≥0                                      (5.2) 

We assume that non-prototyping is profitable, so ΠCP ＜ ΠNP.  

Replace ΠCP and ΠNP by Eq. (5.2) such that 

q(PB-nC) ＜ (1-q)(PV -mC)                                          (5.3) 

Reduce q as the left-hand side to an inequality from Eq. (5.3) 
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q ＜ 
) m)C (n-P(P

mC)- (P

VB

V

++
                                           (5.4) 

where, PB ≥ nC and PV ≥mC, where ΠC ≥0 and ΠNP ≥ 0 in Eq. (5.2), consequently, 

q ＜ 
) P-P-P(P

)P- (P

VBVB

VV

+
  0≧  

Inequality contradicts the original assumption 1 ≥ q > 0, meaning that the assumption 

in Eq. (5.2) is false. That is, ΠCP ＞ ΠNP is true. Hence, the difference between two 

strategies is 

ΠCP - ΠNP = q(PB+PV-C(n+m)-(PV-mC)),                                 (5.5) 

If q ＞ 
) m)C (n-P(P

mC)- (P

VB

V

++
, ΠCP ＞ ΠNP 

 

5.3.2 Collaborative Pricing and Utility 

Supposedly, utility (consumer surplus) is the gap between reservation price (PR) 

and actual price (i.e., PA, a producer’s willingness-to-accept). Equilibrium is efficient 

and optimal according to the law of supply and demand. The determined bundle price 

is generated through a collaborative process that can satisfy maximum perceived 

utility. Thus, we assume that optimal price (i.e., PB, bundle price) is the equilibrium 

price on the supply/demand curve. Thus, when offering collaborative pricing with 

price PB, utility is elevated compared with non-prototyping. We assume that the 

supply and demand curve is a straight line and that the area is the aggregate of 

consumer surplus. 

Lemma 2. Compared with reservation price PR, offering collaborative price PB 

improves consumer surplus by 
2

)( mnPmPnP BVR +−−
. 

Proof. We assume that aggregate consumer surplus for a bundle of services is CSCP, 

and the aggregate consumer surplus for a version of services is CSNP; thus, consumer 

surplus for collaborative prototyping and non-prototyping are 

CSCP = 
2

)( BR PPn −
 and CSNP = 

2

)( VB PPm −
                           (5.5) 

According to the assumption PR > PB > PV > C > 0, 

(PR - PB) < (PB – PV), if PB ≥ 
2

VR PP +
                                  (5.6) 

and 

(PR - PB) > (PB – PV), if PB  < 
2

VR PP +
                                 (5.7) 

To prove that consumer surplus will be enhanced, we assume CSCP < CSNP, 

suggesting that consumer surplus for collaborative prototyping is lower than 
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non-prototyping; hence,  

2

)( BR PPn −
 < 

2

)( VB PPm −
                                          (5.8) 

To decrease the fraction, Eq. (5.8) is equal to n(PR - PB) < m(PB - PV) 

Here, the proof is separated into two conditions when bundle price is greater or lower 

than half of the sum of reservation price and version price. In the first condition, the 

bundle price is greater, 

(1) if PB ≥ 
2

VR PP +
, then PR - PB < PB – PV, and n > m; 

Furthermore, we assume that quantity m is greater than half of quantity n; thus, 

(a) if m ≥  
2

n
, the original assumption in Eq. (5.8) is equal to 

n(PR - PB) < 
2

n
(PB - PV)  m(P≦ B - PV) (m  ≧

2

n
)                         (5.9) 

That is, (PR - PB) < 
2

1
(PB - PV) and is reduced to 2(PR - PB) < (PB – PV). This 

inequality contradicts Eq. (5.6). Thus, the original assumption is false; n(PR - PB) > 

m(PB - PV) is true if PB ≥ 
2

VR PP +
 and m > 

2

n
. 

Conversely, when quantity m is lower than half of quantity n,  

(b) if m < 
2

n
 

The original assumption in Eq. (5.8) is equal to  

n(PR - PB) < m(PB - PV) < 
2

n
(PB - PV)                                  (6.0) 

Equation (6.0) can be reduced to n(PR - PB) < 
2

n
 (PB - PV). Furthermore, inequality 

is 2(PR - PB) < (PB – PV), which contradicts Eq. (5.6). Thus, n(PR - PB) > m(PB - PV) is 

true if PB ≥ 
2

VR PP +
 and m < 

2

n
. 

In the second condition, the bundle price is lower, 

(2) if PB  < 
2

VR PP +
, then PR - PB > PB – PV  and n > m 

The original assumption in Eq. (53.8) can be reduced to n(PR - PB) < m(PB - PV) and 

is false since it contradicts Eq. (5.7). Thus, n(PR - PB) > m(PB - PV) is true, if PB  < 

2

VR PP +
. 

Hence, the assumption in Eq. (5.8) is false; that is, CSCP ≥CSNP is true. Consumer 
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surplus is greatest when applying collaborative prototyping, and the difference is 

CSCP - CSNP = 
2

)( mnPmPnP BVR +−−
. 

Table 5-1 Prices, Profits, and Consumer Surplus 

 Collaborative Pricing Non-collaborative 

Price PB PV 

Profit ΠCP = q(PB-nC) ΠNP = (1-q)(PV -mC) 

Consumer Surplus 
CSCP = 

2

)( BR PPn −
 CSNP = 

2

)( VB PPm −
 

Lost profit compared to 

collaborative pricing 

0 q(PB+PV-C(n+m)-(PV-mC)) 

Lost consumer surplus 

compared to collaborative 

pricing 

0 

2

)( mnPmPnP BVR +−−
 

 

5.4. Method 

A user’s decision can be represented in the combination of the decision node and 

event node as shown in Figure 5-10. First, a user accepts one of the initial versions or 

rejects all these versions. The collaborative prototyping process is then triggered when 

the user chooses to interact. Collaboration assists the system in identifying accurately 

user needs. If the user finally accepts, the output will be the most appropriate bundle 

for satisfying user needs and maximizing utility. 
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Figure 5-10 User’s decision for collaborative prototyping process 

Figure 5-11 presents the operational process of the collaborative prototyping 

module. The core concept is the combination of collaborative prototyping, ERG 

theory, and prospect theory. The user opts for a version that is offered by the GUI 
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module. If the user’s need is fulfilled with convergence, the CP module will be passed 

over. Otherwise, the CP module is triggered with by version information and user 

feedback. 

The notion of CP module is to provide an interactive approach that generates 

certain prototypes (i.e., each prototype is equal to a service bundle). For instance, 

when a user does not favor the initial version, the CP module generates a prototype 

(i.e., a service bundle) according to the user profile. Furthermore, the CP module 

creates additional prototypes to satisfy the user’s needs based on interaction and need 

predictions. 

These needs are separated into names the categories. We assume that user needs 

shift among three categories over time. Namely, three different needs, existence, 

relatedness, and growth needs, are identified. For example, if a user demands 

existence needs in the current status, the CP module generates several services as a 

bundle (i.e., prototype) to fulfill these current needs. Furthermore, if a user’s need 

shifts to relatedness needs, the CP module generates another prototype with various 

services to satisfy the need. Thus, CP module provides prototypes iteratively via the 

collaborative process with the user. 

 

Figure 5-11 Operational Process of CP Module 

The Markov chain is utilized to predict the behavioral patterns of needs (with the 

assumption of a user’s need shifting over time). The Markov chain is a discrete-time 

stochastic process with the Markov property (only the current state is necessary for 

predicting a subsequent state or states, and states prior to the current state are not 

needed when the current state is known). Markov chain offers several benefits—(1) it 

has finite states, (2) a time interval, (3) is probability-based and (4) dynamic. 
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Equation 5-1 Stationary Markov Chain Properties 
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The Belief Network and Perti Net are well-known approaches that compete with 

Markov chain. The Belief Network is a non-deterministic technique that is a causal 

reasoning tool for uncertain reasoning (diagnosing and forecasting). For example, a 

belief network for diagnosing disease may have a causal link from a cold to sneezing. 

This network encodes the causal relationship “sneezing is caused by a cold” 0.  

Conversely, Petri Net is a deterministic approach that allows for the 

representation of classes of real-world processes using a graphical process schema. 

Petri Net has two principal features, reachability (i.e., if Mn reachable from M0 if a 

sequence of firing exists that transforms M0 into Mn) and boundedness (i.e., a Petri 

Net is bounded if the number of tokens in each place does not exceed a finite number 

k for any marking reachable from M0) 0. Thus, this study opts for Markov chain as 

user needs shift all the time (i.e., time factor), and to handle possible future needs (i.e., 

prediction factor). 

Equation 5-2 Transition Probability and Transition Matrix 
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We assume that the proposed system is described at successive times, resulting in 

states (each of which has known a finite number of possible outcomes). At these times 

the system may have changed from a previous state or remained in the same state. 

State changes are called transitions. The system is with the initial state (N0) and the 

transition matrix (P) (shown as follows). The possible states of need hierarchy at any 

time can be determined according to the initial state and transition probabilities. 

 

The state in a given period depends on the iteration of the state in a preceding 

period (Nt-1) and transition probabilities: Nt = N(t-1)P. The initial probabilities of P are 

derived from a user’s profile and are rectified in accordance with the user’s behavior. 

The composition of the need hierarchy can be expressed in a row vector (e.g., Nt=(E, 

R, G), where N is a need hierarchy and t represents time).  
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Equation 5-3 Markov Chain Process 
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Ultimately, each prototype (i.e., a service bundle) computes a prospect value 

using prospect theory. The prospect value is a more realistic value, which considers 

risk and the certainty effect. The prospect value is estimated from the combination of 

a user’s value and weight function. Clearly, the value and weight functions differ 

among users. 

This study presents a novel collaborative prototyping algorithm (CP Algorithm) 

to derive the causal logic in the CP module (Fig. 29). When the CP algorithm is 

initiated, certain variables for declaration exist (from line 2–11). The N, B_Needs, and 

V_Needs are row vectors and enfold three decimal points, which represent the 

existence, relatedness, and growth needs. In detail, N represents a current user’s needs, 

B represents a specific bundle (B_Needs embodies the degree of ERG needs that B 

can satisfy), and V is the version the user chose (V_ Needs embodies the degree of 

ERG needs that V can satisfy). The values of the bundle and version are the 

transformed into decimals using the versioning ontology. 

Conversely, P and Pmass are transition matrixes  that come from individual and 

mass customers. Notably, CP_Flag is a variable that records the user’s decision, which 

indicates that if the user decides to enter the collaborative process, the value is set to 1; 

otherwise, the value is set to 0. Variable R obtains the user’s response (i.e., accept is 1) 

when the customized bundle is delivered successfully. Table 6 presents variable 

descriptions are shown in Table 5-2. 

The collaborative prototyping process is demonstrated from line 15–34; 

nevertheless, CP_Flag and R are set to 0 before the major procedure is initiated. The 

procedure is triggered when the CP_Flag equals 1, indicating that a user decided to 

seek a better bundle from the interaction. Thus, the system obtains the information for 

the selected version (V), reads the mass transition matrix (Pmass), and transforms initial 

needs (N0) and the transition matrix (P) into V_Needs and Pmass, respectively. 

Next, a while loop is initiated with the conditions that time (t) is greater than 0 

and needs (Nt) are convergent (i.e., needs tend to be stable for over a prolonged time). 

The needs in a given time period (t) can be predicted using the Makorv chain that 

embeds ERG theory in the transition matrix. When a user’s need is estimated at time t 

(i.e., Nt = N(t-1)P), the system assembles a bundle dynamically that is based on the 

current needs of the user and delivers it to the user immediately. 
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Table 5-2 The description of all variables 

Variable Description 

N[E,R,G] A vector; it represents the user’s existence, relatedness, and 

growth needs. 

V The initial version that user selected among all. 

V_Needs[E,R,G] A vector; it represents the needs that a version can satisfy. 

B A bundle of services according to N[E,R,G]. 

B_Needs[E,R,G] A vector; it represents the needs that a bundle can satisfy. 

P The transition matrix of a user. 

Pmass The transition matrix came from mass customers. 

CP_Flag The flag to record user’s decision that accepts the initial 

version or interacts with the system. 

R The response of user that accepts or rejects the furnished 

bundle. 

t A time period. 

Conversely, the user may not accept that the customized bundle meets actual 

needs. Hence, variable R acquires a response from the user in which 1 represents 

accept and 0 represents reject. If the user rejects the customized bundle at this time, 

the system predicts the needs for the next time period based on current status of needs 

and the bundle. The while loop is terminated only when the user accepts the bundle or 

needs (Nt) are convergent. 
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(01)  BEGIN 

(02)  INIT N[E,R,G] is a vector of user needs

(03)  INIT V is the initial version that user selected

(04)  INIT B is a bundle of services

(05)  INIT B_Needs[E,R,G] is a vector of B

(06)  INIT V_Needs[E,R,G] is a vector of V

(07)  INIT P is the transition matrix of user

(08)  INIT Pmass is the transition matrix of mass customers

(09)  INIT CP_Flag is the flag to record the decision

(10)  INIT R is the response of user

(11)  INIT t represents the time

(12)  SET CP_Flag to 0

(13)  SET R to 0

(14)  SET t to 1

(15)  IF CP_Flag is the same with 1 THEN

(16)     GET V from user

(17)     READ Pmass

(18)     SET N
0
to V_Needs

(19)     SET P to Pmass

(20)        WHILE t > 0 and N
t
 and N

t-1  
are not the same

(21)            SET N
t  
to multiple N

t-1
by P

(22)            DETERMINE B

(23)            CALL OPE_Module with B

(24)            DISPLAY B           

(25)               GET R from user

(26)               IF R is the same with 0  THEN

(27)                   SET N
t
 to B_Needs               

(28)                   INCREMENT t   

(29)               ELSE 

(30)                   SET t = 0

(31)         ENDWHILE

(32)     PRINT B

(33)  ELSE

(34)     PRINT V

(35) END
 

Figure 5-12 Collaborative Prototyping Algorithm 

The system determines the maximum utility among the given bundles and 

updates the user transition matrix for improved adjustment. Conversely, if the user 

accepts the initial bundle, the collaborative prototyping process will not be triggered 

and the outputs would be the version and its utility value. 

In short, the Markov chain can predict user need in a given time period. The 

benefits of combining the Markov chain and an ERG need hierarchy as follows: (1) 

the outcomes of a given time period depend on a preceding period and other previous 

events; and, (2) transition probabilities move toward stability and are customized 
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during transitional periods.  

The CP module combines collaborative prototyping, ERG theory, and prospect 

theory to predicts and evaluate user needs accurately and immediately. Moreover, the 

CP module generates prototypes during the collaborative process that are based on 

user needs. Finally, the maximum utility (i.e., prospect value) is estimated among 

prototypes, which indicates that the bundle is the most appropriate for a user. 

 

5.5. Evaluation 

The conventional Maslow theory is a well-known approach for interpreting a 

human needs hierarchy. This study employs Maslow theory as the benchmark for 

ERG theory. Chung (1969) attempted to combine Markov chain with Maslow theory 

and presented the opportunity for future research. The results merely showed the 

preliminary possibility for needs prediction from quantitative approach. The variances 

and effects for different number of states are still lack of further investigation. 

Needs predictions will vary when the applied theory changes. In particular, the 

states in the Markov chain matrix differ, the Maslow theory has five states, and the 

ERG has three states. We attempt to demonstrate significant results via examining 

various numbers of states. Supposedly, three states provide advanced predicted 

accuracy compared to five states due to small size of transition matrix. This study 

compares the differences in prediction and accuracy for both approaches to 

demonstrate that ERG theory results are superior for predicting customer needs. 

Equation 5-4 Different state space for ERG theory and Maslow theory 
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5.5.1. Assumptions 

The aim for evaluating CP module is to validate that the Markov within ERG 

theory is superior to Maslow theory. We assume three consumer stereotypes exist, 

which are regular, extroverted, and innovative. For regulative type, people live in a 

regular pattern and concentrate on meeting basic needs, for example, physiological 
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(N1) and safety (N2) needs in the Maslow theory or existence needs (E) in ERG. 

For extroverts, people break through fundamental needs to higher level of needs, 

such as social (N3) and external esteem (N4) needs in the Maslow theory or 

relatedness needs (R) in ERG theory. Similarly, the innovative type focuses on top 

level needs such as self-actualization and internal esteem needs (N5) in the Maslow 

theory or growth needs (G) in ERG theory. 

 Additionally, we assume ideal needs have multiple choices based on Maslow and 

ERG constraints. That is, needs can move to relatively higher level only when the 

lower level is satisfied. For example, in the Maslow theory, consumers want to satisfy 

safety needs only after physiological needs are fulfilled. Similarly, consumers want to 

satisfy relatedness needs when existence needs are fulfilled in ERG theory. 

 Hence, an alternative with a low level for ideal needs is the basic assumption. 

For instance, if the ideal need is N2, then the possible needs for prediction are N1 or 

N2 (i.e., when the ideal need is R, the possible needs are E or R). The reason for a 

lower level and not a higher level needs (e.g., ideal need N1 for possible prediction 

N0 or N1 but not N0, N1 or N2) is to ensure a minimal recall rate with strict 

constraints. Once the recall rate is desirable with a strict constraint, it may be superior 

to a loose constraint. 

 

5.5.2. Simulation 

This study simulates 40 continuous behavioral points of needs (a series of needs) 

for each stereotype, and each pattern is encoded to three states (ERG) and five states 

(Maslow). Two-thirds of the data (26) are utilized for building the model and 

one-third of the data (14) are employed for verifying reliability and validity. 

The initial probability distribution of needs for the three stereotypes is based on 

our assumption mentioned in the previous section. For example, regular type 

consumers have series of 26 type needs—18 existence needs (0.629307692), 7 

relatedness needs (0.269230769), and 1 growth need (0.038461538). 

 In ERG theory, the principal need is existence for the regular type, existence 

and relatedness for the extroverted type, and related and growth for the innovative 

type. For the Maslow theory, the major need is N1 for the regular type, N1 and N3 for 

the extroverted type, and N4 and N4 for the innovative type. 

Table 5-3 Initial probability distribution for ERG 

 E R G 

Regular 0.692307692    0.269230769 0.038461538 

Extroverted 0.461538462    0.423076923    0.115384615 
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Innovative 0.269230769 0.384615385    0.346153846    

 

Table 5-4 Initial probability distribution for Maslow 

 N1 N2 N3 N4 N5 

Regular 0.65    0 0.3 0.05 0 

Extroverted 0.45    0 0.4    0.075 0.075 

Innovative 0.175 0 0.325    0.325    0.1 

 

This study utilizes two-thirds of the data to construct the transition matrix for 

prediction and one-third of the data to verify the reliability and validity of the 

proposed system. That is, 26 behavioral patterns are utilized to build the predictive 

model (transition matrix) and 14 to verify model stability and precision. The first one 

of the rest 14 patterns is the initial point; thus, 13 time spots are allocated for 

prediction. 

Table 5-5 Assumptive behavioral patterns for three stereotypes (ERG) 

ERG Behavioral Points of Needs 

Regular E,E,E,E,R,E,R,E,R,E,E,R,E,E,R,E,G,R,E,E,E,E,E,E,R,E,R,E,R,E,E,R,E,E,R,E,G,R,E,E 

Prediction R,E,E,E,E,E,E,E,E,E,E,E,E,E 

Extroverted E,R,R,E,E,R,G,G,R,E,E,R,R,E,E,R,R,G,E,E,E,R,R,E,E,R,G,G,R,E,E,R,R,E,E,R,R,G,E,E 

Prediction G,E,E,E,E,E,E,E,E,E,E,E,E,E 

Innovative E,R,R,E,R,G,G,G,G,E,R,R,G,E,R,G,R,G,G,E,E,R,R,E,R,G,G,G,G,E,R,R,G,E,R,G,G,G,G,E 

Prediction G,G,R,G,G,G,G,G,G,G,G,G,G,G 

 

Table 5-6 Assumptive behavioral patterns for three stereotypes (Maslow) 

Maslow Behavioral Patterns 

Regular N1,N1,N1,N1,N3,N1,N3,N1,N3,N1,N1,N3,N1,N1,N3,N1,N4,N3,N1,N1,N1,N1,N1,N1,N3,N1, 

N3,N1,N3,N1,N1,N3,N1,N1,N3,N1,N4,N3,N1,N1 

Prediction N3,N1,N1,N1,N1,N1,N1,N1,N1,N1,N1,N1,N1,N1 

Extroverted N1,N3,N3,N1,N1,N3,N4,N5,N3,N1,N1,N3,N3,N1,N1,N3,N3,N4,N1,N1,N1,N3,N3,N1,N1,N3, 

N4,N5,N4,N3,N1,N3,N1,N1,N1,N3,N3,N4,N3,N1 

Prediction N4,N1,N1,N3,N1,N1,N1,N3,N3,N3,N3,N3,N3,N3 

Innovative N1,N3,N3,N1,N3,N4,N5,N4,N4,N1,N3,N3,N4,N1,N3,N4,N3,N4,N4,N1,N1,N3,N3,N1,N3,N4, 

N4,N4,N5,N1,N3,N3,N4,N2,N4,N5,N3,N4,N5,N1 

Prediction N4,N4,N4,N3,N4,N4,N4,N4,N3,N3,N3,N3,N3,N3 
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5.5.3. Performance Measurement 

This section evaluates the CP module in terms of reliability and validity and 

compares it with the Maslow approach. Theoretically, needs converge according to 

the Markov property. Consequently, reliability verifies the stability of the system in 

terms of the convergence of needs for the Markov chain within the ERG or Maslow 

approaches. Validity confirms the predictive ability in terms of accuracy, 

precision/recall, and the F-measure.  

The evaluation indices, such as accuracy, precision/recall, and the F-measure, are 

widely used in the information retrieval domain. Accuracy is defined as the proportion 

of correctly predicted needs to all correctly and incorrectly predicted needs. Precision 

is defined as the proportion of predicted and ideal needs to all needs predicted. 

Precision considers all predicted needs and can be evaluated at a given cut-off rank by 

considering only the topmost results returned by a system. 

Recall is defined as the proportion of ideal needs predicted out of all ideal needs 

available. It is trivial to achieve 100% recall by returning all needs in response to any 

given time point. That is, recall alone is insufficient; that is, one needs to measure the 

number of irrelevant predicted needs. The F-measure is the weighted harmonic 

mean30 of precision and recall. The traditional F-measure or balanced F-score is also 

known as the F1 measure, in which recall and precision are evenly weighted. 

1. 
needs predictedy incorrectl andcorrectly  all

needs predictedcorrectly 
=Accuracy  

2. 
predicted needs all

needs ideal and predicted
Pr =ecision  

3. 
available needs ideal all ofout 

needs ideal and predicted
Re =call

 
 

4. 
Recall Precision 

Recall ×Precision  × 2
-

+
=measureF

 
 

 

(1) Convergence of Needs 

Supposedly, needs will converge according to the Markov property. This study 

simulates 30 rounds to verify the convergence for each stereotype at a given initial 

state of probability. Simulation results indicate that needs must be converged over a 

long-term period (e.g., roughly 13 rounds of prediction). The variation of needs tends 

to stabilize around 5 rounds but not completely converge (the probabilities still differ) 

                                                 
30 In mathematics, the harmonic mean (formerly called the subcontrary mean) is one of several kinds 
of averages. It is appropriate for situations when an rate average is required. see 
http://en.wikipedia.org/wiki/Harmonic_mean 
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for the ERG or Maslow approaches; that is, the Markov chain generates a general 

transition matrix with 5 time spots. This is also verifies the basic assumption of the 

Markov property which provides evidence of stability. 

For detailed comparison of the ERG and Maslow approaches, needs converge 

more smoothly for the ERG than Maslow regardless of stereotype. Conversely, needs 

fluctuate dramatically at roughly 4 rounds for extroverted and innovative types in the 

Maslow theory. Consequently, the performance of ERG is superior to Maslow, 

especially for extroverted and innovative types, and is not significant different from 

the regular type. That is, needs variations affect the convergent process. For example, 

regular type does not influence much, however the innovative type does. 
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Figure 5-13 Needs variation for stereotype “Regular” (ERG) 
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Figure 5-14 Needs variation for stereotype “Extroverted” (ERG) 
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Figure 5-15 Needs variation for stereotype “Innovative” (ERG) 

Stereotype Regular

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round

P
ro

ba
bi

li
ty

N1

N2

N3

N4

N5

 

Figure 5-16 Needs variation for stereotype “Regular” (Maslow) 

Stereotype Extroversion

0

0.1

0.2

0.3

0.4

0.5

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Round

P
ro

ba
bi

li
ty

N1

N2

N3

N4

N5

 

Figure 5-17 Needs variation for stereotype “Extroverted” (Maslow) 
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Figure 5-18 Needs variation for stereotype “Innovative” (Maslow) 

 

(2) Accuracy, Precision, Recall, and F-measure 

A. ERG Theory 

The evaluation indices are utilized to measure the performance of the ERG in 

terms of accuracy, precision/recall and the F- measure. The accuracies for three 

stereotypes are 0.9230769, 0.9230769, and 0.5384615. The Markov within ERG 

achieves highly prediction accuracy for the regular and extroverted types. However, 

the accuracy for the innovative type is only approximately 50%; this may be caused 

by frequently changing ideal needs. Another reason may be that the transition matrix 

is typically stable; that is, possible needs will be predicted steadily. 

 

Table 5-7 Accuracy for ERG 

ERG Accuracy 

Regular 0.9230769 

Extroverted 0.9230769 

Innovative 0.5384615 

 

Precision is the preciseness of predicted needs at given time points. Experimental 

results indicate that regular type has the highest precision rates (> 85%) at 13 time 

points. The precision rate for the extroverted type increases over time and attains a 

high precision rate gradually. However, the precision rates for the innovative type are 

unsteady at 13 time spots and always <60%. The reason is that the Markov chain 

tends to be stable and obtains incorrect predictions when needs frequently change. 

 Recall is the capability of a system to predict related/possible needs. The results 

demonstrate that all three stereotypes achieve >50% in recall rate for two-thirds of the 

time points (e.g., 86%, 80%, 50%). Regular and extroverted types increase linearly 
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and gradually; however, for the innovative type increase like steps on stairs. 
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Figure 5-19 Precision rate for three stereotypes (ERG) 

Due to the biased explanation of precision and recall, the F1-measure is most 

commonly utilized to verify performance since precision and recall are equally 

weighted. The results demonstrate that the Markov within the ERG has high-quality 

performance in predicting needs for regular (0.96) and extroverted (0.92) types. 

Moreover, the F1 values also increase gradually. However, the Markov within ERG 

has low-quality performance in predicting needs for innovative type (0.7), and the F1 

values for regular and extroverted are not significantly different. 
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Figure 5-20 Recall rate for three stereotypes (ERG) 
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Figure 5-21 F1-value for three stereotypes (ERG) 

 

B. Maslow Theory 

The accuracies for the three stereotypes are 0.6153846, 0.5384615, and 

0.4615385, respectively. The Markov within Maslow theory generates similar 

prediction rates for regular (62%) and extroverted (54%) types. However, the 

accuracy for innovative type is only about 46%, and may be caused by frequent and 

significant changes to ideal needs (e.g., more than one state changes, such as N1 

changed to N3 or N4 with 2 or 3 states changed). Another reason is that the transition 

matrix tends to be steady and possible needs will be predicted with stability. 

 

Table 5-8 Accuracy for Maslow 

ERG Accuracy 

Regular 0.6153846 

Extroverted 0.5384615 

Innovative 0.4615385 

 

Precision is the preciseness of predicted needs at given time points. The results 

reveal that all three stereotypes have low precision rates (roughly 60%) after 

two-thirds time points. The needs fluctuated changed abnormally for the three 

stereotypes at 13 time points. This demonstrates that Markov with Maslow can predict 

needs incorrectly either over the short or long term. 

Recall is the capability of a system to predict related/possible needs. The  

results suggest that all three stereotypes attained over 60% after two-thirds of the time 

points had passed. This means that the system predicts most related needs after 8 time 
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points (e.g., 70%, 50% and 53% for the regular, extroverted and innovative 

stereotypes, respectively) and no specific stereotype has high-quality performance in 

recall rate all the time. 
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Figure 5-22 Precision rate for three stereotypes (Maslow) 

The results of F1 values indicate that the Markov within Maslow achieves highly 

accurate performance in predicting needs for regular (0.76) and extroverted (0.7) 

types and has low performance in predicting needs of for the innovative type 

(0.63)—the F1 values for the three types were not significantly different.  
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Figure 5-23 Recall rate for three stereotypes (Maslow) 
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Maslow-F Measure
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Figure 5-24 F1-value for three stereotypes (Maslow) 

 

5.6. Summary 

 This study compared the performance measures for two outcomes to demonstrate 

that the ERG is superior to Maslow. Regular and extroverted types had significantly 

different precision rates (e.g., 25% and 46% for the regular type, and 31.7% and 57% 

for the extroverted type). The innovative type has approximately the same precision 

rate at each time point and also has abnormal needs variation, primarily focuses on 

high-level needs (e.g., E/G and N4/N5). In short, the precision rate is good for regular 

and extroverted types (the ERG is better than Maslow) and fair for the innovative type 

(both types are the same). That is, the precision rate of the Markov with ERG is 

superior to Maslow. 
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Figure 5-25 Comparison of ERG and Maslow for Precision (Regular) 
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Figure 5-26 Comparison of ERG and Maslow for Precision (Extroverted) 
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Figure 5-27 Comparison of ERG and Maslow for Precision (13 time spots for Innovative) 
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Figure 5-28 Comparison of ERG and Maslow for Precision (26 time spots for Innovative) 



 78

Stereotype (Innovative)

0

0.2

0.4

0.6

0.8

1

1.2

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79

Time

P
re

ci
si

o
n

ERG

Maslow

 

Figure 5-29 Comparison of ERG and Maslow for Precision (79 time spots for Innovative) 

In comparing recall rates, ERG performs good for the regular and extroverted 

types. The recall rates for regular and extroverted types with the ERG theory are 

always superior to Maslow. However, the recall rates for both Maslow and ERG 

fluctuate for the innovative type, even over the long term (e.g., 79 time points). 

The reason is that Markov chain has the property of stably convergent over the 

long term. The behavioral patterns of needs fluctuate frequently for innovative type 

(either with the ERG or Maslow theories); thus, the prediction for both theories 

matches ideal needs fragmentally. In other words, for innovative type users, the ERG 

performs reasonably well for recall rate over a long period, similar to the performance 

of the Maslow. 
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Figure 5-30 Comparison of ERG and Maslow for Recall (Regular) 
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Figure 5-31 Comparison of ERG and Maslow for Recall (Extroverted) 

Comparison of F1-measures, regular and extroverted types of results for ERG 

have higher F1 values than those obtained with Maslow. The differences are 

significant over the long term; for example, regular and extroverted are 0.2 and 0.21 

for each type, respectively. Conversely, the innovative type of Maslow is superior to 

ERG before two-thirds of the time points. However, the ERG performs well for 

innovative type over the long term, and is superior to that obtained by Maslow at time 

point 12 (0.74 > 0.67) and 13 (0.7 > 0.63).  

Owing to the insignificance of the F1- measure for both approaches, this study 

extends 13 time spots to 26 and 79 to observe their performance over the long term. 

The results indicate that the ERG is continually superior to the Maslow for 

F1-measure starting at time point 14 (e.g., 0.571429(ERG) > 0.5(Maslow) for 26 

rounds) and 31 (e.g., 0.46666(ERG) > 0.436364(Maslow) for 79 rounds). Hence, the 

Markov chain with ERG theory is superior to the Maslow theory for F1- measures 

over the long term. 
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Figure 5-32 Comparison of ERG and Maslow for Recall (13 time spots for Innovative) 



 80

Innovative

0

0.2

0.4

0.6

0.8

1

1.2

1 3 5 7 9 11 13 15 17 19 21 23 25

Time

R
ec

al
l

ERG

Maslow

 

Figure 5-33 Comparison of ERG and Maslow for Recall (26 time spots for Innovative) 
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Figure 5-34 Comparison of ERG and Maslow for Recall (79 time spots for Innovative) 
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Figure 5-35 Comparison of ERG and Maslow for F1-measure (Regular) 
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Figure 5-36 Comparison of ERG and Maslow for F1-measure (Extroverted) 
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Figure 5-37 Comparison of ERG and Maslow for F1-measure (13 time spots for Innovative 
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Figure 5-38 Comparison of ERG and Maslow for F1-measure (26 time spots for Innovative) 
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Figure 5-39 Comparison of ERG and Maslow for F1-measure (79 time spots for Innovative) 

In summary, evaluation results demonstrate the Markov chain combined with 

ERG theory is superior to the Maslow theory regardless of reliability and validity. 

This study evaluates reliability in terms of the convergence of needs and confirms the 

basic assumption of Markov property; that is, reliability has been proven. For validity 

assessment, this study utilizes certain metrics, such as accuracy, precision/recall, and 

F1-measure, to validate simulation results. 

Precision and recall rates demonstrate that ERG theory is superior to the Maslow 

theory for regular and extroverted types. However, analytical results also indicate that 

innovative type for ERG theory has at least the same prediction results as those 

obtained by Maslow. The F1-measure shows that ERG is superior to Maslow over a 

long period for the three stereotypes; in particular, the regular and extroverted types 

are significantly different. Thus, the Markov chain with ERG theory predicts better 
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than Maslow. 
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Table 5-9 The overall of evaluation indexes for ERG 

RegularRegularRegularRegular    
 

Initial 
1111    2222    3333    4444    5555    6666    7777    8888    9999    10101010    11111111    12121212    13131313    

IdealIdealIdealIdeal    1 0 1 0 0 1 0 0 1 0 2 1 0 0 

PredictionPredictionPredictionPrediction    1 0 0 0 0 0 0 0 0 0 0 0 0 0 

PrecisionPrecisionPrecisionPrecision     100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 90.00% 90.91% 91.67% 92.31% 

RecallRecallRecallRecall     8.33% 16.67% 25.00% 33.33% 41.67% 50.00% 58.33% 66.67% 75.00% 75.00% 83.33% 91.67% 100.00% 

FFFF----ValueValueValueValue      0.153846 0.285714 0.4 0.5 0.588235 0.666667 0.7368421 0.8 0.857143 0.818182 0.869565 0.916667 0.96 

ExtroversionExtroversionExtroversionExtroversion    
 

Initial 
1111    2222    3333    4444    5555    6666    7777    8888    9999    10101010    11111111    12121212    13131313    

IdealIdealIdealIdeal    2 2 1 0 0 1 1 0 0 1 1 2 0 0 

PredictionPredictionPredictionPrediction    2 0 0 0 0 0 0 0 0 0 0 0 0 0 

PrecisionPrecisionPrecisionPrecision     0.00% 50.00% 66.67% 75.00% 80.00% 83.33% 85.71% 87.50% 88.89% 90.00% 81.82% 83.33% 84.62% 

RecallRecallRecallRecall     0.00% 9.09% 18.18% 27.27% 36.36% 45.45% 54.55% 63.64% 72.73% 81.82% 81.82% 90.91% 100.00% 

FFFF----ValueValueValueValue      0 0.153846 0.285714 0.4 0.5 0.588235 0.6666667 0.736842 0.8 0.857143 0.818182 0.869565 0.916667 

InnovInnovInnovInnovativeativeativeative    Initial 1111    2222    3333    4444    5555    6666    7777    8888    9999    10101010    11111111    12121212    13131313    

IdealIdealIdealIdeal    2 2 2 0 1 1 2 0 1 2 2 2 2 0 

PredictionPredictionPredictionPrediction    2 2 1 2 2 2 2 2 2 2 2 2 2 2 

PrecisionPrecisionPrecisionPrecision     100.00% 100.00% 66.67% 50.00% 40.00% 50.00% 42.86% 37.50% 44.44% 50.00% 54.55% 58.33% 53.85% 

RecallRecallRecallRecall     14.29% 28.57% 28.57% 28.57% 28.57% 42.86% 42.86% 42.86% 57.14% 71.43% 85.71% 100.00% 100.00% 

FFFF----ValueValueValueValue      0.25 0.444444 0.4 0.363636 0.333333 0.461538 0.4285714 0.4 0.5 0.588235 0.666667 0.736842 0.7 
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Table 5-10 The overall of evaluation indexes for Maslow 

RegularRegularRegularRegular    
 

Initial 
1111    2222    3333    4444    5555    6666    7777    8888    9999    10101010    11111111    12121212    13131313    

IdealIdealIdealIdeal    2 0 2 0 0 2 0 0 2 0 3 2 0 0 

PredictionPredictionPredictionPrediction    2 0 0 0 0 0 0 0 0 0 0 0 0 0 

PrecisionPrecisionPrecisionPrecision     100.00% 50.00% 66.67% 75.00% 60.00% 66.67% 71.43% 75.00% 66.67% 60.00% 54.55% 58.33% 61.54% 

RecallRecallRecallRecall     12.50% 12.50% 25.00% 37.50% 37.50% 50.00% 62.50% 62.50% 75.00% 75.00% 75.00% 87.50% 100.00% 

FFFF----ValueValueValueValue      0.222222 0.2 0.363636 0.5 0.461538 0.571429 0.6666667 0.681818 0.705882 0.666667 0.631579 0.7 0.761905 

ExtroversionExtroversionExtroversionExtroversion    
 

Initial 
1111    2222    3333    4444    5555    6666    7777    8888    9999    10101010    11111111    12121212    13131313    

IdealIdealIdealIdeal    3 4 3 2 0 2 0 0 0 2 2 3 2 0 

PredictionPredictionPredictionPrediction    3 0 0 2 0 0 0 2 2 2 2 2 2 2 

PrecisionPrecisionPrecisionPrecision     0.00% 0.00% 33.33% 50.00% 40.00% 50.00% 42.86% 37.50% 44.44% 50.00% 54.55% 58.33% 53.85% 

RecallRecallRecallRecall     0.00% 0.00% 14.29% 28.57% 28.57% 42.86% 42.86% 42.86% 57.14% 71.43% 85.71% 100.00% 100.00% 

FFFF----ValueValueValueValue      0 0 0.2 0.363636 0.333333 0.461538 0.4285714 0.4 0.5 0.588235 0.666667 0.736842 0.7 

InnovativeInnovativeInnovativeInnovative    Initial 1111    2222    3333    4444    5555    6666    7777    8888    9999    10101010    11111111    12121212    13131313    

IdealIdealIdealIdeal    3 3 4 0 2 2 3 1 3 4 2 3 4 0 

PredictionPredictionPredictionPrediction    3 3 3 2 3 3 3 3 2 2 2 2 2 2 

PrecisionPrecisionPrecisionPrecision     100.00% 100.00% 66.67% 50.00% 40.00% 50.00% 42.86% 50.00% 44.44% 50.00% 54.55% 50.00% 46.15% 

RecallRecallRecallRecall     16.67% 33.33% 33.33% 33.33% 33.33% 50.00% 50.00% 66.67% 66.67% 83.33% 100.00% 100.00% 100.00% 

FFFF----ValueValueValueValue      0.285714 0.5 0.444444 0.4 0.363636 0.5 0.4615385 0.571429 0.533333 0.625 0.705882 0.666667 0.631579 


