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ABSTRACT 

Changes occur rapidly in a competitive global marketplace. Corporations need to widen the 

gap between themselves and their competitors. They strive for prosperity, using the increased 

creativity of new products to elevate their level of competition. Any new product development 

process is called a project. Project risks arise mainly from future uncertainty, and new product 

and service development projects involve the most uncertainty and therefore the highest risk. 

However, if the project team has gained experience from similar projects, the risk to the project 

drastically declines. Specifically, member experience and project risk are inversely correlated. 

Therefore, the principle of project management is to assign experienced members to execute 

familiar work. This study aims to establish a mathematical model that uses member experience 

to minimize project uncertainty. The nonlinear model assigns members with different 

experience levels to the most suitable tasks in order to minimize project risk, and thus 

maximize project success rates, while accounting for budget constraints and communication 

complexity. An experimental case is presented to demonstrate the applicability of the proposed 

model, and results indicate that, under cost and communication complexity constraints, project 

uncertainty can be minimized by appropriately allocating team members to suitable tasks. 
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INTRODUCTION 

Changes occur rapidly in a competitive global marketplace. Corporations continually create 

and promote new products to widen the gap between themselves and their competitors. They 

strive for prosperity, using the increased creativity of new products to elevate their level of 

competition. Any new product development process is called a project. A project is considered 

a complex system (Ellinas, Allan, & Johansson, 2016) that involves systemic risk. Therefore, 

with new product development, two unique problems occur: 1) uncertainty in research and 

development processes and 2) members’ unfamiliarity with the new product. These decrease 

the chances of on-time project completion. Reducing project uncertainty increases the 

likelihood of a project goal being met. Therefore, assigning personnel to tasks relevant to their 

experience is essential to the success of project management practices. Because member 

experience and payment are positively correlated, the number of team members directly 

affects the communication complexity. Typically, the best candidate members are preoccupied 

with other projects, and this can be attributed to constrained human resources as well as the 

high experience level of such members. Therefore, corporations should pursue a more 

feasible project management mechanism. Such a mechanism must properly delegate 

members to the most appropriate project task while considering overall cost and 

communication efficiency to reduce project uncertainty. This study aims to develop a 

quantitative mathematical model that considers project cost and member communication 

complexity to assign members with different experience levels to the most suitable tasks, thus 

minimizing project uncertainty and elevating project success rates. 
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LITERATURE REVIEW 

Project and Project Management 

Projects are generally divided into five stages: (1) project initiation, wherein the primary task is 

defining the project scope and allocating available resources; (2) project planning, wherein a 

comprehensive plan for execution is develops on the basis of project needs, such as 

delegating members and developing a schedule; (3) project execution, wherein the project 

plan is executed; (4) project performance and control, wherein project progress and quality are 

monitored; and (5) project close, wherein project results and plans are compared to confirm 

that the results have met project requirements (Yeh, 2012). A comprehensive management 

method of these five stages ensures project success. Kerzner (2013) stated 16 points 

regarding project management. A good practice requires effective planning and management 

of project cost and time. Additional vital aspects include member selection, delegation, and 

communication. Therefore, successful completion of high-risk tasks relies heavily on a project 

manager’s skills at utilizing project management methods, assembling members of various 

professions, delegating members to appropriate tasks, and distributing tasks accordingly 

(Highsmith, 2009; Katz and Allen, 1985; Pinto and Slevin, 1988). 

Risk 

Risk can be defined differently based on different tasks; for example, it can be used to explain 

any possible event or action that will affect an organization, or it can also be used to explain a 

result that is worse than expected (McNeil, Frey, & Embrechts, 2010). A new project with 

uncertainty may produce some negative outcomes. Therefore, development of a new project 

inevitably involves risk (Dey and Ogunlana, 2004). Risk arises from various complex and 

unpredictable problems including weather, human error, and information loss. In particular, 

changes in the external environment pose a risk to organizations, and internal team efficiency 
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is also a critical factor 9 (Dey, 2010). Hence, corporations employ various methods to analyze 

complex risk exposures (Hsu, Tseng, Chiang, & Chen, 2012; Nieto-Morote and Ruz-Vila F, 

2011). However, in general, corporations cannot define risk clearly upon initiating a project and 

signing a hedge futures contract (Motiar, Rahman, and Kumaraswamy, 2005). Effective risk 

management potentially decreases risk losses. Corporations face unpredictable external 

factors and must continually examine available external sources for information to make 

detailed plan adjustments (Pich, Loch, & Meyer, 2002). By contrast, internally, effective 

member delegation requires assigning employees to the most appropriate tasks. Successful 

placement improves communication and increases team performance. Risk management is 

valuable in a globally competitive industrial environment, and project risk management 

includes risk definition, risk analysis, and risk contingency. In short, risk management 

methodology requires a proper mechanism to lower the probability of risks (Fan, Lin, & Sheu, 

2008). Moreover, uncertainty affects risk management (Jun, Qiuzhen, & Qingguo, 2011). 

Projects are executed by humans, whose experience can reduce project uncertainty. 

Therefore, a quantitative model is required to delegate the most suitable project member 

having the necessary experience to the most familiar task in order to lower project risk. 

Uncertainty 

Uncertainty is a situation that cannot be accurately described because of limited knowledge. 

This could be a situation regarding a current state or a future outcome. Because projects are a 

future endeavor, they may involve a certain level of uncertainty. Studies have indicated that a 

project’s success or failure depends largely on human factors, with technology playing only a 

minor role (Belput and Gauvreau, 2004; Lechler, 1998). Additionally, member experience and 

task responsibilities can correlate strongly; if the tasks can be coped with because of similar 

experience, then task uncertainty can be lowered, risk can be reduced, and the success rate 

can be increased. The relation between member experience and uncertainty is illustrated in 
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Figure 1 (Chin, 2004), where the curve implies the relationship between experience and 

uncertainty for a specific task, ei represents the experience of member i, and ui indicates the 

uncertainty level of the task conducted by member i.  

 

Figure 1 Member Experience and Task Uncertainty 

A project’s success or failure can be evaluated from four aspects: project performance, project 

effect on client, project influence on enterprise operation, and project effect on enterprise 

development (Shenhar, Dvir, Levy, & Maltz, 2001). The key factor affecting the results of these 

four aspects is uncertainty. Mathiassen and Pedersen (2008) divided uncertainty into 15 

categories, with issues produced by humans constituting a large portion of them; these issues 

are traditionally addressed by problem-solving skills. Similarly, members with identical 

experience to their assigned tasks predictably exhibit highly effective problem-solving skills. 

Although human-created errors can be lowered with member training (Saarinen and 

Vepsäläinen, 1993), not assigning jobs to team members with similar prior experience can 

create unpredictable problems that occur during project implementation, potentially leading to 

project failure. Therefore, employing an effective model for assigning project members to 
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suitable tasks is imperative. This study provides an effective mathematical model to solve this 

particular problem. 

MODEL FORMULATION 

A set of project tasks j with different characteristics are assigned to a group of members i with 

different experience levels; thus, different uncertainty levels are produced when different 

members perform different tasks, and the personnel cost is also different. The total budget of 

the project is specified as C. To prevent communication problems stemming from the 

excessive number of team members, the communication complexity threshold is set as M. The 

project manager is tasked with finding the most appropriate member–task delegation to 

minimize the project overall uncertainty level U. Because the number of communication 

channels positively corresponds with the number of people squared, this study assumes that 

project communication complexity is positively correlated with the number of project members 

squared, with each task executed by at least one member. The problem can now be expressed 

as the following mathematical model: 

Minimize Project uncertainty 

Constraints Cost ≦ total budget 

 Communication complexity ≦ threshold 

i.e.,  

Min 
 


n

j

m

i

ijijuxU
1 1

 (1) 
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where uij is the uncertainty level of member i executing task j, and uij = f(eij); cij represents the 

cost of member i executing task j, and cij = f(eij); eij indicates the experience level of member i 

executing task j.  

CASE IMPLEMENTATION 

In this section, we present a sample case to assess the applicability of the model. Five 

members with different experience levels are assigned to a project involving four tasks; the 

total budget is specified as 5, and the communication complexity threshold is set as 16 (B = 5; 

M = 16). The uncertainty curve of the four tasks is assumed to be uij = 12.311e-0.766e
ij; uij = 

10.4e-0.5*e
ij; uij = 9.2e-0.6e

ij; and uij = 11.5e-0.766e
ij (Figure 2). The expected cost function for the 

tasks is assumed to be cij = 0.1e0.766e
ij; cij = 0.2e0.5e

ij; cij = 0.3e0.6e
ij; and cij = 0.4e0.766e

ij. Table 1 

presents the experience levels in relation to the tasks for the five members. The challenge is 

determining which member should undertake which task in order to minimize overall 

uncertainty while meeting the budget and communication constraints. 
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Figure 2 Uncertainty Curve for Sample Tasks 

Table 1 Experience Level of Sample Case 

B 5 

M 16 

 Task 1 Task 2 Task 3 Task 4 

eij 

e11 e21 e31 e41 e51 e12 e22 e32 e42 e52 e13 e23 e33 e43 e53 e14 e24 e34 e44 e54 

5 3 1 5 4 2.5 5 3 2.5 2.5 7 7 5 4 0.5 4 4 4 1.5 3 

Applying Table 1 to Equation (1) leads to Equation (2): 

Min (x11u11+x12u12+x13u13+x14u14)+(x21u21+x22u22+x23u23+x24u24) (2) 

+(x31u31+x32u32+x33u33+x34u34)+(x41u41+x42u42+x43u43+x44u44) 
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+(x51u51+x52u52+x53u53+x54u54) 

S.T. (x11c11+x12c12+x13c13+x14c14)+(x21c21+x22c22+x23c23+x24c24) 

+(x31c31+x32c32+x33c33+x34c34)+(x41c41+x42c42+x43c43+x44c44) 

+(x51c51+x52c52+x53c53+x54c54) 5 

((x11+x12+x13+x14)+(x21+x22+x23+x24)+(x31+x32+x33+x34)+(x41+x42+x43+x44)+(x51+x52+x53+x54)

)2 16 

x11+x21+x31+x41+x511 

x12+x22+x32+x42+x521 

x13+x23+x33+x43+x531 

x14+x24+x34+x44+x541 

1,0ijx  

Equation (2) can be solved using LINGO software, and the minimum uncertainty level is 

obtained as U = 2.2. Member 2 is assigned to Tasks 2 and 4, Member 3 is assigned to task 3, 

and Member 4 is assigned to Task 1. The expected total cost is 21.6, which is below the 

budget 25, and the total communication complexity is 9, which is lower than the threshold. 

Figure 3 illustrates the details. Table 2 presents the results of the sample case. When 

overloading is not a concern, the model assigns tasks to members with higher experience 

levels to yield the lowest possible uncertainty level.  
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Figure 3 Assignments of Members to Tasks 

Table 2 Results of Sample Case 

B 25 

M 16 

 Task 1 Task 2 Task 3 Task 4 

eij 

e11 e21 e31 e41 e51 e12 e22 e32 e42 e52 e13 e23 e33 e43 e53 e14 e24 e34 e44 e54 

5 3 1 5 4 2.5 5 3 2.5 2.5 7 7 5 4 0.5 4 4 4 1.5 3 

uij 

u11 u21 u31 u41 u51 u12 u22 u32 u42 u52 u13 u23 u33 u43 u53 u14 u24 u34 u44 u54 

0.3 1.8 6 0.3 0.6 3 0.9 2.3 3 3 0.1 0.1 0.5 0.8 6.8 0.5 0.5 0.5 3.6 1.2 

cij 

c11 c21 c31 c41 c51 c12 c22 c32 c42 c52 c13 c23 c33 c43 c53 c14 c24 c34 c44 c54 

4.6 0.7 0.2 4.6 2.1 0.7 2.4 0.9 0.7 0.7 20 20 6 3.3 0.4 8.6 8.6 8.6 1.3 4 

A Member 4 Member 2 Member 3 Member 2 

m 9 

u 2.2 

c 21.6 
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A: assignment of members; m: communication complexity of the assignment; u: total uncertainty of the assignment; c: total cost of the 

assignment 

Table 2 indicates that Member 2 is assigned to two tasks: Tasks 2 and 4. To avoid overloading, 

the constraint that one member can only be responsible for one task can be added to Equation 

(2), and the following updated model can be derived.   

Min (x11u11+x12u12+x13u13+x14u14)+(x21u21+x22u22+x23u23+x24u24) (3) 

+(x31u31+x32u32+x33u33+x34u34)+(x41u41+x42u42+x43u43+x44u44) 

+(x51u51+x52u52+x53u53+x54u54) 

S.T. (x11c11+x12c12+x13c13+x14c14)+(x21c21+x22c22+x23c23+x24c24) 

+(x31c31+x32c32+x33c33+x34c34)+(x41c41+x42c42+x43c43+x44c44) 

+(x51c51+x52c52+x53c53+x54c54) 5 

((x11+x12+x13+x14)+(x21+x22+x23+x24)+(x31+x32+x33+x34)+(x41+x42+x43+x44)+(x51+x52+x53+x54)

)2 16 

x11+x21+x31+x41+x511 

x12+x22+x32+x42+x521 

x13+x23+x33+x43+x531 

x14+x24+x34+x44+x541 

x11+x12+x13+x141 

x21+x22+x23+x241 

x31+x32+x33+x341 

x41+x42+x43+x441 

x51+x52+x53+x541 

1,0ijx  
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Using Lingo to solve the modified equation reveals that the minimum uncertainty level is U = 

2.2; moreover, Member 1 is assigned to Task 4, Member 2 is assigned to Task 2, Member 3 is 

assigned to Task 3, and Member 4 is assigned to Task 1. The total cost is 21.6, which is also 

within the budget C = 25. In addition, the communication complexity is 16, which is exactly the 

same as the threshold value M = 16. Figure 4 depicts member assignment with overloading 

constraints, and Table 3 lists the detailed results.  

 

Figure 4 Assignments of Members to Tasks with Overloading Constraints 
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Table 3 Results of Sample Case with Overloading Constraints 

B 25 

M 16 

 Task 1 Task 2 Task 3 Task 4 

eij 
e11 e21 e31 e41 e51 e12 e22 e32 e42 e52 e13 e23 e33 e43 e53 e14 e24 e34 e44 e54 

5 3 1 5 4 2.5 5 3 2.5 2.5 7 7 5 4 0.5 4 4 4 1.5 3 

uij 
u11 u21 u31 u41 u51 u12 u22 u32 u42 u52 u13 u23 u33 u43 u53 u14 u24 u34 u44 u54 

0.3 1.8 5.7 0.3 0.6 3 0.9 2.3 3 3 0.1 0.1 0.5 0.8 6.8 0.5 0.5 0.5 3.6 1.2 

cij 
c11 c21 c31 c41 c51 c12 c22 c32 c42 c52 c13 c23 c33 c43 c53 c14 c24 c34 c44 c54 

4.6 0.7 0.2 4.6 2.1 0.7 2.4 0.9 0.7 0.7 20 20 6 3.3 0.4 8.6 8.6 8.6 1.3 4 

A Member 4 Member 2 Member 3 Member 1 

m 16 

u 2.2 

c 21.6 

Figure 4 and Table 3 indicate that when overloading is to be avoided, the model assigns Task 

4 to Member 1 instead of Member 2 to ensure that Member 2 is not fatigued. Moreover, 

because the uncertainty level and cost required for Members 1 and 2 to conduct Task 4 are 

exactly the same, the overall uncertainty level and cost are identical in both cases. However, 

because the number of members is 3 when overloading is permitted, the communication 

complexity is much lower than that with the 4-member team, where overloading is disallowed.  

CONCLUSION 

Projects are composed of various tasks that require members with different backgrounds and 

experience levels, and are widely used to collectively solve problems and realize opportunities. 

Consequently, organizational project capability is crucial to an enterprise achieving and 

maintaining a competitive advantage. A vital aspect of project management is assigning the 

most suitable personnel to perform tasks; the quality of this step can be influenced by various 

factors including tightness of human resources, preferences of the project manager, and 

assignment of members by line managers. Moreover, work experience does not only imply 
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seniority, but also indicates one’s capability of successfully completing an assigned task. 

Specifically, experience in this study refers to the ability of reducing task uncertainty, and 

subsequently improving the task success rate. However, assigning experienced personnel to 

undertake specific tasks may cost more because competency is typically directly proportional 

to the level of wage. Therefore, this study combines experience, uncertainty, communication 

complexity, and cost to form a nonlinear mathematical model that can minimize project 

uncertainty by assigning the most suitable personnel to the tasks they are most familiar with 

under budget constraints and within a communication complexity threshold. We believe this to 

be the first attempt to forming a project team by concurrently considering the above factors. A 

sample case is presented to demonstrate the applicability of the model, and is applied to two 

different situations (with overloading and without overloading). When overloading is allowed, 

the model assigns members to undertake more than one task. By contrast, when overloading 

is disallowed, the model assigns one member to one task; thus, communication becomes more 

complex than in the overloading case. The results of the sample case indicate that the 

proposed model can help project managers allocate team members to reduce project 

uncertainty, and thereby improve project success rates.  
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