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Abstract. Financial costs of investing in people is associated with training, acquisition, recruiting, and resolving human errors 
have a significant impact on increased total ownership costs.  These costs can also affect the exaggerate budgets and delayed 
schedules. The study of human performance economical assessment in the system acquisition process enhances the visibility of 
hidden cost drivers which support program management informed decisions. This paper presents the literature review of hu-
man total ownership cost (HTOC) and cost impacts on overall system performance. Economic value assessment models such 
as cost benefit analysis, risk-cost tradeoff analysis, expected value of utility function analysis (EV), growth readiness matrix, 
multi-attribute utility technique, and multi-regressions model were introduced to reflect the HTOC and human performance-
technology tradeoffs in terms of the dollar value. The human total ownership regression model introduces to address the in-
fluencing human performance cost component measurement. Results from this study will increase understanding of relevant 
cost drivers in the system acquisition process over the long term. 
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1.  Introduction 

During economic recession, cost estimation be-
comes one of the most important tasks in managing 
both government agencies and businesses funds. Or-
ganizations generally try to minimize running costs 
and maximize their performance and return on in-
vestment [ HYPERLINK \l "Ahr9b" 1 ]. Total own-
ership cost (TOC) is defined as the actual costs asso-
ciated with business during operation2]}. It is also 
explained as the overall costs of the entire life cycle 
of a system [ HYPERLINK \l "Bou" 3 ]. In terms of 
government perspective, Gansler (1998) 4] }  de-
scribed that “TOC is the sum of all financial re-
sources necessary to organize, equip, train, sustain, 
and operate military forces sufficient to meet nation-
al goals in compliance with all laws, all policies ap-
plicable to DoD, all standards in effect for readiness, 
safety, and quality of life, and all other official meas-
ures of performance for DoD and its components. 
DoD TOC is comprised of [sic] costs to research, 
develop, acquire, own, operate, and dispose of wea-
pon and support systems, other equipment and  

 
real property, the costs to recruit, train, retain, sepa-
rate and otherwise support military and civilian per-
sonnel, and all other costs of business operations of 
the DoD”. TOC metrics show the actual expenditures 
and comparison of future cost planning. It is used in 
identifying the sorted list of high cost drivers and for 
managing system TOC to forecast the budget which 
can support decision making in high-level manage-
ment [ HYPERLINK \l "Hit98" 2 ]. 

According to USAF, all high costs are not due to 
hardware, but are associated with training costs and 
changes in policies, processes and procedures. One 
automobile manufacturer found a seven-track metho-
dology (people, organizational systems, processes, 
work environment, skill/knowledge, job aids/tools, 
products and supporting technology) in addition to 
training employee held solutions for complex human 
and technology performance issues. Employees were 
able to leverage the value of technology, but the cost 
of training and maintaining personnel skills were 
higher than their expectations.  
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As a result, organizations attempt to maximize the 
value of total technology-human asset infrastructure 
in order to reduce cost in the long term [5]. 

Hoffman [6] has defined acquisition costs are the 
exaggerated cost at the expenditure of lifecycle costs 
where products are designed and developed. The 
decision makers should carefully consider the total 
ownership cost (TOC). The cognitive tendencies are 
over emphasized on acquisition costs which are fre-
quently driven by production misalignment and li-
mited evaluation on the design decisions during life-
cycle costs. As a result, delivering the asset or prod-
ucts drive the higher TOC. Additionally, the technol-
ogy and functionality decisions are made with in-
complete insight of cost implications, and biased 
procurement decisions that have negative impact on 
the entire of system. There are several constraints 
that add to the difficulty of quantifying the effect of 
design decisions on TOC. These include undefined 
boundaries analysis, soft cost driver factors (human 
value, nonlinear relationship and second order im-
pact), inconsistent data, management accounting and 
unknowns influenced by technology and applications 
including underestimated costs. The misidentification 
of human cost has negative impacts on the system 
design, training, recruiting and mission-goal 
achievement; consequently, the total of system per-
formance decreases dynamically over time [6,7]. 

Hoffman [8] stated that misestimating of the hu-
man factors impact costs increase the rate of software 
procurement failure and slipped schedule. The statis-
tics specified a miserable record, showing the ex-
penditure of billions of dollars for technologies that 
are ineffective and insufficient and at times unable to 
perform the task. 

As a result, human factors need to be addressed to 
some degree to achieve the specific process needs 
which can support to produce the desired outputs 
focusing on costs associated with human factors 
(human capability, human reliability, decision mak-
ing) in terms of human performance in order to re-
duce the risk and uncertainty and total ownership 
cost for the long run. The total ownership cost should 
contain not only the product life cycle cost, training 
cost and cost of technology but also of human cha-
racteristic impact cost.  Integrating the knowledge of 
economics, human factors and system engineering 
aspects to identify the hidden costs associated with 
human performance will gain understanding on hu-
man total ownership cost (HTOC).  Establishing the 

human total ownership cost measurement and metrics 
will benefit the organization in decision making and 
prevention of system failure.   

This paper is organized as follows. First, the back-
ground and literature summary of studies on human 
total ownership cost (HTOC) are represented. The 
scope of the HTOC and what it should consist of are 
specified. Second, the economic assessment value 
model (EAV) is articulated. The economic model 
addresses associated costs to achieve the targeted 
human performance which will reflect HTOC in term 
of dollars. Finally, the multi-regression of HTOC is 
illustrated based on human performance influencing 
factors involving human factor impact, task complex-
ity, human error, information, training, recruiting and 
environment factors impact. The EAV will be the 
solution approach for capturing the entire system 
which provides better visibility of hidden costs for 
the decision maker. 

2.  Background and literature summary 

Traditionally, human resource accounting (HRA) 
is employed to quantify the economic value of people 
and measure the intellectual asset in order to provide 
information and data for corporate management level 
[9]. Three types of HRA measurement models are 
commonly implemented in service organizations 
which are:  cost models, HR value models and mone-
tary models. However, there is no evidence to sup-
port the long term success of these models [10]. Re-
searchers have proposed several tools and models to 
quantify the human cost. Those models are still ques-
tionable in validity, reliability and generalizability.  

The human total ownership cost (HTOC) is intro-
duced and described as associated with the total 
ownership cost involving the cost of acquisition, 
staffing, training cost, re-training cost, cost of recruit-
ing, salary during training, cost of training support 
and cost of human error (error frequency average 
costs as a percentage of revenue). Costs increase 
upon initial cognitive systems engineering activities 
in the design and development phase [6]. Zachary 
[11] has defined that human costs are initiated or 
exacerbated by user-centered design approaches. 
Cognitive task analysis is determined as an extrane-
ous variable. It is indicated as a weak procedure and 
executed at project outset as a one-off activity.  
HTOC should include the cost of retaining, cost of 
training, cost of recruiting, and training additional 
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people to replace the trainees who leave. As a result, 
the inadequate cost estimation and inappropriate de-
cisions in the initial phase have a negative impact on 
the entire organization. 

Hoffman [6] defined the HTOC as the associated 
costs with the procurement from the beginning of 
technology development projects to human system 
integration (cognitive engineering).  Quantification of 
HTOC should concern 1) content quality and efficacy 
2) communication effectiveness 3) risk management 
and 4) traceability. HTOC and cognitive engineering 
should be generalized into the large-scale organiza-
tion. HTOC should consider safety aspects (system 
safety and battlefield survivability), readiness (readi-
ness performance on mission) and mission success 
(the probability to complete the mission/project). 
However, these elements may be difficult to measure 
in both of conception and practice.  While, Burns also 
identified the challenge for human factors in system 
acquisition particularly the life cycle sustainment 
outcome metrics. Essentially, HTOC has directly 
influenced into the human performance as the out-
come of system design. 

The National Air-space System (NAS) moderniza-
tion program has attempted to develop decision sup-
port tools (e.g. traffic management advisor), changing 
procedural, and process to improve soft-
ware/hardware and advance technology. All these 
missions directly affect both of operational users and 
maintenance staff. As a result, the user needs, their 
characteristics and human factor costs are considered 
for all programs. They also specify the 18 relevant 
cost components regarding human factors including 
1) designer cost, 2) programmer cost, 3) human fac-
tor staff cost, 4) laboratory cost, 5) participant cost, 
6) subject matter expert cost, 7) user needs assess-
ment cost, 8) concept studies cost, 9) prototype and 
usability assessment costs, 10) modeling and fast-
time simulations cost, 11) real-time human-in-the-
loop simulation cost, 12) experiment/study plan de-
velopment cost, 13) scenario development cost, 14) 
scenarios shakedown cost, 15) final simulation cost, 
16) data collection cost, 17) data analysis cost, and 
18) final report development cost. They introduced 
three different human factors cost estimation ap-
proaches as follow [12]: 
� Expert judgment approach (cost estimation 

committee) 
� Parametric cost estimation approach (based on 

type of human factor impact, type of studies) 

� Cost estimation based on a heuristics approach 
 

The impacts of HTOC on design and procurement 
were articulated in Table 1. HTOC analysis must be 
completed in initial phase of product life cycle in 
order to reduce the uncertainty of TOC for the entire 
system even though measuring the human total own-
ership cost involves the high degree of complexity 
and qualitative factors.  

Typically, the economic value of intelligence is the 
dollar premium that a business is willing to pay for 
intelligence where a financial performance is metric 
for intelligence employees within the context of the 
job at hand [13]. Therefore, HTOC can be deter-
mined as the willingness to pay on the human for 
enhancing one unit of human performance during 
operation. Estimating the HTOC can provide the vi-
sibility into cost drivers associated with human per-
formance which is useful to manage the budget and 
support making decisions to make the right decision 
in right time with right input.  

However, the study on HTOC and measurement 
need the empirical data, historical database, and vari-
ous parameters of element acquisition which may 
seem expensive in the initial phase, but the know-
ledge and data from estimating costs and human per-
formance would be of benefit for budget manage-
ment, alternative selection of technology, monitoring 
performance during the operation process, simulating 
the feasible maintenance solution and balancing of 
capabilities and affordability. The economic value 
assessment models (i.e. cost effectiveness analysis, 
cost benefit analysis, risk-cost trade-off analysis, 
expected value of utility function analysis, growth 
readiness matrix, multi-regression model) are initial-
ly good tools and techniques to quantify human total 
ownership cost. 

3. Economic assessment value model (EAV) 

Several economic models and techniques have 
been developed to assess the benefit and cost for 
supporting the decision makers and quantifying the 
uncertainty and level of technology. Although HTOC 
is difficult to quantify in term of monetary value, 
particularly the human factors impact costs such as 
cognition, physical, sensory, perceptual and skill, the 
authors attempt to find the appropriate economic 
model of human total ownership cost involving  cost 
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effective analysis (CEA), cost benefit analysis (CBA), 
risk-cost tradeoff analysis, expected value of utility 
function analysis (EV), growth readiness matrix and 

multi-regression model to reflect human-value, tech-
nology tradeoffs and human performance in term of 
dollar value. 

 

Table 1: The impact of human cost of ownership on design and procurement 

(Adapted from Hoffman [6]) 

Human Factor Design problems 
 

Financial footprint, longer-term impact 

Training Poor designs are harder to learn Training takes longer and might increase 
wash-outs, both of which increase costs 

Recruitment User frustration and training wash-outs means more recruit-
ment 

Recruitment become more difficult and 
takes longer, costing more 

Frustration People’s engagement with their work is decreased by tools that 
are not usable, useful and understandable 

Work output falls and work attrition in-
creases, leading to need for more people to 
maintain productivity(attendant costs) 

Performance cost Poor designs increase errors of various kinds Error mitigation costs accumulate and 
increase 

Opportunity cost Longer training, recruitment processes result in positions going 
unfilled for longer times 

Mission goals and customer needs aren’t 
achieved; competitors might benefit 

Reliability cost Increased  reliability reduces human total ownership cost The higher the human reliability the better 
the overall performance and the lower the 
total ownership cost spending 

3.1. Cost Benefits Analysis (CBA) 

Cost benefit analysis (CBA) is used to compare the 
benefits and losses associated with different options. 
The relevant factors have to be expressed in monetary 
terms.  It is implemented within many problems es-
pecially for minimizing total cost and cost compari-
son. Whalen [13] suggested that an intelligent con-
structed system must provide a better cost/benefit 
ratio than any combination of human being(s) and 
unintelligent constructed system(s). The best 
cost/benefit ratio is not necessarily the smartest one, 
but it will be the system-human integration that max-
imizes performance. As a result, this analysis can be 
applied to evaluate and quantify HTOC in terms of 1) 
Cost of technology vs. human performance and cost 
of technology vs. learning curve 2) Cost of technolo-
gy vs. risk reduction, 3) Cost of training vs. human 
performance, and 4) Associated costs on human per-
formance (training, technology, information, safety 
(T2IS) and system readiness). The example of reduc-
tion in total ownership cost (R-TOC) by using the 
CBA with the expected net benefit per dollar of in-
vestment is illustrated in Figure 1 [14].  

Boudreau [3] also used the CBA for reduction in 
total ownership cost within military. The result shows 
the effectively reducing TOC and increasing the war-
fighter’s capabilities when the funding is adequately 
provided in acquisition phase or in the operation sys-
tem phase. Figure 2 illustrates the sample of  

 
 
CBA between the human performance and cost of 
technology and learning curve regarding HTOC. 
 

 

Fig. 1: The cost benefit analysis between R-TOC and Investment 
(Adapted from [14]) 

 

 
 
Fig. 2: The Example of cost benefit analysis conducted to assess 
human performance in technology learning curve versus invest-
ment.  
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3.2. Risk-cost trade-off analysis 

Risk-cost tradeoff analysis is used to assess the 
risk and relevant costs associated with various tech-
nology platforms which related to human perfor-
mance requirements. It is explained as one unit of 
human performance improvement is compared with 
the increase in marginal cost. The cost-performance 
integrated product teams (CPIPTs) is one application 
of trade-offs analysis that reflects the reduction TOC, 
performance, and cost. CPIPTs illustrate reducing 
TOC at the price of reduced performance and system 
TOC. For instance, a high-maintenance, low-
availability, and cutting-edge system may be traded-
off to a future renovation, technology maturity, sys-
tem reliability improvement, and ultimately life cycle 
cost will be reduced. While schedule trade-offs in 
technology refers to increase test and evaluation, in-
tegrate critical software function, and eliminate fru-
strating downtime and costly maintenance which fi-
nally can reduce TOC and increase overall perfor-
mance [3].  

However, it is difficult to quantify the actual rela-
tionship for various interventions with the realistic 
situation, and how the management system enhances 
the relationships. The sample of this technique can be 
illustrated to quantify the cost of technology against 
human performance in Figure 3. 

 

Fig.3: Human performance-cost of technology trade-off curve 

3.3. Expected Value of Utility Function Analysis (EV) 

The expected value (EV) of utility function analy-
sis is applied in many situations, particularly decision 
making on multiple alternative projects, and when the 
results of a risk assessment and cost-benefit analysis 
show the high degree of uncertainty [15]. It offers a 

better visibility for forecasting the budget.  
Abbas [16] illustrates the application of the ma-

thematical model of expected utility which is used for 
reduction TOC and also shown in equation (1). The 
example is explained as the engineering department 
have reduced the future total ownership cost contri-
butions (C) of components subjected to one project 
by factor r on average (C1= C0/r). The proportions of 
components are assumed to offer significant R-TCO 
(reduction of total cost of ownership) by factors p. As 
a result, the expected value of perfect information 
(EVPI) is indicated as the difference between the 
expected value of the reduction in TCO (EV) (equa-
tion 2) and expected value given perfect information 
(EV�PI) (equation 3). The EVPI is shown in equa-
tion (4).  

 

    Eq. (1)          

EV = (C-C/r)/p     Eq. (2) 

EV�PI = (C-C/r)         Eq. (3) 

EVPI = (EV�PI)-EV = C (1-1/r) (1-p)  Eq. (4) 

Where;  
U(X) = decision-maker’s expected utility 
EV= Expected value of the reduction in TCO 
EV�PI = Expected value given perfect information  
EVPI = Expected value of perfect information  
C = Future total cost of ownership contributions 
r = Factor of components subjected to one projects  
p = Proportion of components of R-TCO (reduction 
of total cost of ownership) 

3.4. Growth Readiness Matrix 

The growth readiness matrix captures the basic 
features of human performance typology. If the or-
ganization's goal is enhancing performance and ac-
complishing growth expectations, this matrix is ap-
plied to measure availability or obtainability of hu-
man resources skills, styles and experience needed 
for strategy implementation. The high growth expec-
tation shows the high performance of total system in 
organization not only hard systems but also the soft 
systems. Readiness is identified as a proxy for im-
plementation feasibility and indicated as how well 
resources meet the adequate requirements of the situ-
ation. The readiness matrix contains four quadrants; 
each quadrant represents consist of the limited re-
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sources. The matrix is shown in Figure 4 [17]. This 
matrix is benefit for monitoring the entire of system 
performance as well human performance. It can help 
decision maker to decide whether to invest or expand 
research and development in order to accomplish 
their goals. 

 
 

Fig. 4: Growth Readiness Matrix (Adapted from: Lengnick-hall, 
1988 [17]) 

 
Quadrant 1: Development 

The development quadrant indicates the need for 
high growth expectations and a low level of organi-
zation readiness between strategy and human re-
source skills. Organizations have  few alternative 
options: 1) Invest in human resources to improve 
feasibility such as re-training employee after acquisi-
tion phase, 2) Change missions to reflect the lack of 
readiness such as focus on the growth to cost reduc-
tion after economic recession, 3) Change the corpo-
rate operating strategy to capitalize on the skills and 
available resources, 4) Maintain the growth missions 
by altering the competitive advantage used to ac-
complish missions such as training employee and 
implementing more technologies.  
 
Quadrant 2: Expansion 

Expansion illustrates the high growth expectations 
and high level of organization readiness in both of 
strategy and human resource skills. Human perfor-
mance expansion depends on: 1) Level of human 
resource investment required to maintain desired 
growth and continued readiness, 2) Profitability, and 
3) Performance measurement.  Since organizational 
expansion is continuously growing; the organization 
should be able to maintain the effect of growth such 

as updating planning systems, managing informa-
tion, socializing new employee, re-training em-
ployee. The organization should identify associated 
costs of supporting human resource such as technol-
ogy investment and training in order to improve em-
ployee skills and performance.  

 
Quadrant 3: Productivity 

The productivity shows the low growth expecta-
tions and high level of organization readiness for 
strategy and human resources. This situation does 
not reflect organizational interest in expanding; 
therefore, operations are highly effective and effi-
cient. If the organizations want to achieve the higher 
growth expectation, they must invest to increase 
their growth.  Organizations need research and de-
velopment sector and an extensive environment 
analysis when they have challenged with high com-
petitions in market. 
 
Quadrant 4: Redirection 

The redirection shows the low growth expectations 
and low level of organization readiness for strategy 
and human resources. It indicates that the organiza-
tion is facing declined market, outdated products and 
reduced manufacturing process. They emphasize 
excessive fit between skills, culture, procedures and 
strategy. Consequently, products have to exit from 
the market. They must change the direction whether 
by focusing on readiness activities or by modifying 
organizational mission. 

3.5. Multi-attribute Utility Technique (MAUT) 

Fulop [18] described that Multi-attribute Utility 
Technique (MAUT) is the use of utility functions 
which can be applied to determine the performance 
values of the alternatives scenarios against the criteria 
in both of factual (objective, quantitative) and judg-
mental (subjective, qualitative), to the total utility 
value with dimensionless. MAUT is to define a scor-
ing scheme (or a multi-attribute utility function). It 
measures on a weight between 0 and 1, with the 
property that if the score (or utility) is the same for 
two options (i and j); there is no preference for one or 
the other. If the utility for option i exceeds that for 
option j, then option i is preferred to option j. To de-
termine the utility value, the simple multi-attribute 
rating technique (SMART) is formula of MAUT me-
thod which is illustrated in equation 5.  
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This technique is recognized for each relevant fac-
tor (or attribute) and then aggregates in a total utility 
function representing the global interest for each op-
tion. For example, the estimating utility function be-
tween cost minimization against the choice of tech-
nology, the result of the highest utility values for the 
lower cost values represents the best alternative tech-
nology. The MAUT is an interesting decision analy-
sis model for high level strategy problems involving 
different factors (quantitatively or qualitatively).  

 Eq. (5) 

Where,  
� xj = Utility value 
� wj= weight of criteria 
� aij= alternative value in the matrix 

3.6.  Multi-Regressions Models 

HTOC involves the high degree of complex and 
subjectively factors. Therefore, measuring HTOC 
may not be the universal model to implement all or-
ganization needs. Instead, the multi-regression model 
can be conducted upon organization objectives. This 
regression model reflects the preliminary of HTOC as 
dependent variable, and the independent variables are 
considered human performance associated costs 
based on our literature reviews including human fac-
tor-cognition (HFC), human factor-physical (HFP), 
task complexity (TC), training (T), recruiting(R), 
retain(RT), skill and knowledge (SK), human reliabil-
ity (i.e. stress, fatigue, sleep deprivation-HR), risk 
and uncertainty(RU), technology development (TD), 
and environment factors(i.e. safety, work domain - 
EF).The regression model is shown in equation (6). 

 
Estimated HTOC = b0+b1X1+b2X2+b3X3 

+ b4X4+b5X5+b6X6 
+b7X7+b8X8+b9X9 
+b10x10+b11x11+� I  Eq. (6) 

 
Where; b0, b1, b2 …b11 represents the weight of each 
component of HTOC and 
� X1= Number of index of human factor-

cognition (HFC) functions used for certain task  
� X2= Number of index of human factor-physical 

(HFP) functions used for certain task  
� X3= Number of task (TC) 
� X4= Number of hours of training (T) 
� X5= Number of manpower during recruiting(R) 

� X6= Number of hours to retain (RT) and main-
tenance 

� X7= Number of experience years of manpower- 
skill and knowledge (SK) level 

� X8= Number of human error during task per-
forming-human reliability(HR) 

� X9= Number of hours of system downtime as 
risk and uncertainty(RU), 

� X10= Number of technology and equipment 
used during task performing as technology de-
velopment (TD) 

� X11= Number of safety equipment-environment 
factors(EF) 

� �I represents the substitute of error and uncer-
tainty 

4. Conclusion 

This paper illustrates the background and literature 
summary related to human total ownership cost 
(HTOC) and the economic assessment value models 
(EAV). HTOC is defined as associated with cost of 
acquisition, staffing, training cost, retain human per-
formance, added capability, cost of recruiting, sup-
port and cost of human error. It is useful to provide 
the visibility into hidden cost drivers and human cost 
components which can support the budget manage-
ment and making timely decision for high level man-
agement. Misestimating HTOC has significant impact 
on human performance, design, procurement and 
long term investment.  The high costs in the opera-
tional phase are due to human aspect and rise upon 
continual increase in performance requirements. 
HTOC should additionally consider influencing hu-
man performance factors including cognitive, physi-
cal, skill and knowledge, cost of training for addi-
tional capability, cost of retain specific level of hu-
man performance mandated by program manage-
ment, human errors, risk and uncertainty, technology 
development, environment factor (i.e. system readi-
ness and work domain).  

According to economic models, cost benefit analy-
sis can reflect the human performance and learning 
curve in term of cost of investment, and risk-cost 
tradeoff analysis can illustrate the tradeoff between 
cost of technology and human performance. We have 
illustrated the preliminary regression model of HTOC 
which considers the human factor aspect, human re-
liability, and technology and environment factors.  
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However, the major limitation is the lack of data-
base in term of quantitative data and metrics asso-
ciated with these factors is still questionable. There-
fore, there are no specific economic models that can 
quantify the human soft cost drivers (subjective com-
ponents) such as human factors aspects (cognition, 
physical, perceptual, skill and knowledge). Since the 
HTOC has involved within various variables and 
high degree of complexity, the preliminary model 
may not be the universal model to implement all or-
ganization needs. Instead, the multi-regression model 
can be conducted upon organization objectives. The 
models are also still questionable in validity, reliabili-
ty and generalizability.  

In future research, we will attempt to define the 
conceptual framework of human total ownership cost 
components, HTOC metric and measurement in 
quantitative terms. The preliminary HTOC model and 
cost-trade off analysis or cost and benefit analysis 
may be appropriate approach for designing technolo-
gical works system. 
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