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Cui, Benjun.  Application of Design of Experiment (DOE) in Finding the Best Factor 

Combination 

Abstract 

In the current business trends, organizations are struggling to make their existence prolonged 

based on the increasing competition, technological changes, globalization, and other 

environmental dynamics that threaten their existence day in day out.  XYZ Company is a 

manufacturing company which is also facing these dynamics just like other companies across 

the globe.  The main challenge that XYZ Company has been facing is the determination of 

the best factor combination in its manufacturing activities.  This has been a challenge since 

the company has not been meeting customers’ demands in terms of quality, quantity, and 

timeliness.  The company has, therefore, been recording low performance rate which in a big 

way threatens its existence.  It is on this regard that the study sought to find out the impacts of 

using the design of experiment (DOE) method in determining the best factor combination in 

XYZ Company.  The study relied upon secondary data from the company’s website and the 

data were analyzed to come up with the findings.  The findings show that DOE is one of the 

best methods that XYZ Company can adopt to determine the best factor combination.  The 

findings will help the company in decision making and eventually enhancing its performance. 
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Chapter I: Introduction 

Best factor combination is very essential for manufacturers as noted by Myers, 

Montgomery, and Anderson-Cook (2016).  Myers et al. (2016) and Kuram, Ozcelik, 

Bayramoglu, Demirbas, and Simsek (2013) agree on the fact that profitability of a firm, 

which is function revenue and costs, can be enhanced through best factor combination.  

Notably, XYZ Company, which ensures that original equipment manufacturers receive highly 

qualified products and services, has to focus on establishing best factor combination in order 

to maximize its profits at the minimum cost of production.  There are a number of techniques 

applicable towards establishing best factor combination.  Out of these many techniques, 

Ćurić, Reul, Möschwitzer, and Fricker (2013) have identified Design of Experiments (DOE) 

as one of the most effective and efficient ways.  Therefore, the present study applies DOE in 

order to establish the best factor combination for XYZ Company. 

This chapter provides an understanding of an overview relating to concept under 

study, statement of the problem, purpose of the study, assumptions of the study, definitions of 

terms, limitations of the study, and a brief overview of the methodology.  The 

aforementioned aspects, which are illustrated in detail in later sections of the chapter, form a 

basis of understanding DOE as a technique for establishing best factor combination. 

Statement of the Problem 

 The main problem that XYZ Company faces as a manufacturer is identification of the 

best factor combination especially with respect to its factor inputs for the purposes of 

obtaining required levels of outputs.  Best factor combination continues to be a problem from 

the customer perspective.  In other words, it is a challenge for XYZ Company or any other 

manufacturers to effectively and efficiently determine best factor combination, which will 

then result into optimum output; hence, high levels of customer satisfaction.  As long as XYZ 

Company is able to develop best factor combination, there is no doubt that optimum output 
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levels will be reached at the lowest possible costs.  Minimization of costs is one of the surest 

ways through which XYZ Company can achieve maximum profits.  Therefore, establishing 

best factor combination will not only result into attainment of optimum output levels but also 

assist XYZ in minimizing costs and at the end of the day achieve objective of profit 

maximization. 

Given that the main problem is about determination of best factor combination, it is 

imperative to establish the fact that numerous techniques have so far been developed towards 

the same.  Some of the techniques so far proposed include factorial designs, response surface, 

and design of experiments (DOE) amongst many others.  However, Oliveira, Alves, and 

Costa (2014) identified DOE as one of the most effective and efficient techniques that 

manufacturers may adopt towards determining best factor combination.  It is on this 

perspective that the present study aims at examining application of DOE towards determining 

best factor combination.  This study aims at assisting XYZ Company in solving the problem 

of determining best factor combination besides establishing the pass rates, qualification rates, 

and ways of reducing or minimizing on the rejection rates. 

Purpose of the Study 

 The main goal of this study is establishing best factor combination within XYZ 

Company through the application of Design of Experiment.  In addition, the study focuses on 

identifying ways of improving pass rates, qualification rates, and decreasing the rejection rate 

in respect to the operations of XYZ Company.  XYZ Company is involved in designing, 

manufacturing, and supplying custom building components both medium and heavy for all 

original equipment manufacturers not only within its present location but across the world.  

In other words, XYZ Company engages in steel fabrication, finishing, welding, machining, 

and assemblage services for different original equipment. 
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In order to meet its objectives of customer satisfaction, XYZ Company has to 

establish the best factor combination.  According to Montgomery (2008), optimum or best 

factor combination is about identifying the proportions of different factors of production upon 

which an entity is able to produce a given amount of output at the lowest possible production 

cost.  Hinkelmann and Kempthorne (2012) further added that when firms are able to 

minimize their costs, the objective or goal of profit maximization is easily realized.  In this 

perspective, it would be imperative to assist XYZ Company in establishing optimum or best 

factor combination for the purposes of minimizing costs, producing the required output 

quantity, and maximizing the profits of the firm.  Hence, this forms the purpose of the study. 

Besides establishing the optimum or best factor combination, the study also seeks to 

assist XYZ Company in relation identifying ways of improving the pass rates, qualification 

rates, and reduction of the rejection rates.  All these aspects are anchored on customer 

satisfaction as argued out by Gatti (2015).  It is on this basis that there is a need for XYZ 

Company to establish how to ensure that its products as well as services meet the 

expectations, demands, and needs of customers based on the pass rates and qualification 

rates.  Shardt (2015) also noted in their analysis that rejection rate is a major undoing 

amongst manufacturers especially with respect to customer satisfaction.  Whereas high 

rejection rates imply unsatisfied customers, low or no rejection rates are a good indication of 

customer satisfaction.  Hence, the present study seeks to establish the pass and qualification 

rates in addition to establishing how to minimize on the rejection of products and services. 

Assumptions of the Study 

Since the present study aims at applying DOE, there are a number of assumptions, 

which assisted in meeting the set objectives.  The assumptions guiding adoption of DOE in 

establishing best factor combination are derived from the fact that in this technique ANOVA 

is used.  In other words, DOE uses analysis of variance (Choi et al., 2013).   
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The main assumptions include that residuals are independent besides having equal 

variance.  The other assumption is that the residuals are normally distributed with all the 

factor inputs used by XYZ Company being assumed to be independent from each other.  It is 

also assumed that XYZ Company employs three factor inputs in order to attain set levels of 

outputs.  The factor inputs include Factor 1, Factor 2, and Factor 3.  These factors will be 

used towards establishing best factor combination for the XYZ Company besides evaluating 

the pass rates and qualification rates.  Such assumptions will also be used in establishing how 

to reduce rejection rates. 

Definition of Terms 

Following terms are very helpful and important to deeply understand the 

methodology. 

Best factor combination.  Proportion of factor inputs that manufacturers employ 

towards ensuring that required levels of output are produced. 

Cost minimization.  The lowest possible cost of production that should be incurred 

by a manufacturing firm in order to achieve their objectives with respect to the level of output 

needed by customers. 

Design of experiment.  This refers to an analysis of factors, which have been 

identified as the most essential and influence input variables, and form the genesis of 

variation or influence on the output.   

Input variables or factors.  These refer to inputs that can be changed within the short 

run either upwards or downwards for the purposes of changing the total output in a 

manufacturing firm.   

Limitations of the Study 

While focusing on three main factors, Factor 1, Factor 2, and Factor 3, the present 

study assumed that these are the only factor inputs that XYZ Company uses towards 
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producing given levels of output.  The study excluded other factors that may also be 

influential.  Hence, making the study limited.   

 In other perspectives, the study adopted on historical data, that is, only past 

information was used to achieve the set objectives.  Such approaches limited the study to 

historical data, which may not provide a good representation of the current affairs of the XYZ 

Company.  Lastly, the DOE technique adopted did not consider other aspects, which are 

likely to have impact on the operations and performances of XYZ Company.  For instance, 

best factor combination can also be influenced by competition.  However, the present study 

ignored that aspect of business operations.  These are some of the limitations associated with 

the present study. 

Methodology 

The objective or aim of this study is to establish best factor combination using design 

of experiments (DOE).  The aim has been attained through identifying three main factor 

inputs, Factor 1, Factor 2, and Factor 3.  In this methodology, the study develops a prediction 

equation for the factors indicating that Output is a function of the three factors, that is, O = 

f(F1, F2, and F3), where O is the output, F1 is Factor 1, F2 is Factor 2, and F3 is Factor 3.  

Since there are four levels and three factors, the study employed a 4 * 3 factorial design.  The 

study had 5 samples in each level and 8 experiments.  Therefore, there were a total of 40 

treatment combinations for each level.  Statistical software has been adopted in order to assist 

in attaining the objectives of the study. 

Other than an overview of the methodology, it is imperative to note that this study is 

in five main chapters, namely, introduction, literature review, methodology, results, and 

discussion.  Introductory chapter provides a foundation and general framework of the study.  

In addition, chapter two provides a deeper understanding of the concepts under investigation 

through a critical review of literature.  In chapter three, the study explains and illustrates the 
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specific methods, principles, and techniques used in gathering data and information towards 

achieving set objectives. 

Chapter four of the study provides the results.  In chapter five, the study discusses the 

various results stated in chapter four.  Discussions in chapter five are anchored on findings of 

other previous studies on using DOE as a technique or tool towards establishing best factor 

combination.  The last chapter makes conclusion in respect to findings and discussions.  

Conclusion chapter also provides recommendations as well as areas that require future 

research.  Moreover, the concluding remark also identifies the limitations of the study 

throughout the research.   
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Chapter II: Literature Review 

Best factor combination as illustrated in the earlier chapter continues to be a 

significant aspect of manufacturers yet very challenging to achieve.  The analysis by XYZ 

reveals that majority of entrepreneurs as well as other well-established organizations 

especially those involved in the manufacturing of various products face the problem of 

deciding on the specific combination of factors that would result in effective and efficient 

production.  It is on this basis that a number of scholars have tried to examine concepts 

relating to best factor combination.  The present chapter critically reviews various forms of 

literature while establishing and critiquing their findings, assertions, arguments, and 

presentations.  The chapter provides an understanding of the theoretical model upon which 

the study is anchored beside explaining aspects of best factor combination, pass and 

qualification rates, and rejection rates.  The chapter also provides an empirical review of 

literature before summarizing the main points in the chapter.   

Theoretical Model 

The present study is anchored on the theory of production.  The production process is 

essential especially with respect to developing outputs or commodities capable of satisfying 

the needs, wants, and expectations of the consumers.  According to Färe and Primont (1995), 

in economics, the theory of production aims at providing an understanding of the principles 

by which manufacturers make a decision on how much of a product should be produced to 

meet the demand.  In making such decisions, the theory of production provides that 

manufacturers need to identify the right proportions of factors of production, which will 

result in producing desired levels of output.  The main factors of production, which 

Napoleoni (1992) is referring to as factor inputs include land, labor, capital, and raw 

materials.  However, Fandel (1991) and Rooke, Koskela, Howell and Kagioglou (2012) note 

in their analysis that land in most cases is usually fixed and in most cases may not be 
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increased or decreased proportionately in order to produce desired levels of output.  

Therefore, the main factor inputs that are usually considered are labor, capital, and raw 

material. 

Shephard (2015) further note in their analysis that without the aforementioned factor 

inputs of production, then the process of production would become mission impossible; 

consequently, resulting into not product or output to be consumed by the customers.  Theory 

of production stipulates that every manufacturer should identify the right proportion of labor, 

capital, and raw material, which when applied in the production process will result in output 

that is capable of meeting needs, demands, and expectations of the market.  Expectations of 

consumers, which are the final end of the production process, usually have specific 

requirements especially based on the needed output or commodities.  Having the right levels 

of output or commodities is likely to be a foundation towards ensuring that needs, wants, and 

expectations of the final end of production, consumption, is adequately met as noted by 

Hancock (2012).  It is on this basis that Napoleoni (1992) and Färe and Primont (1995) agree 

on the fact that production process is an essential stage in the entire cycle of consumption.   

The theory of production as adopted in this study involves fundamental principles of 

economics of production.  Such principles include how prices of commodities relate to the 

prices of the factor inputs.  According to the analysis of Napoleoni (1992), the main factor 

inputs within the economics of production that can be priced include land and labor, which 

earn rental rate and wages respectively.  However, capital may also be termed as a factor 

input earning interest.  On the other hand, entrepreneurship can also be termed as a factor 

input earning profits.  In all these aspects, every factor input has a price tag.  According to 

Rooke et al. (2012), an economics of production as explained by the theory of production 

provides an understanding of how the prices of final commodities (also known as output) 

relate with the prices of factor inputs.  In other words, the determination of the prices of 
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output as explained by Shephard (2015) is anchored on the factor prices.  A commodity or 

output will have a price containing all the costs incurred by the various factors of production.  

Every firm that produces goods and services should always align final costs to the prices of 

factors of production.   

Best Factor Combination and Organizational Competencies 

Organization’s manufacturing capability is best described by the competencies of the 

organization.  The internal competence and ability of the organization to handle the existing 

aspects of the production are essential for organizational development.  Many organizations 

across the globe focus on the external environmental dynamics leaving behind the internal 

market which is essential for development.  XYZ Company should focus on its competencies 

which will describe its ability to combine the available factors of production.  It is on this 

basis that the study seeks to review the resource-based theory that is essential for the 

production factors of the organization. 

According to Barney (2001), the resource-based theory is the approach that best 

describes how organizations can gain competitive advantage and increase their performance.  

According to the RBT, organizational resources are the most important determinants of the 

competitiveness and performance of the organization.  The theory suggests that organizations 

need to integrate their resources which are the key capabilities that they are assured of having 

for the sake of their internal operations and existence (Srivastava & Gnyawali, 2011).  

According to Foss and Knudsen (2003) as cited by Palmatier, Houston, Dant, and Grewal 

(2013), the resource-based theory is based on two assumptions in an effort to bring into light 

the ways of integrating the organizational resources to win competitive advantage.  First, the 

theory assumes that organizations in a given business environment are unrelated in the sense 

that their resources defer and the way that they integrate those resources is also different.  

Secondly, the theory assumes that due to immobility of some of the resources that make the 
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strategies of the firms in a business environment differ, the heterogeneity of the firms may 

persist for a long period of time.  The argument goes “If all firms in a market have the same 

stock of resources, no strategy is available to one firm that would not also be available to all 

other firms in the market” (Cool, Costa, & Dierickx, 2002, p. 57).  According to Samaha, 

Palmatier and Dant (2011), resource-based theory is based on the uniqueness of the firm’s 

resources as compared to those of the competitors.  Employees (human resources) and the 

skills are some of the resources that according to RBT make organizations produce different 

products and perform differently from the competitors despite them being in the same market 

and with the same chances of winning the market.  Other resources can be copied by the 

competitors but the skills and the human resources are unique to the organization that they 

exist in.  Palmatier et al. (2013) complement that the resources of the firm and the uniqueness 

of the resources do not necessarily influence the performance of the organization but other 

determinants such as the managerial strategies injected on the resources supplement the 

overall performance of the organization.  According to Rungtusanatham et al. (2003), the 

organizational resources should be valuable and rare for them to generate an impact on the 

firm’s competitiveness and performance.   

Recently, Resource-based theory has been found to focus on the intangible assets or 

resources of the organization more than the tangible resources.  In this context, skills, 

capabilities, and information of the organization have been found to be the most available 

unique resources for every organization (Ouyang, 2009).  The uniqueness of the resource is 

determined by how much the organization is able to make use of the available resources 

without exposure to its systems and procedures to the competitors (Hunt & Davis, 2008).  

Barney, Ketchen and Wright (2011) indicate that the resources of the organization are best 

beneficial for the company’s performance only if managed well with carefully strategizing 

the best ways to integrate the resources different from those of the competitors.  For instance, 
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employees own the best skills of the organization.  When the employees are not well 

managed through rewarding and motivation, they are likely to leave the organization and 

most probably they are going to join the competitors and reveal all the skills that were applied 

in your organization (Jean, Sinkovics, & Kim, 2010). 

Resource Based theory has as well received its portion of critics as it is to other 

academic models.  Several scholars across the globe have continually expressed their 

disagreements with the arguments of the RBT.  For instance, some critiques complain the 

theory is static and fails to either address the impact of organizational actions on resource 

effectiveness over time or describe how static resources affect SCA in dynamic markets.  In 

response, the introduction of the VRIO, versus VRIN, framework has acknowledged that 

resources need to be leveraged effectively by the organization, instead of simply possessed by 

the firm.  Furthermore, the inclusion of “dynamic capabilities” as a resource, as well as vast 

theorization focused on dynamic capabilities have helped alleviate concerns about the RBT’s 

ability to describe the effects of resources in turbulent environments (Teece, Pisano, & 

Shuen, 1997).  In a marketing domain, Day (2011) also proposes adaptive marketing 

capabilities that allow firms to anticipate that efficiently adapt trends and events before the 

marketing are entirely apparent.  Another criticism, that RBT is a tautological or self-

verifying theory and, therefore, not empirically testable, may apply to some poor quality RBT 

research (Priem & Butler, 2001).  Barney (2001) acknowledges that when “resources that can 

generate a sustained strategic advantage are identified by their ability to generate a sustained 

strategic advantage,” we clearly face a tautology.  Researchers can address this criticism in 

three main ways.  First, resources should not be defined in terms of outcome variables, such 

as performance or SCA (Lockett & Thompson, 2001).  Valuable, rare, and imperfectly 

imitable resources instead must be defined in terms of exogenous variables that are separate 

from the dependent variables of interest.  Second, researchers can decouple the direct link 
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between VRI resources and outcomes by describing organizational processes used to exploit 

resources (Barney & Clark, 2007; Peteraf & Barney, 2003).  Thus, VRI resources are 

necessary but not sufficient conditions for achieving SCA.  Third, researchers who 

longitudinally separate independent and dependent variables increase confidence in the causal 

ordering of effects.  Thus RBT is not tautological per se, but prior research often 

operationalizes RBT in ways that render it empirically untestable. 

However, despite the critics, the theory still remains applicable and most effective in 

the field of organizational competencies and performance based on its available resources.  

Many scholars have on their part, argued in response to the views of the critics and this has 

satisfactorily increased the applicability and consistency of the RBV. 

Resource-based Theory and Contingency Model 

Operational competencies can best be explained by the resource-based theory which 

considers on the advantages of the firm management concentrating on investing their 

resources to the employees (Avey, Reichard, Luthans, & Mhatre, 2011).  The goals are set by 

the organizational managers but they are executed by the employees.  This, therefore, means 

that the employees are the final deciders of the far a decision can go and how it can be 

implemented thus making them the most important resources in an organization.  The 

resource-based theory is therefore of great significance in determining the role of operational 

competencies in on organizational performance and integrating the competencies in the best 

factor combination process.   

Another model that can be used to elaborate on the DOE in best factor selection is the 

contingency model which concentrates on the design of an organization.  For DOE to work 

properly, the organizational design must be favorable enough to accommodate any changes 

that may come as a result.  Contingency theory is the most commonly used and effective 

organizational design theory.  The theory has tremendous aspects that make it the most 
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preferred theory when talking about organization structure (Gil & Hartmann, 2007).  The 

theory suggests that organizations have the mandate to focus on their capabilities and their 

weaknesses when choosing their structure bearing in mind that there is no contemporary way 

for an organization to organize itself (Donaldson, 2001).  To Organize a corporation involves 

making its capabilities effective and integrating them to achieve the organizational goals and 

objectives (Aver & Cadez, 2009).  The theory, therefore, suggests that managers should focus 

on other aspects that influence the organizational structure such as the technology, external 

environment, and organizational culture.  These factors, according to Waterman, Peters and 

Phillips (1980), are the best determinants of organizational design thus managers should take 

heed of them when dealing with the structure of their organizations.  In every organization, 

there are the contingencies (dependencies) which ought to be fulfilled for the success of the 

organization (Maitlis & Lawrence, 2007).  These dependencies, as Maitlis and Lawrence 

(2007) explain, serve as the key determinants of how an organization is going to be ran and 

the best procedures that should be adopted to achieve the organizational goals.  Bearing in 

mind that an organization exists in an environment, for it to formulate a design that it has to 

use, it must take concern on the environment and analyze all the environment factors that can 

affect its performance and operations as well.  Donaldson (2001), therefore, postulates that 

contingency theory is about considering the factors that surround the business and its 

environment so as to come up with the best organizational structure.  The volatility of the 

environment that the organization operates in and the size of the organization are some of the 

factors that organizational structure depends on.  According to Donaldson (2001), 

organizational structure can be effective and reliable if the structure is based on the best fit 

contingencies.  This makes the structure strong for the volatility of the environment and other 

unexpected factors that may arise in the due process of the organization operations.   Woods 

(2009) argues that contingency theory offers the advantages of fit in an organization over the 
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misfit.  This is based on the ability of the organization to design itself in consideration of the 

aspects that surrounds the organizational activities such as the technology, environmental 

dynamics as well as the size of the organization.  Woods (2009) further states that 

contingency theory enables the organization to expand through innovations as a result of 

increased workability due to a desirable structure adapted.  The theory further indicates that 

equilibrium of the organizational competency and its structure is the key determinant of the 

organization’s performance.  The competency in this context is the ability of the organization 

to float the environmental dynamics, organizational size and the technological changes on the 

performance level of the organization (Hutzschenreuter & Listner, 2007). 

Aspects of Best Factor Combination  

Best factor combination, which is also known as optimum factor combination, is 

about the proportion of factor inputs that manufacturers employ towards ensuring that 

required levels of output are produced.  As stated within the theory of production, the main 

factors of production, which may vary from one organization to another, include land, labor, 

capital, and entrepreneurship.  According to Hinkelmann and Kempthorne (2012), 

entrepreneurs, especially in the manufacturing industry, continue to face significant problems 

when it comes to making decisions regarding the specific combination of factors that need to 

be put into place for the purposes of coming up with a product.  While agreeing with Ćurić et 

al. (2013), Myers et al. (2016) note that for every output of product or commodity, there are 

usually a number of technical possibilities open to a manufacturer or entrepreneur.  A 

manufacturer or entrepreneur can then select from the various technical possibilities that will 

result in production of the output product or commodity.  Kuram et al. (2013) further reiterate 

that within the production process, different combinations of factor inputs can result in given 

levels of output.   
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From the above perspective, it is the organization in question to establish the levels of 

output required and so determined or make decisions on the available technical possibilities 

on which bundle would fit most.  However, as per Färe and Grosskopf (2012), this has been a 

significant challenge to a number of producers.  Based on the evaluations and submissions by 

Plotnikova, Redko, Titova and Chaykovskaya (2016) and Gissén et al. (2014), the main 

reasons identified as being challenges towards establishing the best factor combination 

include technical possibilities of production, dynamics in the consumer demand, and prices of 

factors inputs, which are bound to fluctuate based on other external or exogenous factors.  In 

their agreement with Sandleris and Wright (2014), Dow, Goldstein, and Guembel (2016) 

noted that technological possibilities of production, which are usually represented by isoquant 

maps, are the furthest stretch that an organization can go in as far as production is concerned.  

Freeman III, Herriges, and Kling (2014) further explain that isoquant maps are such that they 

provide technically efficient combinations of factor inputs that an organization can employ in 

order to produce varied levels of output.  Differing levels of output are therefore defined and 

determined by the technical production possibilities.   

Given that isoquant maps provide technically efficient combinations of factor inputs, 

Shephard (2012) and Sato (1967) further argue that every equal output curve will show 

combinations of each factor with a view of producing specific output levels.  While referring 

to best factor combination as the least cost combination principle, Moses (1958) explains that 

rational firm or producer needs to maximize their profits through the idea of minimizing 

production costs.  When the cost is at the minimal level, Chang, Tsai, and Ke (2006) explain 

that the input combination is definitely going to be optimal.  In this case, the idea of best or 

optimal factor combination is attainable when a firm achieves the objective of profit 

maximization through cost minimization.  Uphoff (2013) further notes that optimal or best 

factor input combination is about deriving maximum returns associated with factors 
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employed towards meeting set levels of output.  As a result, rational producers or firms are 

likely to combine different factors of production within the production function such that 

minimum input will be used in deriving a maximum output.  Such a state is known as the best 

factor combination or least cost combination.   

From a different perspective, the approach that Siderelis and Smith (2013) take 

towards explaining best factor combination is that of producer equilibrium.  Analyses by 

Chang et al. (2006) indicate that producers arrive at equilibrium when the object of profit 

maximization is attained.  Attaining profit maximization objective is always anchored on 

factor optimal combination.  In order to arrive at producer equilibrium through profit 

maximization objective, Shephard (2012) notes that there are two choices to choose from for 

the organization in question especially with respect to attaining equilibrium.  The two choices 

include minimizing costs of specific output levels or maximizing the output at a given cost.  

Based on these two choices, Freeman III et al. (2014) further note that least cost combination, 

which is also the best factor input combination, is when a firm is able to produce the largest 

volume of output at a specific cost level on one hand and on the other hand being able to 

produce specific output levels with the least possible costs especially when the factor inputs 

are combined optimally.  In all these perspectives, the whole idea is about proportioning the 

inputs to be able to produce some specific levels of output for the firm in question.   

While considering the aspects of best factor combination or least cost combination, 

Dow et al. (2016) identified a number of assumptions that come into play.  The main 

assumptions include only two factors come into play, namely, labor and capital, units of labor 

and capital are considered to be homogenous, wage and rental rate, which are the prices of 

units of labor and capital respectively are not only given but also constant, cost outlay is 

provided for the firm, aim of the firm is profit maximization, and that there is a perfect 

competition within the factor market under investigation.  These assumptions go a long way 
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in establishing a better foundation upon which best factor combination concept is understood.  

Whereas there are mainly four-factor inputs of production, the idea of developing best factor 

input combination is anchored on the assumption that there are only two factors, labor, and 

capital.  Unlike land, which in most cases is fixed, capital and labor can be fixed in the short 

run but in the long run, Uphoff (2013) justifies the variability of such costs.   

Long run may not only refer to time length but also quantity being produced.  Such 

quantities may cause capital and labor to be variable; hence, being taken as the two most 

influential factor inputs in the determination of best factor combination.  It is also important 

to note that while a firm focuses on optimally combining the factor inputs, the overall 

objective is to maximize profits at the least possible costs.  Since costs outlay are assumed to 

be given, the producer or manufacturer in question will try to determine how to employ the 

factors to fit in the cost given that wages and rental rate, which are unit prices of labor and 

capital respectively, are given and constant.  With all the aforementioned assumptions, 

Uphoff (2013) and Siderelis and Smith (2013) agree on the fact that it becomes possible for 

producers or manufacturers to come up with the best factor input combination that would 

yield into given levels of output.  Therefore, in as much as economic theories have tried to 

explain the theoretical aspects of establishing optimal or best factor input combination, 

otherwise known as least cost combination, the practical aspect of the same is still 

challenging.  Hence, the need to conduct an empirical investigation through the adoption of 

identified techniques such as DOE in order to establish how producers and manufacturers can 

easily determine the best factor combination. 

Requirements for Successful DOE 

To make the design of experiments successful as well as reliable, several key 

requirements have been put across by a number of scholars who in this case have articulated 

the requirements to be very critical for one to commence using the DOE method.  As Shardt 
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(2015) states, the key requirements for DOE helps its objectives to be realistic and this, in 

turn, makes businesses reap the best out of the method.  Any method of improving a business 

should have its requirements which in turn direct the managers and other decision makers in 

an organization to apply and clearly follow the procedures required by the method 

(Plotnikova et al., 2016).  The first key requirement for the design of experiment method to 

be successful is the setting of objectives.  For any strategy that a business adopts, there must 

be objectives of following the given objective.  DOE is a systematic procedural method 

which has to be intended for some specific purpose for it to be effective.  This, therefore, 

means that the organizational management should set the objectives of the quality of 

productions they want as well as the inputs available.  On this point, the inputs (raw 

materials, labor, and capital) might be adequate but there is the actual amount of these inputs 

that the organization is comfortable to use.  In this regard, an organization might me having a 

huge number of employees but this does not imply that they are going to use the entire 

number of employees in one project.  Setting objectives as Kuram et al. (2013) contend will 

enable the organization to identify the requirements and the advantage that may come out of 

some sacrifice made to a certain amount of resources.  Setting objectives will enable the 

process to be focused and follow a common goal. 



 27 

 

Figure 1. Example of DOE method in quality analysis. American Pharmaceutical Review 

(2009) 

In the figure above, the analysis has some set target for the factors that are to be 

combined and on these targets; there are the high-level and low-level amount of the factors 

that they are likely to use.  These are in this case the objectives that XYZ has to set in order to 

achieve the desired quality as well as reduce the rejection rates by the customers.  XYZ 

Company has to also in the process of coming up with the objectives, identify the units of 

each factor required for the entire process.  The units help in identifying the specific areas to 

concentrate on as far as the factors are concerned. 

The second important aspect of following in designing the DOE is quantitatively 

measuring of the responses given.  As Shardt (2015) contends, a lot of designs of experiments 

have been failing due to lack of quantitative measurement which is essential for identifying 

the actual values of the variables in consideration.  To have the best results in DOE, 

quantitative measurements have to be clearly stated and focused on since they are the best 

determinants of the stand the selection has to take.  In the past century, organizations used 
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qualitative measures r aspects to determine the need to choose certain factors of production.  

This, however, made an inclusive judgment which included even unwanted factor in the 

experiment.  To make the results of the experiment effective, actual quantities of the factors 

have to be put in place and keenly identified. 

Replication of the experiment is another aspect that has to be put in place for the 

purpose of enhancing the effectiveness of DOE.  As Myers et al. (2016) state, when an 

experiment is done several times, the chances of the experiment giving accurate results are 

increased.  In this regard, XYZ Company will need to put across measures that increase the 

chances of the Design of Experiment method repeated several times so as to make it effective 

and focused on enhancing the selection process.  When dealing with inputs, the increase in 

one input may affect the entire outcome and on the other hand, making sure the inputs follow 

a designated quantity calls for a clear and repeated procedure which will increase accuracy 

(Montgomery, 2008). 

Randomizing the order of the runs is another aspect that has to be upheld for the 

purpose of increasing the reliability of DOE results.  The random at which the orders are 

occurring should be put at the note thus making the tracking processes easier.  Montgomery 

(2008) states that the entire process of DOE has to be randomized so as ensure the hold and 

measure of the uncontrollable variables such as temperature and the workability of the tools.  

XYZ has to put in measures that make the aspects in the production enable the repetition of 

the procedures as they follow in every previous order. 

Blocking sources of variation is another key aspect of putting into consideration as far 

as the effectiveness of DOE is concerned.  If in the due process any cause of variation no 

matter how small the variation is, should be blocked by all means possible.  This variation if 

not blocked might bring in new influences which in turn will affect the entire process and 

thus producing unwanted results.  After blocking the causes of variations, there will be the 
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need to identify any effects of blocking and figure out which of the effects can be combined 

to give out the same results.  This will be a very important strategy to save the costs and 

reduce the timeframe for the whole process (Hancock, 2012). 

Chapter Summary 

The above sections have illustrated the theoretical model adopted in the study as well 

as the main concept of best factor input combination.  In respect to the theoretical model, 

chapter two has focused largely on the theory of production in economics.  It is the theory of 

production that provides an understanding of the application of factor inputs towards 

obtaining required levels of output.  Theory of production provides a good understanding of 

how manufacturers or producers combine different factors of production in order to come up 

with levels of output that would meet the needs, demands, and expectations of the customers. 

Other than the idea of the theoretical model, the present chapter has also elaborated on the 

aspects of best factor input combination from the perspective of different scholars.  Based on 

the above literature review, it can be established that in as much as the idea of determining 

best factor input combination is easier, there is a need to conduct an empirical investigation 

on how some of the techniques available can be used towards achieving the same.  Out of the 

many techniques so far proposed, the present study seeks to apply DOE in order to establish 

its effectiveness with respect to determining best factor input combination for manufacturers 

or producers with the aim of satisfying needs, wants, and expectations of the consumers.   

  



 30 

Chapter III: Methodology 

 According to Babbie (2002), a study methodology is the framework representation 

that shows the procedures that will be used to guide the study.  It is the presentation that 

shows the strategies that are to be adopted in carrying out the study at hand.  It contains the 

population that will be targeted by the study and the research design to be adopted.  This 

chapter will focus on the design that will be used in the study as well as the sampling 

procedures that will be used in the study.  Other areas that will be covered in the chapter 

include the population target; the research philosophy as well as the research philosophy.   

Subject Selection and Description 

To select and analysis a subject generally contains five steps which includes research 

hypotheses, research design, research philosophy, target population and sampling.   

Research hypotheses.  Kellstedt and Whitten (2013) refer to a research hypothesis as 

the assumptions that the outcomes of a certain activity are going to take a particular 

dimension.  It is the explanation for an event to take some designated directions even before 

the event kicks off.  To make a study effective and directive, it is important to take and guess 

some direction that the study opts to follow even before on starts the real study.  It is on this 

basis that the research, in this case, puts across some research hypothesis to cater for the need 

to foretell the conclusions that the end resulted in the study may define.  To make the 

research wider and focused, alternative hypothesis will be put forward.  The following are the 

research hypotheses for the study at hand: 

RH1: There will be a positive relationship between best factor combination and pass 

rate improvement 

RH2: Use of DOE to carry out best factor combination analysis enhances the increase 

in qualification rate. 
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RH3: There is a positive relationship between adoption of DOE in establishing best 

factor analysis and decreasing rejection rate. 

Research design.  Taylor (2007) defines research design as the guide that contains 

instructions on the requirements for the research so as to put up the research into an upright 

and achievable manner.  According to Kothari (2005), a research design is the systematic 

arrangement and manipulation of the study variables to achieve the objectives of the study.  

Kothari (2005) further describes a research design as the arrangement of conditions and 

procedures in a designated manner that outlays the dimension in which the study is going to 

adopt and provide a definite relationship between the study variables.  Several scholars have 

come up with a wide range of research design methods.  These methods as outlaid by Kumar 

(2010) include action research design, case study research design, and descriptive survey 

research design.  Action research design is whereby the research, first of all, understands all 

the requirements of the study and thus outlays the ways and procedures that he or she can 

undertake to come up with a solution to the problem at hand.  Case study research design, on 

the other hand, is the use of already existing solutions to specifically bring out a solution to a 

problem by analyzing the problem to an in-depth level and coming up with specific solutions.  

The study will use a descriptive research design.  Descriptive research design is the research 

design that focuses on the use of characteristics and behaviors of an individual to come up 

with more elaborate and contextual descriptions of the individuals involved in the study.  

Individuals in this context may involve organizations or group of persons targeted by the 

study.  Descriptive research design will be considered appropriate for the study at hand based 

on its ability to incorporate and provide a detailed description of the study variables.  

According to Kumar (2010), descriptive research design also offers other new ideas on the 

study variables thus giving the study a more understandable and reliable perspective.  The 

study seeks to find the use of design of experiment method in finding out the best factor 
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combination to ensure quality and effective production.  Descriptive research design in this 

context will, therefore, enhance the reliability of the findings of the study since it will outlay 

the specific answers as well as evidence to the study questions. 

Research philosophy.  Blaxter, Hughes, and Tight (2001) define research philosophy 

as the model that focuses on bringing a particular study into success and giving it an 

achievable aperture.  To give the research a more grounded dimension, research philosophy 

employs two paradigms to manifest its applicability in the study (Blaxter et al., 2001).  The 

paradigms are phenomenological paradigm and positivist paradigm.  Positivist paradigm is 

the research philosophy that focuses on the quantitative data.  In this context, the paradigm 

focuses on the data that has some numeric value and that can be used in deriving conclusions 

from the study based on the count normative.  In this regard, the data has to be collected and 

analyzed statistically to give out meaningful and elaborate findings.  On the other hand, 

phenomenological paradigm focuses on the use of qualitative data in coming up with the 

findings of the study.  The paradigm allows for the better and detailed description of the 

research problems and solutions in more understandable manner.  Analysis of this kind of 

data entails putting across the all the available factors from the study objectives and making 

them flow in a manner that best describes the problem at hand.  This study will fully adopt a 

positivist paradigm since it uses quantitative data which according to Bryman and Bell (2011) 

is precise and detailed to provide reliable findings and allows for the comparison of the study 

variables. 

 Target population.  Target population according to Kothari (2005) is the group of 

individuals of objects that the researcher aims to use in conducting his or her study.  Creswell 

(2014) defines target population as the research objects to be investigated by the study at 

hand.  They are the group of persons that the research has to focus on so as to come up with 

original data for use in making conclusions and recommendations for the study at hand.  
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Kumar (2010) describes target population as the group that a particular study seeks to focus 

on in establishing the solutions to the study questions at hand.  A population in a study may 

comprise of individuals, objects or elements with common characteristics.  The 

characteristics of the population influence its target by the research.  The target population for 

this study will be XYZ Company.  The population will be appropriate for the study since they 

are aware of the merits and demerits that come as a result of the use of the technology and 

other aspects to come up with the best factor combination as well as being a manufacturing 

company.  Creswell (2014) contends that the target population needs to be the immediate 

persons to use or face the problem at hand.  Specifically, the study will target the stakeholders 

of the organizations.  The stakeholders in this context will comprise of the employees of the 

organizations, the senior managers, and most importantly the customers of the organizations. 

 Sampling.  Leedy and Ormrod (2015) define sampling as the process of sorting and 

selecting individuals or factors in the target population to come up with a more elaborate and 

simpler group in which the study will be conducted.  The sample is selected in such a way 

that it represents the entire population for the study.  This, therefore, calls for the adoption of 

sampling ways that reduces biases in the selection of the samples.  Scholars across the globe 

have come up with various sampling methods which have been widely used to come up with 

highly encompassed and representative study samples.  The methods include cluster 

sampling, simple random sampling, systematic sampling and stratified sampling (Leedy & 

Ormrod, 2015; Creswell, 2014; Tashakkori & Teddlie, 2003; Johnson & Onwuegbuzie, 

2004).  The study will adopt a cross-sectional sampling design.  The sampling method entails 

division of the target population into sub-groups known as clusters.  From the sections, the 

elements in will are selected and brought together to form a sample for the study.  The 

method will be appropriate based on the fact that the research is diverse thus the sections will 

bring the entire population in more undisputable groupings for easier collection of the data. 
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Instrumentation 

Creswell (2014) defines research instruments as the outfits that are used in getting 

information from the research instruments.  Research instruments should be reliable and 

efficient to carry out the collection of data for the study.  There are two mostly used research 

instruments; these are the questionnaires and interviews.  The two instruments are so far the 

best reliable tools for getting information from the respondents in a study.  The study will use 

questionnaires as the research instruments.  A questionnaire is a set of questions that are 

structured in a way that seeks to find out the respondents’ views on the study questions at 

hand.  The questionnaire for this study will have both open headed and closed headed 

question.  Open headed questions are those questions that allow the respondent to respond to 

the questions openly without having range, unlike closed headed questions which give the 

respondent a range in which to respond to the given questions.  Questionnaires will be 

considered appropriate for the study based on the fact that the respondent is free and open to 

answering the questions without interruption thus reducing biases.  The questionnaire is also 

flexible thus enabling the respondents to expound more information on the research 

questions.  According to Patton (2002), questionnaires are simple to interpret and analyze and 

thus making them stand differently as the study’s research instruments.  The questionnaire 

will be divided into six sections.  The first section will consist of the background data from 

the respondents whereas the other five sections will focus on the five research questions. 

 Pilot study.  Bhattacherjee (2012) defines pilot study as the testing study that is 

conducted prior to the actual study so as to determine the accurateness of the research 

instruments.  In this regard, a pilot study is a study done to test the reliability of the research 

instruments and thus avoid any mistakes that might have been done in the actual study.  

Through pilot study, the researcher is able to determine whether the actual study will run 

smoothly or will have misinterpretations of questions on the questionnaire.  The pilot study 
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will be done before the actual study whereby 10% of the target population will be selected 

and involved in the study.  The group will not be included in the actual study so as to prevent 

biases and promote accuracy. 

 Reliability of the research instruments.  According to Mugenda and Mugenda 

(1999), the reliability of a research instrument is the variance by which an instrument 

(questionnaire or interview), produces results as to the required results.  An instrument is, 

therefore, reliable if the results out of the pilot study near the expected results.  Reliability is 

defined as the consistency in an object and its comparability with the required standards.  In 

this regard, reliability can be tested by identifying if the response on a particular question by 

one respondent will be similar to the response by another respondent on the same question.  

Test-retest techniques will be used to test for the reliability of the research instruments.  This 

is whereby the questions will be gone through thoroughly by experts and thus advising the 

researcher accordingly.  Cronbach’s Alpha (α) will as well be used to test for the reliability.  

In this regard, the variables will be specifically tested and the variables that at least add up to 

0.7 value will be considered reliable. 

 Validity of the research instruments.  Validity is the meaningfulness in a research 

instrument.  By meaningfulness, in this context, we mean the ability of the instruments to 

bring out a clear understanding of the questions and the intentions of the study.  When 

research instruments are valid, the questions bring out a systematic flow whereby the 

respondent will experience fewer difficulties in responding to the questions.  Both content 

validity and criterion validity will be focused on the research instruments.  Content validity is 

the test for ensuring the research instruments answers the research questions and not anything 

also out of topic. 
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Data Collection Procedures 

 According to Mugenda and Mugenda (1999), data collection is the process of 

systematically seeking information from the research objects by use of the selected research 

instrument.  It is the actual gathering of research data for use in the study at hand.  

Questionnaires will be dropped at the respondent's working places and picked on an agreed 

date.  Based on the changes in technology some respondents may not be available physically 

at their designated working stations.  This will, therefore, call for seeking of alternative 

methods of reaching them and one of the methods is to ask for their addresses from the 

persons present at the working place and send them the questionnaire via emails.  They will 

be required to fill in the questionnaire and send them back at some agreed date as well.  

Afterward, all the questionnaires will be collected and brought together for sorting and 

analysis.   

 Data analysis.  Data analysis is the sorting and simplification of the information 

gotten from the respondents and making it appropriate for presentation and interpretation for 

easier understanding.  According to Bryman and Bell (2011), data analysis entails enhancing 

the usability of the responses by study respondents as per the study variables and making 

them bring out an elaborate framework of the research findings.  Analysis of the data for the 

study at hand will be based on the research objectives whereby the data will be graded based 

on the variables of the study.  The arrangement of the variables will be the key factor of the 

analysis since this will enable the identification of the questions as per the specific objectives 

set out for the study.  The Microsoft Excel will be used in analyzing the data.  All the 

quantitative questions in the questionnaire will be assigned codes.  Codes are numbers given 

to questions so as to enable easier understanding and bring out a language that can best be 

understood by the software.  The codes will be entered into the software and the responses 

entered thereafter.  These will be used to generate tables, charts, graphs and histograms which 
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are easily interpretable and thus making the findings profound.  Qualitative data will also be 

available and the data will be sorted and organized as per the research questions and 

presented on the findings part.  The data will be beneficial in determining the respondents’ 

views on the research questions.  They will be compared to the literature reviewed earlier in 

the study and any correlation determined.  ANOVA will be used to find out the correlation 

between the variables in the study. 

Limitations 

Limitations in a study are the shortcomings that in one way or another threaten to 

affect the carrying out of the study.  If not taken care of, these shortcomings might lead to 

undesired results and thus affect the entire process including the study findings.  The 

limitations may be controllable or uncontrollable.  Controllable are those factors that the 

research has authority and ability to counter and prevent whereas uncontrollable are those 

that are beyond the researcher’s ability to control.  On the other hand, delimitations are the 

activities and efforts that the research takes so as to counter the limitations that come his or 

her way in the dues process of carrying out the research.  Similar to other studies, the study 

will as well face a wide range of limitations.  While focusing on three main factors, Factor 1, 

Factor 2, and Factor 3, the present study assumed that these are the only factor inputs that 

XYZ Company uses towards producing given levels of output.  The study excluded other 

factors that may also be influential.  Hence, making the study limited.   

In other perspectives, the study adopted on historical data, that is, only past 

information was used to achieve the set objectives.  Such approaches limited the study to 

historical data, which may not provide a good representation of the current affairs of the XYZ 

Company.  Lastly, the DOE technique adopted did not consider other aspects, which are 

likely to have an impact on the operations and performances of XYZ Company.  For instance, 

best factor combination can also be influenced by competition.  However, the present study 
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ignored that aspect of business operations.  These are some of the limitations associated with 

the present study.   

 Elimination of bias.  Bias is the tendency of favoritism appearing in a study and 

manipulating or influencing the study findings.  It is the fairness that may be realized in the 

dues process of carrying out the study.  To counter this, gender neutral words will be used in 

the study and the respondents will be required not to indicate their races or any other unfair 

information. 

 Ethical considerations.  Ethics are the socially acceptable norms and behaviors that 

individuals in a certain place must adhere to.  The respondents will be asked not to write their 

names so as not to appear as if the study was meant to interrogate them.  They will also have 

the informed consent whereby their participation will be out of willingness.  The respondents 

will as well be informed that they can withdraw from the study if they felt so and could not 

be forced to participate in the study. 

P Value in DOE 

Hicks and Turner (1999) showed the following: 

In general, the p value of a test is the probability of obtaining a value of the test

 statistic that is at least as extreme as the calculated value when the pull hypothesis is

 true.  It is the smallest significance level at which the null hypothesis can be rejected. 

 Thus, if the agreed-upon value of α is less than the observed p value, the null

 hypothesis is not rejected.  (p. 25) 

Assignable Causes vs. Natural Variation 

Assignable cause also known as special cause that cause of variation which is in part 

of a process, it is stable variations.  A cause of variation is specific and not random by 

chance.  Oppositely, natural variation is not in part of a process and it’s unpredictable, 

unstable variation like noise.   



 39 

Summary 

The chapter covered the methodology used to carry out the study.  It involved the 

research design, population of the study, data collection procedures and data analysis 

methods used in the study.  The chapter presented the pilot study which was carried in order 

to test for validity and reliability of the research instrument.  The subsequent chapter will be 

chapter four which will present the findings of the study and the discussions and from this, 

the conclusions and recommendations will be made. 
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Chapter IV: Results 

XYZ Company has been facing tremendous challenges in choosing the best 

combinations of the inputs in its productions.  In the manufacturing industry, a lot of wastage 

occur whereby the right combinations of inputs are not adopted and this leads to increase 

using of inputs whose value of output is not significant to the input value.  The paper aimed 

at establishing the best combinations that XYZ Company can adopt so as to enhance its 

production as well as lowering the costs of production.  DOE is one of the commonly used 

and reliable methods of finding out the best combinations of inputs to enhance production.  

As literature reviewed shows, XYZ has been facing increased rejection of their produce due 

to poor quality as well as declined pass rate.  The role of every organization as Choi et al. 

(2013) contend is to meet customer demands such as quality and quantity demands.  In this 

context, organizations have to work round the clock so as to ensure that the customers are 

comfortable.  Many organizations across the globe have been failing to meet these customer 

demands due to a number of reasons such as poor technology and innovation, the poor 

organizational structure as well as poor production methods.  These are the major causes of 

business failure in the modern business market.  XYZ has as well been facing these 

tremendous challenges which have been threatening its performance and competitiveness in 

the modern market.  Due to the time constraint, the study focused on production methods of 

XYZ Company.  The study aimed at identifying the best factor combinations that XYZ can 

adopt to increase its performance and quality of productions using DOE method. 

The study was conducted by finding out the customer’s specifications and the inputs 

that the company was integrating to deliver the customer’s specifications.  The combinations 

of inputs involved in the production were then analyzed using Microsoft Excel so as to find 

the best inputs that could best fit the customer specifications.  The data was accessed from the 

company’s website. 
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Using DOE Method to Get the Best Factor Combination 

 Company XYZ wants to use the DOE approach to determine the best combination of 

process parameters.  There were three factors in this study: Factor 1, Factor 2 and Factor 3, 

each factor has its own range  

Table 1 

Three Factors with Its Own Range   

Factor Low High 

Factor 1 100 200 

Factor 2 80 150 

Factor 3 6 10 

The 23 full factorial design was used for this study.  Statistical software MINITAB 

was employed to design the experiment and analyze the outcome.   

 The follow table shows the experiment combination designed by MINITAB. 

Table 2 

Experiment Combination Designed by MINITAB 

Ex Factor 1 Factor 2 Factor 3 

1 100 80 6 

2 100 150 10 

3 100 150 6 

4 100 80 10 

5 200 150 6 

6 200 80 10 

7 200 80 6 

8 200 150 10 

 Engineers from XYZ company followed the randomized MINITAB generated 

combination to run the experiment, they run each combination for ten replications.  The 



 42 

samples were then send to a lab service agent for measurements.  The following tables 

summarized the outcome for the two critical measurements (outcome).   

Table 3 

The Outcome for the Two Critical Measurements-Customer Specification 1 

Customer Specification 1 3.323 +/- .006 Head 1      

Response Ex1 Ex2 Ex3 Ex4 Ex5 Ex6 Ex7 Ex8 

Sample 1 3.3229 3.3281 3.3254 3.3253 3.3124 3.3253 3.3067 3.3277 

Sample 2 … … … … … … … … 

Sample 3 … … … … … … … … 

Sample 4 … … … … … … … … 

Sample 5 … … … … … … … … 

Sample 6 … … … … … … … … 

Sample 7 … … … … … … … … 

Sample 8 … … … … … … … … 

Sample 9 … … … … … … … … 

Sample 10 3.3203 3.3267 3.3239 3.3247 3.3204 3.3241 3.3115 3.3259 

Table 4 

The Outcome for the Two Critical Measurements-Customer Specification 2   

Customer Specification 2 0.200 + .002 / - .001 Head 1 
Response Ex1 Ex2 Ex3 Ex4 Ex5 Ex6 Ex7 Ex8 
Sample 1 0.1987 0.1989 0.1997 0.1983 0.2000 0.1984 0.1991 0.1993 
Sample 2 … … … … … … … … 
Sample 3 … … … … … … … … 
Sample 4 … … … … … … … … 

Sample 5 … … … … … … … … 

Sample 6 … … … … … … … … 
Sample 7 … … … … … … … … 
Sample 8 … … … … … … … … 
Sample 9 … … … … … … … … 
Sample 10 0.1993 0.1988 0.1994 0.1984 0.1995 0.1985 0.1991 0.1990 
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Basic Model with Critical Dimension 1 

All the factors and their interactions were used in the base model.  The MINITAB 

results shown that all the factors and their interactions are considered as significant factors.   

 
Figure 2. Pareto chart of the Standardized Effects.   

The residual plots shown below indicates that the residual follows normal distribution 

which means there is no other factor that affect the critical dimension. 

 
Figure 3. Residual plots for CD1. 
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The following is the predict model from MINITAB output. 

Figure 4. Predict model from MINITAB output. 

From Figure 4, we can conclude that: 

1. The model is significantly represents the relationship between critical dimension 1 

and factor 1, factor 2, factor 3 and their interactions because p-value is less than 

0.000. 

2. The regression model fits the experiment outcome well with R-square equals 

95.70%. 

3. All the coefficients have p-value less than 0.000, which means they will need to 

stay in the predict model. 
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From the above three conclusions, the predict model for critical dimension 1 is: 

  CD1 = 3.33845 - 0.000337 Factor 1 + 0.000095 Factor 2 - 0.001177 Factor 3 

      + 0.000000 Factor 1*Factor 2 + 0.000031 Factor 1*Factor 3  

- 0.000009 Factor 2*Factor 3 

Basic Model with Critical Dimension 2  

Same as critical dimension 1, all the factors and their interactions were used in the 

base model.   

 
Figure 5. Pareto chart of the standardized effects CD2.   

According to the MINITAB output, only Factor 1, Factor 2, Factor 3 and Factor 1 and 

Factor 3 interaction are significant factors that affect the Critical Dimension 2.  This means 

the base model cannot be used as predict model for critical dimension 2. 

Stepwise Regression Model 

Since the base model could not be used directly as predict model, Stepwise 

Regression approach was used to determine the predict model of critical dimension 2.  

MINITAB backwards elimination with alpha level equals 0.05 was used as the limit for the 

elimination.  The follow figure shows the elimination setting. 
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Figure 6. Elimination setting.   

The elimination model results show that Factor 1, Factor 2, Factor 3 and Factor 1 and 

Factor 3 interaction are significant factors that affect the Critical Dimension 2. 



 47 

 
Figure 7. Pareto chart of the standardized effects.   

The residual plots below shown that there is no other factor that contribute to the 

predictor model. 

 
Figure 8. Residual plots for CD2.   
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Figure 9. Predict model from MINITAB output.   

From the above outputs we can conclude that: 

1. The model is significantly represents the relationship between critical dimension 1 

and factor 1, factor 2, factor 3 and factor 1 and factor 3 interaction because p-

value is less than 0.05. 

2. The regression model fits the experiment outcome well with R-square equals 

91.29%. 

3. All the coefficient have p-value less than 0.05, which means they will need to stay 

in the predict model. 

From the above three conclusions, the predict model for critical dimension 1 is: 

   CD2 = 0.195925 + 0.000019 Factor 1 + 0.000014 Factor 2 + 0.000144 Factor 3 

        - 0.000002 Factor 1*Factor 3 
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Best Factor Combination and Customer Specification 

The main aim of the study was to establish the use of DOE to find out the best factor 

combination that XYZ Company could adopt to perform well.  The figure below presents the 

findings.  The findings from the figure show the combinations will give the highest results for 

the company and those that will give the least results.  Figure 10 below shows that factor C 

has the highest number of squares (SS) thus any combination of inputs would first consider 

incorporating factor C for it to be preferred as the best factor combination.  XYZ can improve 

its performance by adopting the combinations that give the best results.  From the figure, 

combining the three factors would give the best results for the company as compared with the 

combination of factors A and B, B and C or A and C.  However, the cost of combining the 

three factors would be high and with low returns than the combination of any of the two 

factors.  Factors A and C in this context would give the best results by combining small 

amounts of the inputs to get SS of 12.41 as shown in Figure 10.                     

 

Figure 10. Use of DOE to determine the best factor combination for XYZ Company.   

 Based on the customer specifications, XYZ Company could adopt factor combination 
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give the highest value would be best for the company.  The combinations that a company 

should adopt as Dow et al. (2016) contend, should be the combination of factors that give the 

best quality results as per the specifications of the customers and the that are favorably costly 

to the company.  Every organization intends to make profit and therefore could only invest in 

productions that are profitable.  According to Shephard (2012), profits come as a result of 

making more sales and saving on costs of productions.  Best factor combination in this 

context entails integrating inputs combination that saves on production costs.  Using the 

findings from XYZ Company, 26472.9 would be the best value of the three factors of 

production that would be combined to give the maximum production capacity and at 

affordable costs for the company.  Specifically, factors A, B and C would be integrated in 

amounts of 8256.13, 9316.13 and 8256.13 respectively to give the maximum quality products 

as per the customers’ specifications and at a low cost.  This would eventually increase the 

performance of XYZ Company and its competitiveness in general.  Strategic decision making 

is one of the most important aspects for managing businesses in the current market trends.  

By strategic management in this context, the company’s management has the mandate to 

ensure that the decisions made are aimed at enhancing the development of the organization.  

This therefore means that the investment decisions made should go hand in hand with the 

goals of XYZ Company so as to be influential and aiming at maximizing the Company’s 

profits.  The figure below shows that some factor combinations that XYZ Company may 

adopt are literally low costly but on the other hand they are less productive in terms of quality 

and quantity as far as the customer demands and specifications are concerned.  This therefore 

means that the company’s management has the mandate to ensure that the combinations that 

they adopt are substantial and meaningful to the organization’s productivity.  As the literature 

reviewed above reveal, XYZ Company has been producing with the technicalities required 

but due to poor decision making they end up not meeting the customer specifications.  Any 



 51 

organization that seeks to exist and perform better in the current market has the mandate to 

ensure that it delivers the best quality and quantity to its customer.  Satisfying customers 

should be the key role of any organizational management and therefore creating time to 

indulge all the requirements of the customers should be at the forefront.  The findings show 

that XYZ Company has not been following keenly the specifications of the customers and 

working towards meeting them.  This has over long period of time slowed the productivity of 

the company and thus deeming the company as less productive.  The inputs for the company 

based on the findings are more than enough.  However, integrating the inputs by the actual 

and effective quantities has been a challenge for XYZ Company.  The company has been 

investing heavily in one input such as labor and forgetting the other inputs which are as well 

important to its productions.  Design of experiment entails mixing the factors of production 

(labor, capital and raw materials) in the highest rates possible that increase the quality of 

production.  In this context, quality entails the timeliness and the ability to meet the taste and 

preference of the customers.  In most of the cases, the raw materials may be valid and in the 

right quantities.  However, the company may have not invested heavily on the required skills 

and this will simply mean that the production will not meet the customer’s demanded quality.  

This will eventually ruin the profitability of the company and in this regard the performance 

will be affected as well.  Organizations exist because of the customers.  The customers are 

therefore the determinants of any organization’s growth.  This therefore means that if the 

managers of the organization do not meet the demands of the customers has no mandate to 

exist.  XYZ Company could have existed but its performance was genuinely not meeting the 

demands of the customers. 



 52 

 

Figure 11. Best factor combination to meet customer specification.   

Best Factor Combination as a Cause of Decrease in Rate of Rejection and 

Disqualification Rate 

 Through combining the factors of production in the right procedures and quantities, 

organizations reduce the risk of losing their customers out of poor quality of products.  Once 

a customer realizes neglect in the production, the chances are that the customer may find it 
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inputs so as to meet the customer specifications as well as expectations.  At some times, the 
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the products of XYZ Company reduce and the qualification of the products by the customers 

increase systematically.  As the figure presents, at some points, some of the mixtures of 

inputs will give high customer qualifications and low rates of rejection.  For instance, at point 

Q, the quality of the produce will rise significantly and this will mean that the customers will 

not reject the goods produced by XYZ Company as much.  This will eventually enhance the 

Company’s performance thus prolonging its existence.  To attain this high quality of 

production, some factors of production will be very little whereas other will be very high.  

The figure further shows that if the three factors are combined in the ratios of 0.99 : 1.00 : 

0.99 the maximum quality of productions will be at point W which is 7.  The point will be 

lower than 9.01 which in our case is the most preferred factor thus the other factors should 

combined into the ratios that meet this rate.  Customers in the current business world are 

attracted by quality, quantity and prices.  The company has therefore to focus on enhancing 

the customers’ demands which are quality, quantity and prices by ensuring that the factors of 

production that are integrated in the manufacturing processes take into consideration of all 

these factors.  Customers in most of the cases will consider the lower prices and thus follow 

the producer who has the lower price.  In a highly competitive market, consumers are very 

authoritative and for any organization to prolong its existence has to focus on the factors that 

will meet their demands.  To lower the prices and thus attract more customers, XYZ 

Company has to integrate the factors of production in manner that reduces the wastages and 

that enhances the quality of productions.  When customers reject the produce of an 

organization, it therefore means that the organization will run at a loss and this will 

eventually affect its existence.  Thus concentrating on the production methods that only meet 

one side of the coin will eventually mean that the customer will have to reject the produce 

and go to the more favorable side (Siderelis & Smith, 2013). 
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Figure 12. Best factor combination as a cause of decrease in rate of rejection and 

disqualification rate.   

Organizational development depends of its ability to gain competitiveness.  
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production process and thus costing the company in vain.  Through the best factor 

combination method, XYZ Company can identify the processes and skills that are less 

required and thus scrapping them from the entire process so as to save on the costs of 

production. 
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Chapter V: Discussion 

Best factor combination is one of the determinants of the quality production of any 

manufacturing company.  DOE is one of the best methods used globally to perform best 

factor combination.  To meet the customer demands, every organization has the mandate to 

determine the best combination of production inputs which determine the quality of the 

produce.  XYZ Company has been struggling to eradicate the overwhelming increase in 

customer complaints due to dissatisfactions.  The quality of the products has not been 

meeting the customer specifications and this as per the findings could have threatened the 

performance of the organization.  The chapter presents the discussions of the research 

questions as per the findings discussed in the previous chapter.  The chapter will also focus 

on the conclusion and recommendations of the study. 

The findings clearly show that XYZ Company has not been incorporating the right 

combinations of the factors of production.  This in turn has been affecting the performance of 

the company due to rejections by the customers as a result of poor quality.  As Hinkelmann 

and Kempthorne (2012) contend, organizations are kept by customers.  Therefore, following 

customer specifications and needs and manufacturing the goods as ordered by the customer is 

one of the best ways that a company can be assured of its existence and competitiveness.  In a 

highly competitive market, every player has to be keen to act strategically and avail all the 

aspects of competitiveness and make them practical and effective. 

Limitations 

Limitations in a study are the shortcomings that in one way or another threaten to 

affect the carrying out of the study.  If not taken care of, these shortcomings might lead to 

undesired results and thus affect the entire process including the study findings.  The 

limitations may be controllable or uncontrollable.  Controllable are those factors that the 
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research has authority and ability to counter and prevent whereas uncontrollable are those 

that are beyond the researcher’s ability to control. 

While focusing on three main factors, Factor 1, Factor 2, and Factor 3, the present 

study assumed that these are the only factor inputs that XYZ Company uses towards 

producing given levels of output.  The study excluded other factors that may also be 

influential.  Hence, making the study limited.  In other perspectives, the study adopted on 

historical data, that is, only past information was used to achieve the set objectives.  Such 

approaches limited the study to historical data, which may not provide a good representation 

of the current affairs of the XYZ Company.  Lastly, the DOE technique adopted did not 

consider other aspects, which are likely to have impact on the operations and performances of 

XYZ Company.  For instance, best factor combination can also be influenced by competition.  

However, the present study ignored that aspect of business operations.  These are some of the 

limitations associated with the present study. 

In addition, some Design of Experiments results may not fit a linear regression model, 

quadratic factors may need to be included.  If this happens, engineers needs to run additional 

experiments by using Response Surface Design to include the quadratic factor in the 

regression model. 

Conclusion 

From the findings, the study concludes that using DOE to determine the best factor 

combination is one of the best ways to ensure that organizations meet the required quality of 

productions by the customers.  In this regard, every organizations has the mandate to ensure 

that the inputs are combined in the best way possible that makes the quality of their products 

meet the requirements by the customers.  The findings shows that determining the best factor 

combinations has been a challenge to man organizations and this gets support from 

Hinkelmann and Kempthorne (2012) who contend that entrepreneurs especially in the 



 58 

manufacturing industry continue to face significant problems when it comes to making 

decisions regarding specific combination of factors that need to be put into place for the 

purposes of coming up with a product.  Any product will always require some specific 

quantities of inputs which have to meet the levels required for better quality output. 

 The study further concludes that the DOE can act as the best determinant of the 

quantities of inputs that a manufacturing company, such as XYZ Company, can use to reduce 

the rate of rejection.  As Kuram et al. (2013) point out that certain combinations may lead to 

the production of undesired quality of products which, in turn, will lead to the rejection of the 

products by the customers.  Rejection will increase the chances of the organization failing, 

since the customers may lose their trust with such a company. 

Recommendations 

XYZ Company is one of the companies that have been facing tremendous challenges 

in deciding the amount of factor of production to be combined for production of high quality 

products that meet the customer demands.  The company has been facing a lot of rejections 

from the customers since their products have been underscoring as far as quality is 

concerned.  The study therefore sought to find out the best combinations that the company 

can adopt and how to determine the combinations by use of Design of Experiments (DOE) 

method.  The findings established that through use of DOE, the company could achieve the 

best as far as quality is concerned.  The study therefore recommends that organizations like 

XZY Company should incorporate the use of DOE so as to avoid the issues related with low 

quality products such as rejections by the customers and dissatisfactions which lead to 

customer diversions.  The study further recommends that companies should strategically use 

DOE in determining the best factor combinations to minimize on the costs of productions that 

come as a result of using poor combinations of inputs which lead to wastages. 
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Appendix: Questionnaire 

The aim of the study is to investigate the Application of Design of Experiment (DOE) in 

determining the Best Factor Combination.  Kindly respond to the questions below as per the 

guidelines.  Thank you. 

Section A: Background Information 

Please Indicate your academic qualification: 

Undergraduate  [  ] 

Masters  [  ] 

PhD   [  ] 

How long have you worked for XYZ Company? 

2 years and below [  ] 

3-5 yrs   [  ] 

6-8 Yrs  [  ] 

9-12 Yrs  [  ] 

Above 13 Years [  ] 

Section B: Relationship between best factor combination and pass rate improvement 

Has XYZ Company adopted DOE method? 

Yes  [  ] No  [  ] 

If yes, has the method been effective in improving the pass rate? 

Yes  [  ] No  [  ] 

How would you relate DOE with the pass rate in your organization? 

Highly relate  [  ] 

Moderate Relate [  ] 

Low Relate  [  ] 

Do not relate  [  ] 
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Section C: DOE and Qualification rate 

In your opinion, do you think use of DOE has enhanced qualification rate of XYZ 

Company’s products? 

Yes  [  ]  No  [  ] 

How effective is the DOE method in enhancing qualification rate? 

Very effective  [  ] 

Moderate effective [  ] 

Low effective  [  ] 

Not effective  [  ] 

Section D: DOE and Rejection rate 

In your opinion, do you think DOE method has reduced the rejection rate of XYZ Company’s 

products? 

Yes  [  ]  No  [  ] 

How can you describe DOE method in the rejection rate perspective? 

Appropriate for increasing products quality  [  ] 

Enables meeting of the customer specifications [  ] 

Reduces the wastage of resources   [  ] 

What are some of the challenges that XYZ has been facing when implementing DOE 

method? 


