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Abstract— In this paper we present a decision analytic to analyze different product development scenarios and obtain the optimal recommendation on the product development time. These scenarios differ in many aspects such as the product complexity level, the competitor’s quality level, price demand-sensitivity. The objective to generate managerial insights on how much time should a company spent in the development when theses market characteristics differ. In general, product development time is sensitive to this market and yet the optimal strategy varies. 
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I. INTRODUCTION  
Current aggressive market competition demands companies selling similar products to exploit the four elements of the product marketing mix, namely Product, Price, Promotion and Place. However, for any company the problem of choosing the right product characteristics (e.g. quality, price, etc.) to increase the number of satisfied customers is a complex one. For instance, product quality and price depend on time-to-market, which is indeed a critical component where products outdate quickly. However, shortening time-to-market by skipping steps of the development process, would compromise the product quality. Hence, too fast and too slow time-to-market would affect a 

company’s market share. Therefore, in order to acquire a decent market share companies would be looking at creating satisfied customers with positive quality perceptions. .Company’s commitment to manufacturing function and organizational culture is the most important contributor to reducing development time of high quality products introduced at the right place and at the right time, which would then contribute directly to the expansion of its market share. Therefore, a company has to decide on how much time to spend on the product development process given that total time is the summation of development time and the time at market. Such a complex decision process which would determine the price (markup of development cost), the product performance is further discussed later. 
 

The objective of this research work is to provide a managerial insight tool on how much time should be spent on product development in order to maximize profit given different market segmentations with varied prices, demand sensitivity with the price, and competing products quality. 
The results of 200 thousand logit model scenario runs on optimal decision for development time and product quality revealed a number of interesting managerial insights to support the product development decisions. It was found that spending longer time on development process is recommended where development cost is relatively low 

compared to the price, competitor’s quality improves, and/or market is less sensitive to the price while development cost is low. However, a shorter time is recommended where competitors have low quality product and it takes a company shorter time to achieve a superior quality. Intuitively, company should spend less time on development process as the market becomes more sensitive to the price or the cost for development is high. 
Furthermore, it is recommended to introduce superior quality products when competitors has low quality products but only when time on development process to achieve superior quality is short. Otherwise, low to average quality is recommended in the scenarios where the time to achieve superior or 100% quality is long. 

II. LIETERARURE REVIEW  
Today’s aggressive market competition demands for low price, high quality and a longer market window [1] [2]. The successful companies are able to faster introduction their products in the market efficiently with high quality. Researchers therefore emphasized to integrate marketing with product manufacturing process [3][4] [5]. The product manufacturing process is consisted of several accompanied processes such as design and development, manufacturing and selling for necessary profit [6]. The product manufacturing process involves with uncertainties due to market demand, which integrates with price and quality. The price and quality of the product also depends on the speed of time-to-market and its accompanied quality. 



Shorter product development lead-time is nowadays essential for company, which wishes to pertinent in competition or ahead of their competitors respectively. This shorter lead-time directly influences the product’s introduction to the market or time-to-market. The time-to-market is considered as the critical component in the new product design and development process [7] [8]. (Moreno-Moya and Munuera-Aleman, 2016; Stock et al., 2018). This philosophy is especially important due to the shrinkage of product life cycle. In order to achieve required benefits from market share companies are looking forward to get early into the market with their new product before there is any competition [9] [10]. Such early introduction to the market offers the companies also charge premium price and to be profitable. On the other hand, late introduction to the market increase the chance that the product is already outdated causes huge financial loss to the companies. Due to the globalization of competition, companies are forced to faster time to market and cheaper development cycle times [11]. To reduce time-to-market companies need to promote organizational integration and stress the importance of design for manufacture. The commitment of manufacturing function and organizational culture is identified as the most important variable in reducing development time of new products [12]. Faster product introduction to the market enables firms to 
exploit the ‘market window’ and to secure a larger market share with enhanced price premium and extended sales life.  This phenomenon offers a price premium before other competitors enter the market [13][14]. If a company able to reduce its product development lead-time through redefining its design strategy, it allows the company to start later with the advantage to incorporate the latest features and technologies in the product. Reduced time-to-market offers the opportunity for more product launches and better market intelligence and response from potential customers . 

III. DECISION ANALYTIC MODEL  
Consider a product development process where the company competes with the dominant competitor. The product demand is a function of price, quality, and time-duration in the market. The product consists of various core and non-core components shape the performance.  The early launching of the product may result in less performance, cheaper product, but longer time in the market.  On the other hand, the late launching may have an outstanding performance, an expensive product, but short time in the market. These conflicting objectives need to be optimized and balanced. Therefore, we develop a mathematical model that can give managerial insights to the company where the decision variables are the development time and product quality.  

 
Fig 1. Product Development Process  

 
Therefore, the company has to decide how much time to spend in the development process given that total time is the summation of development time and the time in market (Fig. 1). This decision will determine the price (markup of development cost (C) ).  
Profit = D.P – C             (1)  
Demand (D) is assumed to have a nonlinear curve with price (P), which is more general than the Linear Demand Model. The demand model presented in the paper means that each customer will buy a product either from the firm or from the competitor. The price regulates the number of customers of the total population that potentially can afford to buy the product in that price zone. The probability that a random 
customer entering this price zone will buy the firm’s product is provided by means of discrete choice theory.   The number of customers lPD who are willing to pay at least 
Pl out of the total market size N   
( ) ( )1 ; 0        lD P N P = −       (2) 

Where l is the set of potential prices (i.e., l= {1, 2…f}) and η is price-demand sensitivity parameter. This parameter can be estimated from historical data or marketing surveys.  Therefore, the portion of customers who are willing to pay Pi but not Pi+1 (i.e. the next higher price) will be 
𝑅𝐷𝑖 = 𝐷(𝑃𝑖) − 𝐷(𝑃𝑖+1)                    (3)  
The difference between the two prices’ circular areas represents residual demand [8].Note that each donut shape represents the number of customers that are willing to pay that price out of the total population (market size).In many cases there are several competitors that sell the same product 
at the same price set by the firm. However, the firm’s market share is determined by its performance (Fig. 2).   
 
Profit is the clear economic objective that measures the success or failure of Six Sigma. The following assumption will be applied throughout the paper. 
The firm competes with its dominant competitor.It has full 
awareness of that competitor’s price, Pc, and performance, Qc. 
 



 
Fig 2.  Market Share at given Price Pi 

 
The customers have a logarithmic value over performance. 
Following the above assumption, the market share M at a price Pi and a quality Qi is given as 
𝑀 = 𝑅𝐷𝑖

𝑒𝑈(𝑄𝑖)

𝑒𝑈(𝑄𝑖)+𝑒𝑈(𝑄𝑐)                           (4) 
The logit model assumes that customer value is the sum of two components: observable and non-observable attributes. The deterministic component is servable by U (Qo) and is a monotonic function of product performance. The random part is assumed to have a double exponential distribution function.  The probability that a random customer that is willing to pay P to purchase the firm’s product is simply the probability that the product will give the highest value to that customer. Assume that the customer has a logarithmic value function.  

( )( ) ( )( ). ln .U Q Q=                         (5) 
Assume that the performance achieved is a linear production function of the time spent in the development. The total performance will be achieved when the team spends the total duration which obtained as 
Estimated Total Devlopment time= * *A PC D  
Thus, the performance is assumed a linear production of time spent in the development.  
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From which we can drive  
The Optimal devlopment time 𝑡𝑑𝑒𝑣𝑙𝑜𝑝 = −𝐴𝐷𝛼PC  + 
√𝐴2𝐷2α(𝑐 − 𝑃)(−1 + 𝑃η)(−𝑐 + 𝐶 + 𝑃 + (𝑐 − 𝑃)𝑃η)PC2Qc(𝑀 + Qc)

−𝑐 + 𝐶 + 𝑃 + (𝑐 − 𝑃)𝑃η
 

IV. MANAGERIAL INSIGHTS  
The objective is to provide managerial insights to the company given different market properties. These market properties varies in price, demand sensitivity with the price, and competing products quality. Moreover, there are also different product development processes such as development cost per time and actual minimum time to have a superior or 100% quality achievement in your product. The company would like to make decision on how much time should they spend such that they maximize their profit given different market segmentations. We run 200 thousand scenarios to generalize the decision on product quality and the development time.  The results of the optimal solutions on product quality and development reveals interesting managerial insights to support the product development decisions. It is recommended  to spend highest amount of time in the development process when the development cost is relatively low compared to the price. However, as the cost for development decrease, then less or even minimum time should be spent (Fig. 3) 
 



 
Fig 3 Product Development time in four different price segment- development cost. 
 

 
 
 
Fig. 4 suggests that the company spend short duration the deployment when the competitor has a low quality product and it takes the company short time to achieve superior quality. The company should spend long duration in the development as the competitor quality improves. In addition , the company should spend more time on development when the market is less sensitive to the price when the development cost is low. Intuitively, the company should spend less duration as the market becomes more sensitive to the price or the cost for development is high Fig. 5. In Fig. 6, it is always recommended to introduce superior quality product the competitor has a low quality product but only when the duration to achieve superior quality is short. Otherwise, low to average quality is recommended in the scenarios where the time to achieve superior or 100% quality is long.  
    

 
Fig 5  Product Development time in four different demand segment- development cost    
 

 
Fig 6.   Optimal quality policy for four-competitor quality 
– time to achieve superior quality. 
Product development process can be characterized by two factors: cost and duration. There are process that has a huge development cost and duration such as pharmaceutical products. Others that are low in cost and duration like mobile apps industries. Generally, as the cost for development is high then less time is spent on the development. 

V. CONCLUSION   
We present a decision analytic model to generalize the product development process time in various market properties. These characteristics varies in price demand sensitivity, competitor quality level, development cost, and product complexity. Product complexity was measured, as the actual time to achieve an outstanding quality, i.e. complex product needs more time to receive 100% quality. The optimal strategy on the how much time spent on development varies as the market conditions change. For example, it is recommended to introduce cheaper product with low quality level when the actual development time is high and 

Fig 4.  Product Development time in four different quality segment- development time 



competitor has a low quality product.  Moreover, it is better to introduce best quality product when the product is not complex. The managerial insights was summarized in the figures. 
 

 
Fig 7  Optimal quality policy for four-product development process. 
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