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Abstract 

The purpose of this study is to evaluate the relationships between lean 
manufacturing dimensions and radical product innovation in the Jordanian 
Pharmaceutical Sector. These dimensions entailcontinuous improvement, 
waste minimization, lean job characteristics and employees' involvement. 
In order to achieve this objective, this study used a survey-based 
questionnaire as a data collection method. 164 questionnaires were gathered 
from 10 Jordanian Pharmaceutical manufacturers, and multiple 
regressionswere used to evaluate the relationships between the dependent 
and the independent variables.The findings revealed that continuous 
improvement and waste minimization dimensions have no statistically 
significant effect on radical product innovation, while the other two 
dimensions; lean job characteristics and employees' involvement have 
statistically significant relationships with radical product innovation. 
Moreover, the analysis results showed that employees' involvement has the 
greatest effect on radical product innovation.These results highlighted the 
importance of the human side in radical innovation and clarify different 
direction of the relationships between lean manufacturing dimensions and 
radical product innovation. Based on theseresults, many recommendations 
were suggested, one of them is to increase employees' involvement in 
decision making process that is related to the production process, to enhance 
their ability to innovate. 
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Introduction 
 Intensive, hyper global competition, short product life cycle, and 

rapid technological development, force companies to find new ways in 
generating profit and increasingly rely on innovation,either internationally or 
locally (Dunk, 2011). 
 In order to sustain its competitive advantage and survive in such 
environment, companies should not rely on a specific bundle of resources 
and capabilities, they must continuously develop new capability align with 
the new changes; in other word, they should have a dynamic capability and 
innovation identified as a value creating dynamic capability (Zhang, 2011). 

 Through innovation and product development, companies can attract 
and retain customers, strengthen ties with distributors; therefore, gaining a 
competitive advantage is the reason innovation is considered as the 
"bloodline" of companies (Kotler and Keller, 2006).  

 Many companies tend to implement a range of techniques, exploit a 
variety of approaches and operate according to different philosophies 
because of the increasing pressure to be effective, efficient and competitive 
in their industry. These pressures consist of the need to diminish costs, 
elevate flexibility, improve quality, reduce variability and decrease lead time 
(shorten product time-to-market) (Radnor and Boaden, 2004). 

 Moreover, today customers demand a better quality with a shorter 
delivery time at the lowest cost, in addition to the increasing demand for new 
products and the accelerated technology which reduce the product lifecycle 
and challenge manufacturers all over the world to find an improvement 
strategy (Tsinopoulos and Al-Zu'bi, 2012; Taj and Morosan, 2011). Being 
better requires an excellent operation, and a comprehensive strategy, such as 
lean manufacturing strategy (Lind, 2008). 

 Different studies claim that process' performance improvement and 
innovation are negatively related with conflicting ambitions (Johnstone, 
2011), thus one of the industries that face this challenge is the 
pharmaceutical industry. According to Hoffmann and Bishop, (2010), the 
highest tension in the research discovery industries is the pharmaceutical 
companieswhich arise from the opposing goals of being efficient and 
innovative at the same time;however, this has led some observers to state 
that the regular operating form for medicine / drug discovery and 
advancement has been diminished. Therefore, numerous strategies in 
improving the effectiveness and the efficiency of the drug's discovery and 
advancement have been explored across the businesses (Johnstone, 2011).  

 Therefore, lean manufacturing and innovation are two driving forces 
for today's business success. Lean manufacturing is about eliminating 
activities that do not   add value to the product or service (Womack et.al, 
1990), i.e. it is concern with efficiency, while innovation is about creating a 
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new product or improving an existing product (Baregheh et.al, 2009), which 
require in depth and costly researches. So, companies that adopt both lean 
and innovation at the same time will gain a competitive advantage in the 
long run (Chen and Taylor, 2009). 

 Despite the increased importance of both innovation and efficiency in 
today's uncertain business environment, and the need for further studies to 
achieve the balance between lean and innovation (Chen and Taylor, 2009), 
there is relatively little work that link lean manufacturing dimensions and 
radical product innovation. 

 Due to lack of researches and beginning from the importance of the 
pharmaceutical sector for Jordanian economy, with its opposite needs (to be 
efficient and innovative at the same time) (Global investment house, 2007), 
this study aims to evaluate the relationships between lean manufacturing 
dimensions and radical product innovation in Jordanian Pharmaceutical 
Sector and how does this relationship if existent, impact innovation and in 
what direction? 

 Previous studies suggested four dimensions to be further studied as 
parts of lean manufacturing. Hasle et.al, (2012), recommended future 
research to study lean as a socio-technical approach and its effect on working 
environment. However, it is important to go deeply in studying lean practices 
such as job characteristics, autonomy, social support, participation, and skills 
utilization. Haan et.al, (2012), recommended studying the effect of 
continuous improvement (Kaizen) on employees' creativity in term of ideas. 
Moreover, the effect of lean principles/practices on employees is 
controversial.On one hand, it demonstrates teamwork and employees 
participation, while on the other hand, it stress employees by time pressure, 
so it is important to clarify this impact (Seppälä and Klemola, 2004). 
Therefore, this study will take continuous improvement, waste minimization, 
lean job characteristics, and employees' involvement as four dimensions of 
lean manufacturing. 

 Consequently, the main objectiveof this study is to evaluate the 
relationships between lean manufacturing dimensions and radical product 
innovation in the Jordanian pharmaceutical industry. Thus, in order to 
achieve this objective, this research aims to answer the following questions: 

1. What are the nature and the direction of the relationship between 
Continuous improvement, waste minimization, lean Job 
Characteristics, employees' involvement and radical product 
innovation?  

2. To what extent lean manufacturing dimensions and radical product 
innovation are practiced? 
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Literature review and hypotheses development 
 While radical product innovation has been the main focus of the 

management researches, process innovation has led to the operations and 
quality management literature (O'Sullivan & Dooley, 2009). 

 Over the industry life cycle, the importance of both types of 
innovation product or process (including lean manufacturing) is extremely 
high for seeking and keeping competitive advantage. Companies develop 
processes to diminish costs, improve quality, shorten lead time and of course 
add value to customers. Moreover, product innovation occasionally occurs 
either by new product development or gradual improvement (Utterback, 
1996). 

 Despite the above, few researchers studied the relationships between 
lean manufacturing dimensions and radical product innovation. 
 Mehri, (2006), observed the Toyota production system and found that 
lean design have a negative effect on workers' potential for creativity and 
innovation, through focusing on waste minimization, standardization and 
using benchmarking to improve existing product instead of brainstorming  

 Melnyk, (2007), studied the relationship between lean practices and 
the availability of resources required for radical and incremental innovation. 
He found a positive relationship with incremental innovation, and also found 
a negative one with radical innovation in term of the attitude toward 
variability, risk-taking and slack, and in term of culture.  In other word, the 
attitudes and skills required for lean environment will not work effectively 
for radical innovation environment.   

 Chen and Taylor, (2009) added to Mehri, (2006) and Melnyk, (2007) 
in studying the impact of lean management on innovation capability in term 
of culture, lean design, lean supply chain and human resources. Thus, they 
found that there are negatively related. Therefore, in order to reduce the 
negative effect of lean manufacturing on innovation, they recommended 
companies to choose one of these strategies based on its characteristics and 
its products: implement lean innovation (which applies the lean concepts to 
the R&D facilities in order to get  product differentiation with minimum 
resources), outsourcing (apply lean practices and outsource innovation), 
innovative Product Development Process technique, or separate innovation 
center which depends on the product and the company's characteristics. 

 Chen et.al, (2010) examined the pitfalls of lean automated so as to 
avoid it, embrace opportunities and discover a negative relationship between 
lean manufacturing and radical innovation in term of waste, human 
resources, distributed design, supply chain management, customer 
management, and the financial system.  
 Chen, (2012) concluded in his study of the relationship between lean 
design practices on an organizations' radical innovation, that there is a 
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negative relationship between organizations' radical innovative capability 
and standardization in lean design practices. 
 Accordingly, the main hypothesis of this study is described below: 
 H0: There are no significant relationships between lean 
manufacturing dimensions and radical product innovation 

 The objective of this study is to evaluate the relationships between 
lean manufacturing dimensions and radical product innovation in Jordanian 
Pharmaceutical sector. Thus,Haan et.al, (2012), recommended studying the 
effect of continuous improvement (Kaizen) on employees' creativity in term 
of ideas. Moreover, the effect of lean principles/practices on employees is 
controversial; on one hand, it demonstrates teamwork and employees 
participation, while on the other hand, it stresses employees by time pressure 
and so it is important to clarify this impact (Seppälä and Klemola, 2004). 
Based on the fact that this study will take continuous improvement, waste 
minimization, lean job characteristics, and employees' involvement asthe 
dimensions of lean manufacturing and study their effect on radical product 
innovation, the following section shows the relationships of each variables 
and radical product innovation as mentioned in the literature. 

 
Continuous improvement and radical product innovation 
 One of the main practices of lean manufacturing is continuous 
improvement that maintain perfection, (Abdullah, 2003; Engum, 2009), 
which leads companies to focus on short-term activities that add value to 
customers. In other word, the focus is on current needs without looking at 
building long-term competitive capabilities that can meet customers' needs in 
the future. Therefore, they focus on incremental (market-pull) innovation, 
instead of radical (technology-push) innovation (Chen et.al, 2010; Rae, 2007; 
Chen and Taylor, 2009). Being a type of disruptive innovation, radical 
product innovation depends on pushing the product into the market 
(Markides, 2006), while lean production and continuous improvement focus 
on the improvement on what they get from the customers (market-pull) 
(Womack and Jones, 2003). Over time, the enabling of incremental and 
continuous change has become an inhibitor for radical innovation (Chang 
et.al, 2012). This leads to hypothesis one: 
 H0.1: There is no significant relationship between continuous 
improvement and radical innovation 
 
Waste minimization and radical innovation 
 Lean culture focus on the elimination of different types of waste (idle 
time, materials, equipments and parts) and non-value-added activities (Taj 
and Morosan, 2011; Chowary and George, 2011; Eswara-moorthi, 2011) 
which might eliminate the extra time and resources needed for innovation 
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and creativity. Tight resources can push and lead employees to use their 
creativity in finding additional resources, instead of generating new ideas for 
product (Amabile, 1998; Chen and Taylor, 2009, Chen et.al, 2010). 
 Furthermore, production pressure limits employees' ability to learn 
(Sterling and Boxall, 2013), and reducing available time can negatively 
affect the creativity of employees. Generating new creative ideas need highly 
motivated employees (Amabile, 1998), and too much time elimination can 
stress employees and frustrate them, thereby reducing their motivation (Chen 
et.al, 2010; Chen and Taylor, 2009; Amabile, 1998; Amabile et.al., 2002). 

 Moreover, lean concepts / principles focuses on "doing things right" 
(Rae, 2007; George, 2002; Engum, 2009; Abdullah, 2003), thus reducing the 
risk of failure (Chen and Taylor, 2009), while radical innovation happen 
suddenly and require risk taking and accepting failure for a certain degree.In 
other word, it is based on trial and error which is regarded as a waste 
according to lean thinking (Rae, 2007; and Taylor, 2009; Sehested and 
Sonnenberg, 2011). So, waste minimization negatively affects radical 
product innovation (Chen and Taylor, 2009; Rae, 2007). This leads to 
hypothesis two: 
 H0.2: There is no significant relationship between waste 
minimization and radical product innovation. 
 
Lean job characteristics and radical product innovation 
 Job characteristics are important factor / predictor of employees' 
motivation (Haan,et.al, 2012). According to Sterling and Boxall, (2013), 
employees who exert less control over their job (Job control refer to workers' 
job autonomy (Oeij et.al, 2006)) and encounter a stressful situations, are less 
likely to have the motivation to learn.   

 In parker, (2003) study of the lean UK factories implementation of 
lean, she found that although the work speed improved, the workers' 
autonomy went back.Also, Lorenz  and Valeyre's, (2005) survey showed that 
assembly line workers job autonomy, participation in decision making, and 
skills utilization reducedalso. 

 Lean practices focus on improving products' quality and reducing 
product variability through standardization (Abdullah, 2003; Engum, 2009; 
Chen and Taylor,2009; Chen, 2012), i.e. low task variety which negatively 
affect employees motivation (Treville and Antonakis, 2006). Also, lean jobs 
have increased work speed and demands, with low job control, freedom and 
autonomy (Hasle et.al, 2012). However, reducing the job characteristics / 
dimensions (task variety, and autonomy) therefore negatively affect 
employees' motivation and companies' radical innovation capability; and 
routine which kill creativity (Chen and Taylor, 2009; Amabile, 1998; Chen, 
2012). 
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 This leads to hypothesis three: 
 H0.3:  There is no significant relationship between lean Job 
characteristics and radical innovation. 
  
Employees' involvement and radical product innovation 
 For lean employees' ability to learn new things, participation in 
problem-solving teams and empowerment are increased (Lorenz and 
Valeyre, 2005; Sterling and Boxall, 2013). 
 A fundamental strategy in lean is the bottom-up strategy in which 
employees are involved in continuous improvement process in discovering 
the sources of waste so as to discard them. Thus, this increases employees' 
creativity (Haan, et.al, 2012). 

 Furthermore, lean manufacturing focus on involving employees in 
problem solving and self management teams that enhance their opportunity 
to participate in decision making process (Sterling and Boxall, 2013). 

 According to Sterling and Boxall, (2013), a key variable that affect 
employees' learning is employees' empowerment for solving their problems 
and organize their work.  Therefore, it encourages self-directed and cross-
functional work teams (Womack et al., 1990).  
 Moreover, radical innovation requires new abstract original creative 
ideas that require lateral and informal communication between 
employees,culture that support decision making and teamwork (Mehri, 2006; 
Chang et.al, 2012) to generate a large variety of ideas and involving and 
integrating the employees in problem solving process which is one of lean 
manufacturing practices (Hasle et.al, 2012). Moreover, Bikfalvi, (2011), 
found a positive relationship between new product, flexibility and teamwork. 
This leads to hypothesis four:  
 H0.4: There is no significant relationship between employee 
involvement and radical product innovation 
 The previous discussion result in the following model figure 2.1 
 
The Conceptual Model 
Independent variable                      Dependent variable  
 
 
 
 
 
 
 
 
                                                                            Figure 2.5: The Conceptual model: 
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Research Method 
 The objective of this study is to evaluate the relationships between 
lean manufacturing dimensions (continuous improvement, waste 
minimization, lean job design, and employees' involvement) and radical 
innovation in Jordanian Pharmaceutical sector. However, based on that,there 
are five variables to be measured.The four independent variables (measure 
lean manufacturing dimensions) are Continuous improvement, Waste 
minimization, Lean Job Characteristics, Employee involvement; while the 
one dependent variable is Radical Product innovation. 

 This research used primary and secondary data collection methods. 
The researcherreferred to publications, case studies, periodicals, companies’ 
websites and others as a secondary method. A questionnaire based survey 
was disseminated to the targeted companies, and all the questionnaire's items 
were taken from prior researchers who studied the lean manufacturing 
dimensions variables (continuous improvement, waste minimization, lean 
job design, and employees' involvement) and radical product innovation. 

 The questionnaire consists of 41 statements which measure the 
study's variables, both the independent variables (lean manufacturing 
dimensions) and the dependent variable (radical product innovation). 
However, table 3.7 presents the items numbers for each variable. 

 The statements from (1-20) will be used to measure lean 
manufacturing dimensions, and statements from (21-41) will be used to 
measure radical product innovation. As mentioned before, the rating scale of 
this questionnaire consists of five points which are strongly disagree, 
disagree, Neutral, agree and strongly agree. 
 Therefore, the statements of waste minimization (7-10), lean Job 
Characteristics (11-17) and statements of Radical product innovation (27, 28, 
32, 34, 36, 37, and 38) were given a reverse coding. 
 
Data Collection 
 To achieve the study's main objective in evaluating the relationships 
between lean manufacturing dimensions and radical product innovation in 
Jordanian pharmaceutical sector, this research targeted the pharmaceutical 
manufacturers that are registered in the JAMP which are 13 companies. Due 
to the small population, the sample n and the populations N was the same. In 
other word, this study considers a field study. Data was gathered from this 
sample using a questionnaire. The data collection process was conducted as 
follows; first of all, the researcher communicateswith the pharmaceutical 
manufacturers by telephone in order to contact the department responsible 
for gaining approval for distributing the questionnaires. Thus, most of the 
time,the human resource department was the one responsible for it. Then 
small interviews were conducted with the human resources mangers and 
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other mangers from the targeted departments (production, quality, R&D, 
supply chain management, and technical support). These small interviews 
were conducted in order to gain an understanding of the company's 
information in term of their departments and the number of product lines to 
determine the number of questionnaires to be distributed in each company 
(this number depends on the departments they have and the number of the 
product lines). 

 Questionnaires were directly delivered to most of the companies. 
However,only two companies questionnaires were sent by e-mailwhich was 
followed by continuous reminders. Moreover, the questionnaires were 
personally administrated in one company, and the overall process of data 
collection took around two months. 
 
Measurement analysis 
Content and face validity 
 As mentioned before, the questionnaire's items for each variable were 
taken from previous researches. The items that measure the dependent 
variable, radical innovation were taken from Stanley (2012) and Tellis et.al 
(2009), thus the items that measure the independent variables were adopted 
from different sources. For instance, for continuous improvement, items 
were taken from AlKhalil, (2011); for waste minimization, items weregotten 
from Eswaramoorthi et.al (2011); for lean job characteristics, items were 
taken from Morgeson&Humphbrey (2006); and for employees' involvement, 
items was obtained from Hofer et.al, (2012) and Oslen (2004).  Because all 
items were taken from published papers in a scientific Journal, this 
questionnaire have content and face validity (Sekaran and Bougie, 2011). 
 
Internal Validity 
 In order to test the internal validity of the study's instrument (the 
questionnaire), pilot study was conducted for 60 respondents in managerial 
positions from different branches of the Jordanian Pharmaceutical 
Manufacturers. Pilot study is a small study carried out prior to the main 
study, in order to check deficiencies in the study's design, and at the same 
time improve the efficiency and the quality of the research (Altman et.al, 
2006). Based on this pilot study, factor analysis was conducted in 41 items; 
21 items for the dependent variable (radical product innovation), and 20 
items for the independent variable (lean manufacturing dimensions). 
Therefore according to the analysis results, 20 items were excluded because 
they do not align with the other items and do not demonstrate an internal 
validity. This analysis results with the second questionnaire (appendix 2) 
which was used to measure the study's variables for the study's sample. The 
next chapter of this study shows the factor analysis with further details. 
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Reliability 
 Reliability in this case means the consistency of the measure of the 
research questionnaire (Field, 2011; Sekaran and Bougie, 2011). Cronbach's 
alpha α is the most frequently used measure of reliability (Field, 2011). 
Table 3.1 presents the Cronbach's alpha α for each variable. All values of 
Cronbach's alpha α are above 0.69 which is close to one, which mean that the 
measurement (questionnaire) is more reliable. 

Table 3.1 
The results of reliability test: Cronbach's Alpha 

Construct Cranach's Alpha 

Independent variables 

Continuous improvement .768 

Waste minimization .830 
Lean job characteristics .864 
Employees' involvement .797 

Dependent variables 

Radical product innovation .695 

 
Hypotheses Testing 
 In order to examine the study's hypotheses, regression analysis was 
conducted. Multiple regression analysis is a method that predicts the value of 
dependent variable or outcome from the independent ones (predictors) (field, 
2011). So, it was used to predict the value of radical product innovation 
(dependent variable) from lean manufacturing dimensions,continuous 
improvement, waste minimization, lean job characteristics, and employees' 
involvement (independent variables). The following section shows the 
results of the main and the sub hypotheses testing. 

 First of all, the goodness of fit of the model was calculated. The 
coefficient of the determination (R square) "is a statistical measure of how 
well the regression line approximates the real data points. R square, is the 
percentage of variance in the dependent variable that is explained by the 
variation in the independent variable" (Sekaran and Bougie, 2011: 349).  If R 
square is close to 1, this means that the model can explain the variation in the 
dependent variable, while if it is close to zero (0), the variation in the 
dependent variable cannot be clarified by the regression model (Sekaran and 
Bougie, 2011). 

 Table 3.2 (A) presents the statistics of the multiple regression 
models, taking into account the effect of the company size, company age, 
employees' role duration, and the department and position of radical product 
innovation in model one in order to determine whether the addition of the 
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independent variables (lean manufacturing dimensions) will improve the 
explanatory power of the model or not. R square in model one is only 0.008 
which is very small, while in model two, R square is equal to 0.333. So R 
square increased by 0.325 which means that model two has a higher 
explanatory power than model one by 0.325. In other words, 33.3% of the 
variance of the change in radical product innovation can be explained by lean 
manufacturing dimensions,and so the addition of the independent variables 
(lean manufacturing dimensions) improves the explanatory power of the 
model. ANOVA table (table 3.2 B) shows that 33.3% of the variance which 
can be explained is only a significant amount.  

Table 3.2 (A) 
Model Summary 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .088a .008 -.024 .72435 
2 .577b .333 .294 .60137 

a. Predictors: (Constant), COMPANYAGE, DEPARTMENT, POSITION, 
ROLEDURATION, COMPANYSIZE b. Predictors: (Constant), COMPANYAGE, 

DEPARTMENT, POSITION, ROLEDURATION, COMPANYSIZE, LEANJOBCAR, 
WMIN, EI, CONTIMP 

 
Table 3.2 (B) 

ANOVAc 

Model Sum of Squares Df Mean Square F Sig. 

1 

Regression .647 5 .129 .247 .941a 

Residual 82.899 158 .525   

Total 83.546 163    

2 
Regression 27.852 9 3.095 8.557 .000b 
Residual 55.694 154 .362   

Total 83.546 163    
a. Predictors: (Constant), COMPANYAGE, DEPARTMENT, POSITION, 

ROLEDURATION, COMPANYSIZE 
b. Predictors: (Constant), COMPANYAGE, DEPARTMENT, POSITION, 

ROLEDURATION, COMPANYSIZE, LEANJOBCAR, WMIN, EI, CONTIMP c. 
Dependent Variable: RI 

 
The hypotheses were suggested to evaluate the relationships between 

lean manufacturing dimensions and radical product innovation. The main 
hypotheses were proposed based on four dimensions (independent variables) 
which are: continuous improvement, waste minimization, lean job 
characteristics, and employees' involvement. 
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 The main hypothesis (H0): There are no significant relationships 
between lean manufacturing dimensions and radical product innovation. 

 In Table 3.2 (B), ANOVA (analysis of variance) for model two of 
the F-ratio for the study's data is 8.557 which is significant at 95% 
confidence level, p < 0.05 (Alpha sig=.000). This means that there are 
statistically significant relationships between lean manufacturing dimensions 
and radical product innovation. Thus, rejecting the null (H0) andaccepting 
the alternative hypothesis (there are statistically significant relationships 
between lean manufacturing dimensions and radical product innovation). 

 Table 3.3 explains the basic co-efficient for each variable. The 
standardized coefficient (β) shows the individual contribution of each 
predictor (independent variable) if other predictors are constant.  The higher 
the beta coefficient, the higher the effect of that predictor; hence the 
significant value (Sig) determined whether or not there are any relationships 
between the dependent and independent variables. 

 Each lean manufacturing dimensions standardized coefficients β as 
follow; continuous improvement equal to (0.142), waste minimization equal 
to (-.065), lean job characteristics equal to (-.179), and employees' 
involvement equal to (.368) 
  
The sub-hypotheses 
 H0.1: There is no significant relationship between continuous 
improvement and radical innovation 

For continuous improvement variable (CONTIMP), the value of the t-
test is not significant at 95% confidence level (0.103 greater than 0.05), 
which means that the variance in radical product innovation is not predicted 
by the change in continuous improvement. In other word, either with 
implementing continuous improvement or not, radical product innovation 
will not affected. Thus, the above result does not provide an evidence to 
reject the null hypothesis H0.1,in that there is no significant relationship 
between continuous improvement and radical product innovation. 
 H0.2: There is no significant relationship between waste 
minimization and radical product innovation 

 The same goes for waste minimization variable (WMIN), the t-test is 
not significant at 95% confidence level (0.370 greater than 0.05). The 
implementation of waste minimization has nothing to do with radical product 
innovation. Therefore, this result does not provide an evidence to reject the 
null H0.2in that there is no significant relationship between waste 
minimization and radical product innovation.  
 H0.3:  There is no significant relationship between lean Job 
characteristics and radical innovation 
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 On the other hand, lean job characteristics and employees' 
involvement variable got significant results. The value of the t-test of lean 
job characteristics variable (JOBCAR) is significant at 95% confidence level 
(0.033 less than 0.05), and the beta value has negative value (-0.179). Thus, 
this means that the radical product innovation decrease by 17.9% as the lean 
job characteristics implementation increase (negative relationship). So, H0.3 
will be rejected, and the alternative hypothesis in that there is a significant 
relationship between lean job characteristics and radical product 
innovationwill be accepted.Because the beta coefficient is negative, the 
relationship would be negative. In other word, the implementation of lean 
job characteristics negatively affects the radical product innovation by 
17.9%. 
 H0.4: There is no significant relationship between employees' 
involvement and radical product innovation 

 Finally, for the employees' involvement (EI) variable, the t-test value 
is also significant at 95% confidence level (0.000 less than 0.05), with a 
positive beta co-efficient (0.368), which mean that the radical product 
innovation rises by 36.8% as employees' involvement goes up. Accordingly, 
H0.4 will be rejected and the alternative hypothesis (that there is a 
significant relationship between employees' involvement and radical product 
innovation); and since the beta coefficient is positive, this relationship is 
positive. Therefore, this means that as employees' involvement has a positive 
effect on radical product innovation. 

Table 3.3 
Coefficientsa 

Model 
Unstandardized Coefficients Standardized Coefficients 

t Sig. 
B Std. Error Beta 

1 

(Constant) 3.416 .304  11.228 .000 

ROLEDURATION -.033 .045 -.061 -.744 .458 

DEPARTMENT .021 .048 .035 .428 .669 

POSITION .010 .051 .016 .198 .843 

COMPANYSIZE .017 .051 .033 .325 .746 

COMPANYAGE .021 .072 .030 .291 .771 

2 

(Constant) 2.343 .610  3.844 .000 
ROLEDURATION -.051 .038 -.093 -1.361 .176 

DEPARTMENT .049 .041 .083 1.206 .230 
POSITION -.011 .043 -.017 -.253 .801 

COMPANYSIZE .013 .044 .026 .295 .768 
COMPANYAGE -.020 .063 -.028 -.310 .757 
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WMIN -.053 .059 -.065 -.900 .370 
LEANJOBCAR -.193 .090 -.179 -2.146 .033 

EI .374 .081 .368 4.638 .000 
CONTIMP .145 .088 .142 1.643 .103 

a. Dependent Variable: RI 
 

In conclusion, the overall model has significantly explained the 
variance of the dependent variable (radical product innovation). Two of lean 
manufacturing dimensions (lean job characteristics and employees' 
involvement) have a significant effect on radical product innovation, while 
the other two (continuous improvement and waste minimization) have no 
significant effect. 
 
Discussion: Hypotheses testing Findings  
 As mentioned before, this study is aimed at evaluating the 
relationships between lean manufacturing dimensions and radical product 
innovation. Thus, this has been achieved through measuring lean 
manufacturing using four dimensions which are: continuous improvement, 
waste minimization, lean job characteristics, and employees' involvement. 
Based on the research model in chapter three which was built according to 
the conducted theoretical background and the literature review in chapter 
two, five hypotheses were proposed (one main and four sub-hypotheses). 
After that, data was collected from different pharmaceutical manufacturers in 
Jordan, and then multiple regressionswere used in order to test these 
hypotheses. The following section will show the study's findings including 
the extent to which lean manufacturing dimensions are practiced in the 
Jordanian Pharmaceutical Sector as well as the results of the hypotheses 
testing when comparing it with previous studies; while in the next section, 
the conclusion will interpret the results with further details. 
 
The extent of lean manufacturing dimensions (continuous improvement, 
waste minimization, lean job characteristics, and employees' 
involvement) are practiced in the Jordanian Pharmaceutical Sector. 
 The study's findings revealed that all of lean manufacturing 
dimensions and radical product innovation are practiced in the Jordanian 
Pharmaceutical manufacturers. The descriptive analysis (section4.5) in the 
previous chapter showed that the mean of radical product innovation is 
3.5549. Therefore, in addition to this result, the Jordanian Pharmaceutical 
products are registered in more than 60 countries around the world including 
different Arab countries, USA and EU (global investment house, 2007) 
which means they have developed new products and have a patentshow that 
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RI is practiced by the studied manufacturer. Regarding the lean 
manufacturing dimensions, the mean of continuous improvement was high 
(4.08330), which means that continuous improvement is highly implemented 
by the Pharmaceutical manufacturers. Waste minimization dimensions is 
also implemented, and the mean of this variable was 2.9924, which is 
between low and medium; in other word, the process of minimizing the 
waste is practiced by the studied manufacturers. Regarding the third 
dimension, lean job characteristics mean was 2.2159, which means that lean 
job characteristics and employees have relatively high job control and job 
variety. Concerning the last dimension which is employees' involvement, the 
mean was 3.3923, which means that the employeesparticipate in decision 
making. However, the employees' involvement dimension is highly 
practiced. 
 
Lean manufacturing dimensions and radical product innovation 
The main hypothesis: 
 H0:There are no relationships between lean manufacturing 
dimensions and radical product innovation.  
Few researches have studied the relationship between lean manufacturing 
and radical product innovation, especially in Jordan. Therefore, there is a 
lack of studies that either investigates lean production or radical innovation. 

This study revealed that there are significant relationships between lean 
manufacturing dimensions and radical product innovation. The regression 
analysis in the previous chapter showed that R square of the proposed model 
was 0.333 which means that 33.3% of the change in the radical product 
innovation can be explained by lean manufacturing dimensions and the f-test 
was significant, which gives an evidence to reject the null hypothesis that 
there are no significant relationships between lean manufacturing dimension 
and radical product innovation.. This result agrees with the studies of Mehri 
(2006), Melnyk (2007), Chen and Taylor (2009), Chen et.al, (2010), and 
Chen (2012). 

As mentioned before, lean manufacturing was measured using four 
dimensions: continuous improvement, waste minimization, lean job 
characteristics and employees involvement. Thus, the overall directional 
effect of lean manufacturing should be determined according to these four 
dimensions, but since each of them got different direction and different 
result, it is unattainable to get the overall trend of the relationship. In order to 
get more elaboration, these dimensions were tested using four sub-
hypotheses as follow. 
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Continuous improvement and radical product innovation 
 H0.1: There is no relationship between continuous improvement and 
radical product innovation 

By testing this hypothesis using the multiple regression, it appears that 
there is no significant relationship between continuous improvement and 
radical product innovation. Hence, the p value was 0.103 which is greater 
than 0.05. This result does not provide an evidence to reject the null 
hypothesis that there is no significant relationship between continuous 
improvement and radical product innovation. This is in contrast with the 
previous literature studies of Chang et.al, (2012) and Chen (2012), both of 
them suggested that continuous improvement and radical innovation are 
related while it agree with Terzivoski (2002) and Harrington (1995). 

 
Waste minimization and radical innovation 
 H0.2: There is no significant relationship between waste 
minimization and radical product innovation 

The same was for waste minimization variable, the multiple regression 
analysis also revealed that waste minimization have no significant effect on 
radical product innovation; thus the P value was 0.370 which greater than 
0.05. So, this finding does not provide an evidence to reject the null 
hypothesis that there is no significant relationship between waste 
minimization and radical product innovation. This result disagrees with 
Mehri (2006), Melnyk (2007), Chen and Taylor, (2009), Chen et.al, (2010), 
and Sterling and Boxall, (2013). All of them suggested that there is a 
negative relationship between waste minimization and radical product 
innovation.  
 
Lean Job characteristics and radical product innovation 
 H03:  There is no significant relationship between lean Job 
characteristics and radical innovation 

 The multiple regression tests revealed that lean job characteristics 
have a significant relationship with radical product innovation. However, the 
P value was0.033 which is less than 0.05, which gives an evidence to reject 
the null hypothesis that there is no significant relationship between lean job 
characteristics and radical product innovation. Also, the beta coefficient was 
-17.9% whichmeans that there is a negative relationship between lean job 
characteristics and radical product innovation. In other word, radical product 
innovation is predicted to decrease by 17.9% when lean job characteristics 
implementation increase. So the alternative hypothesis in which there is a 
significant relationship between lean job characteristics and radical product 
innovation will be accepted. However, this agree with Sterling and Boxall, 
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2013, parker (2003), Lorenz  andValeyre's (2005), Chen and Taylor,2009, 
Treville and Antonakis (2006),  Hasle et.al, 2012). 
 
Employees involvement and radical product innovation 
 H0.4: There is no significant relationship between employees' 
involvement and radical product innovation 

The hypothesis testing using multiple regressions showed there is a 
significant relationship between employees' involvement and radical product 
innovation; p value was 0.000 which is less than 0.05, and this gives an 
evidence to reject the null hypothesis. The beta coefficient was .368 
revealing that there is a positive relationship between employees' 
involvement and radical product innovation. With further clarification, 
radical product innovation will be increased by 36.8% as the process of 
involving the employees in the decision making increases. Thus,the 
alternative hypothesis in which there is a significant relationship between 
employees' involvement and radical product innovation will be accepted. 
This result goes with Bikfalvi, (2011), Hasle et.al, (2012),Mehri, (2006), 
Chang et.al, (2012), and Sterling and Boxall, (2013) 

 
Conclusion 
 The results of this study are further analyzed to answer the research 
objectives and questions. The first chapter of this research defines the 
research question, and objectives, as well as the used methodology and data 
collection method in order to reach results that achieve these objectives. 

The main purpose of this study is to evaluate the relationships 
between lean manufacturing dimensions and radical product innovation in 
the Jordanian Pharmaceutical sector. So the independent variable was 
represented using four dimensions. The studied lean manufacturing 
dimensions are continuous improvement, waste minimization, lean job 
characteristics, and employees' involvement. In order to get more 
understanding of each dimension and its relationship with radical product 
innovation, in-depth theoretical background and literature review were 
conducted and accordingly, four hypotheses were assumed to be tested. After 
that, data was collected using a survey-based questionnaire and analyzed 
using different statistical techniques to reach results that achieve the 
research's objectives. The previous section discussed the results with respect 
to the prior studies, while this section will give an explanation of these 
results. 
 
Continuous improvement and radical product innovation 
 As discussed before in chapter two, continuous improvement is a 
gradual and systematic improvement in product and process. It depends on 
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standardization, and step-by-step procedures; in other word, it depends on 
planning (Johnston, 2011; Martinez-Jurado et.al, 2013). Moreover, it focuses 
on current customers' need instead of their future ones that is focused on 
incremental innovation as a replacement of radical innovation. For these 
reasons, it was assumed by Chen et.al, (2010); Rae, (2007); Chen and 
Taylor, (2009); Chang et.al, (2012)that continuous improvement and radical 
product innovation are negatively related. 
 On the other hand, Terzivoski (2002) and Harrington (1995) had 
different opinions;Terzivoski (2002) compared the effectiveness of radical 
and incremental continuous innovation strategy on the performance 
excellence of company, he studied each strategy separately and their 
integration, hand found that each strategy work well alone and the 
integration strategy have the least explanatory effect on performance 
excellence. This means that each strategy which is either continuous 
improvement or radical innovation can be applied individually without 
affecting each other either positively or negatively, thussupporting this study 
result. 

Furthermore, Harrington (1995) argued that continuous 
improvement or so called continuous incremental innovation and radical 
innovation are separate from each other. Continuous improvement is a 
strategy implemented to help organization to keep going or in other 
word,hold still; while radical or breakthrough innovation serves as a "Jump-
start". Continuous improvement is important for the sustainability of the 
radical product innovation, and does not lead to it. Therefore, the results of 
Terzivoski (2002) and Harrington (1995) align with the result of this study in 
that there is no significant relationship between continuous improvement and 
radical product innovation.   
 
Waste minimization and radical product innovation 
 Waste minimization dimension is the core of lean manufacturing 
(Womack, 1990; Cost and Daly, 2003; Engum, 2009; Womack and Jones, 
2003; PutnikandPutnik , 2012).It is all about eliminating activities that do not 
add value to customers which are considered as a waste, such as; idle time, 
materials, equipment and parts (Taj and Morosan, 2011 ; Chowary and 
George, 2011; Eswara-moorthi, 2011). At the same time, radical innovation 
depends on creativity which requires time. According to the literature, 
production pressure limits employees' ability to learn and their motivation, as 
well as their creativity and innovation (Sterling and Boxall, 2013). 
Moreover, lean manufacturing focuses on reducing product variability i.e. 
the risk of product variability, while radical innovation happens suddenly 
and depends on trial and error, which leads to high risk of failure (Bakovic´ 
et.al, 2013). For these reasons, it was considered by the literature that there is 
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a negative relationship between waste minimization and radical product 
innovation (Chen et.al, 2010; Chen and Taylor, 2009). On the other hand, the 
regression analysis in chapter four showed that there is no significant 
relationship between waste minimization and radical product innovation, 
which contradict with the literature. This result might be due to the specialty 
of radical innovation, in that it something happened suddenly and cannot be 
planned as in waste minimization and continuous improvement dimensions. 
However, both of them are related to the process while innovation especially 
radical innovation is more human-oriented related to employees' creativity 
(Im et.al, 2013; O'Sullivan & Dooley, 2009). This is the reason the other two 
dimensions i.e. lean job characteristics and employees' involvement got a 
significant relationship with radical innovation. 
 
Lean Job Characteristics and Radical Product innovation   
 As mentioned in chapter two, job characteristics (job autonomy and 
variety) are very important to employees' creativity (Massis et.al, 2013; Ohly 
et.al, 2006) as far as employees control their jobs and have the freedom to 
arrange and schedule their work as they become more motivated to learn and 
to be more creative. Moreover, the higher the job variety, the higher the 
employees' innovative ability (Treville and Antonakis 2006). Lean 
production was criticized in that it reduces these characteristics. Hence, it 
attempts to reduce variability by applying standardization, increased 
production speed which intensify the work while lessen employees' job 
autonomy (Parker, (2003); Lorenz and Valeyre's (2005); Sterling and Boxall, 
2013) which lead to hypothesize that lean job characteristics and radical 
product innovation are inversely related. And the results of this study support 
this argument in that there is a significant relationship between lean job 
characteristics and radical innovation, and because the beta coefficient of this 
variable was negative. Therefore, it is a negative relationship which also 
aligns with the previous researches' results. 
 
Employees' involvement and Radical Product innovation      
 There is a consensus with radical innovation literature that 
Employees' participation in decision making, problem solving teams, and 
teamwork enhances employees' creativity and their ability to suggest new 
ideas and learn new things (O'Sullivan & Dooley, 2009; (Sehested and 
Sonnenberg, 2011; Johnstone et.al, 2011). According to lean manufacturing 
scholars, one of the most important dimensions of lean is to involve 
employees in the improvement process and take their suggestions into 
consideration (Womack et.al, 1990; Putnik and Putnik, 2012; Martínez-
Jurado et.al, 2013). Because of that, it was considered within the literature 
that employees' involvement have a positive relationship with radical product 
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innovation. The results of this study align with the previous research in that 
there is a significant positive relationship between employees' involvement 
and radical product innovation. 

These results are very logical ones,and it was clear that the 
relationships between dependent variable (radical product innovation) and 
the dimensions that are related to process were not significantly related to 
radical innovation, while the others which are directly related to employees 
were significantly related to radical innovation. Therefore, this comes from 
the specialty of radical innovation in that it depends on employees creativity 
(Im et.al,2013; O'Sullivan & Dooley, 2009).  
 Moreover, practically speaking, research and development 
department (R&D) is the department in charge of different pharmaceutical 
manufacturers for new product development, and as observed by the 
researcher, R&D departments are separate from other departments and that is 
why it is not affected by other lean production process' dimensions. 
According to Chen and Taylor, (2009); Lindeke et.al (2008), one of the 
solutions to eliminate the negative effect of lean manufacturing is to make an 
independent innovative center (separate R&D department from the others).  
Another important reason is related to the study's population in that most of 
the Jordanian pharmaceutical manufacturers are international ones, in other 
word; they are originally from outside Jordan (Global investment house, 
2007). Therefore, the process itself does not affect the innovativeness of 
employees only (their creativity), but also agrees with the results of this 
study. 
 The following sections will present the study's implications, 
recommendations, and scope for future researches. 
 
 Implications of this study 
 This study has implications on both academia and practice. Thus, 
concerning the academic contribution of this research, it is important to take 
into consideration the extent to which the study add to the body of 
knowledge and the suggestions for future researches. The former will be 
discussed here, while the latter will be discussed in section 4.4 

This research took four lean manufacturing dimensions; two human-
oriented dimensions (lean job characteristics and employees' involvement), 
and two process-oriented ones (continuous improvement and waste 
minimization). Thus, these dimensions reflect lean as a socio-technical 
approach (Hasle et.al, 2012) which might enhance the understanding of lean 
manufacturing. Moreover, studying the human side of lean manufacturing is 
very important, because the effect of lean practices on employees is 
controversial and need more elaboration (Seppälä and Klemola, 2004).This 
is also important since this study considersemployees' involvement and lean 
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job characteristics separately which can help in clarifying the effect of lean 
on employees. 

Furthermore, this research studied the relationships between lean 
manufacturing dimensions and radical product innovation. Also, there is lack 
of studies in this area, so, this might add to the body of knowledge and help 
in understanding how to achieve balance between these two extremes.   

The practical implication of this study comes from the importance 
of innovation for the pharmaceutical industries in general and specifically in 
Jordan. The Jordanian Pharmaceutical Manufacturers export most of its 
production to different countries in the MENA region and Europe (Global 
investment house, 2007), so, they face intense global rivalry. And in order to 
sustain competition in such environment, it is important for companies to 
differentiate themselves from other, and have a competitive edge; 
thusinnovation is the core of competition in the pharmaceutical industry. 
Although, innovation requires researches and researches are costly, it is 
important for pharmaceutical manufacturer to innovate new drugs with high 
quality at the same time to reduce cost and product variability. Thus, 
management should foster innovation in their companies. As mentioned 
before, the study's results showed that two of lean manufacturing dimensions 
which are human-oriented got significant relationships with radical 
innovation, while the other process-oriented ones got a non-significant 
relationship with radical product innovation. Therefore, it is recommended to 
focus on employees and increasetheir ability to innovate by increasing their 
job control, variety, and their participation in decision making. And in order 
to reduce cost variability, it is recommended to apply waste minimization 
and continuous improvement dimensions since they do not affect radical 
product innovation.  
 
Limitations and Future research 
 In order to enhance the finding's generalizability and avoid 
interpretation bias, it is important to look critically on the research as a whole 
and take limitations into consideration. As the research of this study face 
different constraints, the most noticeable one is the difficulty to gain access 
to the pharmaceutical manufacturers and gain approval for distributing the 
questionnaires. This may be due to the time sensitivity of the pharmaceutical 
companies, especially that this study mostly targeted employees in a 
managerial positions (such as; production manager, product line supervisor, 
Research development department manager, quality manager, and supply 
chain department manager)  as well as departments considered to be a work- 
intensive departments. 
 Moreover, another constraint is that many manufacturers reject to 
cooperate in distributing the questionnaires 
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This study used questionnaire as a data collection method despite that 
it is an efficient mechanism and allow respondents to choose quickly from 
different alternatives. Sometimes, respondent need to give more elaboration 
to their answers instead of mutually exclusives alternatives (Sekaran and 
Bougie, 2011). Moreover, the respondents' answers may be bias according to 
their perception of the questionnaire's statement. 
 Another limitationtothis research is that, it limited to one industry; 
the pharmaceutical industry. Therefore, this study is recommended to expand 
to other industries in Jordan, such as the sewing industry, or food industry. 
Also, it is recommended to conduct this study in the service sectors, in order 
to see the difference in results between the industrial and the service sectors 
especially knowledge sensitive ones such as Information Technology (IT) 
sector (which consider one of the growing industries in Jordan). This 
research study one type of innovation which is radical product innovation; 
thus, it is suggested to evaluate the relationships between lean manufacturing 
dimensions and other type of innovation such as incremental innovation. 
Finally, it is recommended to study the effect of other dimensions of lean 
manufacturing, in order to present lean manufacturing from a different point 
of view. 
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