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Evaluating the impact of lean production on operational performance with operational absorptive capacity as a moderator 
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Abstract:  The relationship between lean practices and operational performance (OP) is widely investigated. However, the mechanism of lean practices, which improves OP, remains unclear. Evidence suggests that the contextual factors (for example, plant size) of lean practice activities would affect the effectiveness of these activities. However, prior studies merely focus on external environmental factors, whereas we explored the effect of contextual variables inside of firms. As a source of competitive advantage within firms, operational absorptive capacity (OAC) can enhance the ability to acquire and utilize knowledge by integrating the resources. Hence, OAC were introduced to explore the moderating effect of OAC on the relationship between lean practices and operational performance. We identified four bundles of lean practices, namely just in time (JIT), total preventive maintenance (TPM), total quality management (TQM) and human resource management (HRM). Furthermore, we adopted an Ordinary Least Square analysis to analyze whether OAC can enhance the effectiveness of the lean bundles. We contribute to understanding on the relationship between the lean bundles and operational absorptive capacity. Moreover, we contribute to research the mechanism of lean bundles on operational performance by offering new insights under contingency theory.
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0 Introduction[image: image2.wmf]
In the global manufacturing arena, enterprises are required to counter challenges of improving manufacturing efficiency, supply chain performance and quality [14-16]. To survive these challenges, many firms implement lean practices to improve their operational performance (OP) [17]. Extensive researches on lean practices have shown that lean practices have a significant impact on OP [18]. For instance, Radnor and Johnston [19] suggest that lean practices can improve the operation process. Chavez et al. [20] find that lean practices are positively associated with both OP and organizational performance.

However, the existing researches show that the relationship between lean practices and OP is not explicit [8; 21]. More recent research[2] reveals that some of the lean practices have a less, or even negative effect on OP. Mackelprang and Nair [22] suggest that the lack of consistency is due to the complexity of implementing lean practices. Agarwal et al. [23] indicate the lack of adoption of some management practices leads to the lack of significance. However, these explanations are rough guides which need further research. 

The contingency theory is widely used to explain the lack of the consistency in recent years [10; 20], which suggests that lean practices may vary by context [24; 25]. White et al. [26] find that the effect of plant size on the relationship between lean practices and OP is significant. Similarly, Shah and Ward [1]examine the effect of unionization, plant age, and plant size. However, these factors are all classic environmental factors. Authors have called for further empirical examination from a perspective of the organization and knowledge since the adoption of lean practices is ultimately a knowledge generation, combination, selection, diffusion, and learning process [27; 28].

From the perspective of the resource-based view (RBV), the resources owned by firms would affect all the activities of firms. Therefore, the application of lean practice process is inevitably affected by the resources owned and invested by the firms. However, the experience, knowledge, and resources of firms would not be applicable in changing market circumstances. Therefore, the value of the resources owned by firms will decrease. Operational absorptive capacity (OAC) refers to the ability of a firm’s operational units to acquire, assimilate, transform, and exploit knowledge from the operations environment [29; 30]. Thus, some researchers begin to investigate the impact of OAC in enhancing the effectiveness of operational improvement practices [31]. The operational absorptive capacity would strengthen the ability to acquire and exploit knowledge by integrating and reorganizing the internal and external resources owned by firms, helping firms to quickly adapt to the dynamic environment [32; 33]. As reported earlier, the application of lean practice in the enterprise is a process of knowledge integration. Therefore, this study introduced OAC into the research of lean practice. Accordingly, the focus of this paper is to investigate the moderating effect of OAC on the relationship between lean practices and operational performance.

Besides, some preliminary work mainly focused on a single aspect of the lean and its relationship to performance [8; 34; 35]. An exception is Shah and Ward [1], and they use a notion of “bundles” to describe a set of lean practices. These practices work together to create a streamlined system synergistically. Existing researches use bundles of lean practices to present the relationship between lean practices and the performance of the firms [10; 36]. However, the classification of the bundles has changed over time, and we carried out a literature review to identify the most important lean bundles. 

In summary, lean production implies a managerial philosophy which could maximize capacity utilization and minimize inventory buffers [37]. Moreover, lean practices should be understood from a perspective of knowledge management as researchers have highlighted[28]. Thus, we examined the following research question:

(1) RQ1: Are lean bundles positively associated with OP?

(2) RQ2: Does OAC moderate the relationship between lean bundles and OP?

This paper is organized as follows: Section 2 presented a literature review of the primary constructs and related hypotheses. Section 3 presented the research methodology. In Section 4, the hypotheses were tested. Section 5 provided discussions of the results, theoretical and practical implications, and limitations of this work.
1 Literature review and hypotheses development
In this section, we initially identified the key lean bundles, which includes JIT, TPM, TQM, HRM. Then, we described the relationship between these bundles and OP. Finally, we provided a discussion in support of the literature of OAC. We built our framework of hypotheses, which is depicted in Figure 1. It assumes that JIT, TPM, TQM, HRM can positively impact OP (see Section 2.1) and this effect can be moderated by OAC (see Section 2.2).
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Fig. 1  Framework of Hypotheses
1.1 Lean practice bundles and operational performance
The term “lean” is initially derived from the Toyota Production System [38]. Some preliminary work deﬁnes lean production as a set of practices focused on the reduction of wastes and non-value added activities [1; 25; 39; 40]. More recent results suggest that some of these bundles have a positive influence on operational performance [41; 42]. Nonetheless, prior studies show that the relationship between lean practices and OP is not explicit [2; 8; 9]. Accordingly, we identified the key bundles to carry out further research. 

Researches use different bundles to investigate the relationship between lean practices and OP. Table 1 reports the classification of lean practices. As the result shows that four bundles are the most used: JIT, TPM, TQM, and HRM. Practices linked to JIT include Pull System, Quick Changeover Techniques, Cycle Time Reductions, Lot Size Reductions, And Re-engineered Production Processes. Practices linked to TPM include Predictive Or Preventive Maintenance, Planning and Scheduling Strategies, New Process Equipment Or Technologies, Safety Improvement Programs, and Maintenance Optimization. Practices linked to TQM include Process Capability Measurements, Formal Continuous Improvement Program, and Supplier Quality Involvement. Practices linked to HRM include Training Employees to Perform Multiple Tasks, Self-Directed Work Teams, Encourage Employees to Work Together, and Suggestions Schemes.

In the literature, JIT usually refers to improvement program aimed at eliminating all forms of waste from all organizational processes [43; 44]. Mackelprang and Nair's [22] have indicated that JIT has positive effect on operational performance when considering operational measures such as manufacturing costs, inventory costs, cycle time, speed and on‐time delivery. Mistry [45]revealed that a further important benefit of the JIT practice was the simplification of production activities to improve the effectiveness of these activities.

TPM is a proactive and cost-effective approach to equipment maintenance [46]. Researchers suggest that TPM is critical to a firm’s ability to successfully compete in its market on the basis of quality, delivery, and cost[34; 47; 48]. 

TQM is defined as “a customer-driven, process improvement approach to management,”[49]. Researchers suggest that TQM could have a positive effect on OP when the context is appropriate. For instance, York and Miree [50] suggest that the arguments of the effect of TQM gather under customer satisfaction and efficiency improvement. Corredor and Goñi [51] suggest that TQM could help firms get better performance if they are pioneer TQM adopters.

Similarly, HRM is also an important bundle in operation management. It has been suggested that HRM have a positive effect on financial performance. And some researchers have indicated that HRM may positively influence operational performance by encouraging desired employee attitudes and employee behavior [52]. 

Having described the preliminary work about lean bundles and OP, we hypothesize a positive relationship between the four lean bundles and operational performance.

H1a: JIT is positively associated with OP.

H1b: TPM is positively associated with OP.

H1c: TQM is positively associated with OP.

H1d: HRM is positively associated with OP.
1.2 The moderating effect of OAC

1.2.1 Lean practices, OAC, and operational performance

Prior studies suggest that lean practices help firms to improve their processes and performance. However, as reported earlier, there are still some researchers who question the above results [2; 53; 54]. Some researchers indicate that the lack of consistency in empirical research results is due to the complexity of the relationship between production practices and performance [55]. An alternative explanation is that these difficulties result from a mismatch between the proposed form of practices and the specific organizational context. [56]. In the research of operational management, contingency theory argues that contextual variables are important factors, and different contextual variables will influence the applicability in research conclusions [56; 57]. 

Given the complexity of the environment and the contextual dependence of lean practices [3; 4], researchers suggest that the contextual factors of lean practices may affect the effectiveness of these activities [5-7]. Therefore, researchers begin to research the moderating effect of environmental factors based on the relationship between lean practices and operational performance. For example, Kull et al. [42]focus on the differences in the application effects of lean practices in different countries and use national culture as a regulatory variable. Azadegan et al. [58] suggest that environmental complexity positively moderates the effects of lean practices.

Prior studies have typically focused on external environmental factors of the firm, therefore, ignoring the internal factors of firms. From the perspective of the internal of firms, the match relationship between lean practices and internal factors would affect the application of lean practices. Hence, exploring the match relationship between contextual variables inside of firms and lean practices would permit the firm to understand the mechanism of lean practices better. As a source of competitive advantage within firms, operational absorptive capacity has received attention from researchers[29; 30]. The operational absorptive capacity can enhance the ability of firms to acquire and utilize knowledge by integrating the resources of firms, thus affecting the effect of lean practices.

1.2.2 Hypotheses
As mentioned above, operational absorptive capacity can aid in gaining competitive advantage. In the context of applying lean practices, operational absorptive capacity can help firms focus on essential issues in production systems, thus, enabling firms to identify problems encountered in the application of lean practices systematically.

On the one hand, the knowledge-based view theory argues that knowledge is an essential organizational asset[59]. Zhang and Chen[60] indicate that the application effect of lean construction largely relies on team learning and knowledge acquisition and transformation. Moreover, operational absorptive capacity is the ability to acquire and exploit knowledge. That is to say, operational absorptive capacity may have moderating effect on the relationship between lean practices and operational performance.

On the other hand, the moderating effect of the operational absorptive capacity may vary depending on the lean bundles due to different application characteristics. Furlan et al.[61] suggest that the simultaneous application of different lean bundles substantially contributes to the operational performance of firms, whereas previous study has emphasized the importance of testing the effect of different dimensions of lean practices on performance [39]. Therefore, our research focus on the effect of operational absorptive capacity on different bundles of lean practices. As mentioned earlier, the four most important lean bundles are JIT, TPM, TQM, and HRM.

As for JIT, some researchers suggest the application of JIT needs a repetitive context [62; 63]. Such research has revealed that organization and culture factors play more and more critical roles in implementing JIT [64]. Moreover, prior research has paid very little attention to the effect of contextual factors on JIT, especially the effect of organization ownership structure [65]. Even though acquired knowledge is precious and valuable by nature, it cannot be used when the recipients do not assimilate it into their task environment[66]. A high OAC level may have a positive effect on the application of knowledge of JIT. Accordingly, it is hypothesized that:

H2a: OAC moderate the relationship between JIT and OP.

TPM has been widely recognized as a strategic tool for improving OP by enhancing the effectiveness of production facilities [67]. Obstacles affecting TPM application in manufacturing firms include the firm's inability to bring about cultural transformations, lacking of understanding the knowledge of TPM concepts and principles [48]. From the insight of assimilating and applying new knowledge, OAC may enhance the effect of TPM. Accordingly, it is hypothesized that:

H2b: OAC moderate the relationship between TPM and OP.

Preliminary work has considered the role of quality management with knowledge [68]or learning [69]. Moreover, quality improvement is inherently a learning and knowledge-based activity that emphasizes learning [70]and knowledge creation[71]. Linderman et al. [11] suggest further research on quality management from the perspective of knowledge management. Absorptive capacity represents a unit’s capacity to learn [72] or an integral part of a learning process [73]. Accordingly, it is hypothesized that:

H2c: OAC moderate the relationship between TQM and OP.

HRM practices are the primary approaches to elicit and reinforce employees' knowledge and expertise that a firm requires[74; 75]. Firms can use a set of strategic HRM practices to cultivate the level of capacity in knowledge acquisition, sharing, and application, which, in turn, promote employees' propensity to innovate[12; 76]. Thus, it is hypothesized that:

H2d: OAC moderate the relationship between HRM and OP.

Tab. 1 Lean Practices And Lean Bundles(Part A)
	Practices
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Cellular manufacturing
	
	
	
	JIT
	
	

	Competitive benchmarking
	
	
	
	TQM
	
	

	Continuous flow
	JIT
	
	
	
	
	

	Customer involvement
	
	
	TQM
	
	TQM
	

	Cycle time reductions
	JIT
	
	
	JIT
	
	

	encourage employees to work together
	
	
	
	HRM
	
	

	equipment layout
	
	
	JIT
	
	
	

	Focused factory production systems
	
	
	
	JIT
	
	

	Formal continuous improvement program
	
	
	
	TQM
	TQM
	TQM

	JIT delivery
	
	
	JIT
	
	
	

	suggestions schemes

Lot size reductions
	
	
	
	
	
	

	Lot size reductions
	JIT
	
	
	JIT
	
	

	New process equipment or technologies
	
	
	TPM
	TPM
	
	

	Planning and scheduling strategies
	
	
	
	TPM
	
	

	Predictive or preventive maintenance
	
	
	TPM
	TPM
	
	

	Prevention of defective products
	JIT
	
	
	
	
	

	Process capability measurements
	
	
	TQM
	TQM
	TQM
	

	Process feedback
	
	TQM
	
	
	
	

	Pull system
	
	JIT
	JIT
	JIT
	JIT
	JIT

	Quality management programs
	
	
	
	TQM
	
	

	Quick changeover techniques
	
	JIT
	JIT
	JIT
	JIT
	

	Re-engineered production processes
	
	
	
	JIT
	
	JIT

	Safety improvement programs
	
	
	
	TPM
	
	

	Self-directed work teams
	
	
	
	HRM
	
	

	Supplier partnership
	
	TQM
	
	
	
	

	Supplier quality involvement
	
	TQM
	TQM
	
	TQM
	

	Top management leadership for quality 
	
	TQM
	
	
	
	

	Total quality management
	
	
	
	TQM
	
	TQM

	Training employees to perform multiple tasks
	
	
	
	
	HRM
	


Tab. 2 Lean Practices And Lean Bundles(Part B)
	Practices
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)

	Cellular manufacturing
	
	
	JIT
	
	
	

	Competitive benchmarking
	
	
	
	
	
	

	Continuous flow
	
	FM
	
	
	
	

	Customer involvement
	
	
	
	
	
	

	Cycle time reductions
	
	JIT
	JIT
	
	
	

	encourage employees to work together
	
	
	
	
	HRM
	

	equipment layout
	JIT
	
	
	
	
	

	Focused factory production systems
	
	
	
	
	
	

	Formal continuous improvement program
	TQM
	
	
	
	
	

	JIT delivery
	
	
	
	
	
	

	suggestions schemes

Lot size reductions
	
	
	
	
	HRM
	HRM

	Lot size reductions
	
	FM
	JIT
	JIT
	
	

	New process equipment or technologies
	
	
	
	
	
	

	Planning and scheduling strategies
	
	
	
	
	
	

	Predictive or preventive maintenance
	JIT
	JIT
	
	
	TPM
	

	Prevention of defective products
	
	
	
	
	
	

	Process capability measurements
	TQM
	
	
	TQM
	TQM
	

	Process feedback
	TQM
	
	
	
	
	

	Pull system
	JIT
	
	JIT
	JIT
	JIT
	JIT

	Quality management programs
	
	
	
	
	
	

	Quick changeover techniques
	
	JIT
	
	
	
	JIT

	Re-engineered production processes
	
	JIT
	
	TPM
	
	

	Safety improvement programs
	
	
	
	
	
	

	Self-directed work teams
	HRM
	
	
	
	
	

	Supplier partnership
	SM
	
	
	
	
	SM

	Supplier quality involvement
	
	
	
	
	
	

	Top management leadership for quality
	
	
	
	
	
	

	Total quality management
	
	
	
	
	
	

	Training employees to perform multiple tasks
	HRM
	
	
	
	HRM
	HRM


Notes：(1) Lawrence and Hottenstein [23]; (2)Cua et al. [69] (3) Sakakibara et al.[70]; (4) Shah and Ward [16]; (5) Ahmad et al. [71]; (6) Yang et al. [28]; (7) Swink et al. [46]; (8) Rahman et al. [29]; (9) Bortolotti et al.[72]; (10) Kull et al. [30]; (11) Netland [73]; (12) Bevilacqua et al. [74]; JIT=Just in time; TQM= Total Quality Management; HRM = Human Resource Management; TPM = Total Productive Maintenance; FM = Flow management; SM = Supplier Management

2 Research methodology

The research framework was depicted in Figure 2. As we can see, the research methodology consists of four steps. First, our study identified the measures of lean bundles, OAC, and OP. Then we developed a questionnaire and collected data. Furthermore, we used an empirical-driven approach to verify hypotheses. Finally, we presented a discussion of the results and provided the conclusions. The detailed procedures of the methodology are given in the following subsections.
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Fig. 2  Research Framework

2.1 Questionnaire development

Before administering the survey, we refined the questionnaire in several ways to ensure that the respondents, especially managers of smaller firms, can correctly understand the items of the survey. First, operation managers, production managers, or plant managers served as respondents Since they usually have a complete picture of different aspects of their firms encompassing the characteristics of lean practices and operational performance. Second, to assess the content validity, format of the survey instrument, we consulted two lean practices researchers and three production managers (EMBA students). Based on their feedback, we clarified the terminology, instructions, and format of the survey. Finally, we invited five production managers to participate in the pilot survey. Based on the feedback we improved the description of the five items.

The questionnaire is structured in three sections. The first section is dedicated to enterprise information, which includes questions about the respondent’s job title, the firm’s size (number of employees), and the industry sector. The second is dedicated to the lean bundles (JIT, TPM, TQM, HRM) and OP using a five-point Likert scale (being 1-strongly disagree and 5-strongly agree). The third is to OAC, also using a five-point Likert scale (being 1-strongly disagree and 5-strongly agree). The Appendix section provides the measurement scales.
2.2 Data collection

The data were collected mainly via e-mail and an internet-based method. In the internet-based method, we used an online electronic questionnaire to collect the questionnaire more effectively. The main population chosen in this study came from 550 manufacturing firms located in China. These firms were chosen for the reason that they have applied some lean practices. Operation managers, production managers, and plant managers in these firms were invited to participate in the survey. In some cases, follow-up phone calls were made to explain the purpose of the survey and remind them to fill out the questionnaire. A total of 270 questionnaires were received, 253 of which were usable. This gives an overall response rate of 46 percent. Table 2 shows details of the sample characteristics.
Tab. 3 Characteristics Of The Sample

	Characteristics
	Sample (%)

	Respondent’s job title
	

	Operation manager
	42.3

	Production manager
	35.2

	plant manager
	12.6

	Other
	9.9

	Number of employees
	

	Under 100
	29.6

	100-299
	18.6

	300-499
	24.9

	500+
	26.9

	Industry sector
	

	Motor vehicles and parts
	13.8

	Products of wood
	11.5

	Fabricated metal products
	10.3

	Manufacturing of food
	9.1

	Medical devices
	8.3

	Electronics
	7.9

	Basic metals and other minerals
	7.1

	Plastics
	6.7

	Textiles and apparel
	6.3

	Chemicals
	5.9

	Machinery
	5.5

	Pharmaceuticals
	4.3

	Other
	3.2


2.3 Validity and reliability

The validation process for the survey instruments was completed in three steps: content validity, construct validity and reliability[77; 78]. Firstly, for content validity, a draft questionnaire was pre-tested by the academics. Then the modified draft-questionnaire was sent to EMBA students for their feedback. Based on their feedback, we clarified the terminology, instructions, and format of the survey.

Secondly, construct validity was established through a Confirmatory Factor Analysis (CFA) using SPSS and Amos. A pooled CFA of the whole model has been conducted. Through the CFA, a modified model was formed (Figure 3). The overall fit for the measurement model was good: of [image: image5.wmf]2

/1.92
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c

=

 and RMSE = 0.061. An RMSEA between 0 and 0.05 indicates a good fit, and between 0.05 and 0.08 is acceptable[79; 80]. Other relevant measures (IFI=0.917, TLI=0.905, CFI=0.916) are also within an acceptable range [81].

Finally, reliability was estimated by Cronbach’s α coefficient, as shown in Table 3. It can be seen that all the alpha values are higher than 0.7, which indicates that the scales are reliable for further analysis [82; 83].
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Fig. 3  Model Of CFA

Tab. 4 CFA Factor Loadings, Reliability, And SE

	Latent variables
	Observed variables
	Item
	Cronbach’s α
	SE
	Standardised

loading

	JIT
	Pull system
	JIT1
	0.824
	-a
	0.822

	
	Quick changeover techniques
	JIT2
	
	0.044
	0.846

	
	Cycle time reductions
	JIT3
	
	0.043
	0.767

	
	Lot size reductions
	JIT4
	
	0.051
	0.784

	
	Re-engineered production processes
	JIT5
	
	0.046
	0.819

	TPM
	Predictive or preventive maintenance
	TPM1
	0.887
	-a
	0.815

	
	Planning and scheduling strategies
	TPM2
	
	0.056
	0.824

	
	New process equipment or technologies
	TPM3
	
	0.058
	0.837

	
	Safety improvement programs
	TPM4
	
	0.052
	0.822

	
	Maintenance optimization
	TPM5
	
	0.053
	0.83

	TQM
	Process capability measurements
	TQM1
	0.898
	-a
	0.938

	
	Formal continuous improvement program
	TQM2
	
	0.038
	0.895

	
	Supplier quality involvement
	TQM3
	
	0.041
	0.817

	HRM
	Training employees to perform multiple tasks
	HRM1
	0.867
	-a
	0.857

	
	Self-directed work teams
	HRM2
	
	0.049
	0.842

	
	encourage employees to work together
	HRM3
	
	0.055
	0.804

	
	Suggestion schemes
	HRM4
	
	0.053
	0.791

	OP
	High product performance
	OP1
	0.851
	-a
	0.839

	
	Short delivery time
	OP2
	
	0.054
	0.874

	
	Ability to adjust capacity rapidly
	OP3
	
	0.051
	0.832

	
	Production cost
	OP4
	
	0.054
	0.755

	
	Reducing inventory
	OP5
	
	0.056
	0.865

	OAC
	Employees are engaged in cross-functional

work
	OAC1
	0.831
	-a
	0.813

	
	Analyses and interprets changing market and

operational demands
	OAC2
	
	0.048
	0.857

	
	discuss consequences of new products, process or logistics, and distribution developments
	OAC3
	
	0.050
	0.844

	
	Constantly considers how to better exploit

operational knowledge.
	OAC4
	
	0.055
	0.733


Notes: RMSEA = 0.061; IFI=0.917; TLI=0.905; CFI=0.916; a Indicates a parameter fixed at 1.0 in the original solution.

2.4 Control variables

In order to make our results more conclusive and increase its generalizability, this study includes firm size and industry type as control variables. The number of employees was used to represent firm size [10]. These variables may affect performance measurements according to some researchers [20; 84]. For this reason, these variables were included in the Ordinary Least Square analysis as control variables.
2.5 Ordinary Least Square analysis and slope analysis

Ordinary Least Square analysis of three steps was carried out to test the relationship between four lean bundles (JIT, TPM, TQM, HRM) and OP, and the moderating effect of OAC on the relationship between internal lean bundles and OP. 

Before carrying out the regression analysis, the independent variables were centered to avoid multicollinearity. A centered overall analysis might be informative and less multicollinearity when the interaction terms were involved in the model[85]. Furthermore, the variables were tested for multicollinearity using the variance inflation factor (VIF). If the maximum VIF is higher than 10, the multicollinearity will probably influence independent variables[86]. As Table 4 indicates, all variables in the model are within this value (Max VIF=1.088).

Then the Ordinary Least Square analysis was carried out. Firstly, control variables were entered into the model. Secondly, independent variables and moderator variable were entered into the model. Finally, the interaction terms were entered into the model. 

Furthermore, slope analysis [85] was conducted to test whether the slopes of the simple regression differ significantly from zero. This involved the calculation of the slopes, the standard errors of the slopes and t-tests for the significance of the slopes[85; 87]. A low level (one SD below the mean) and a high level (one SD above the mean) of OAC were entered into the slope analysis.
3 Results and discussion

3.1 Ordinary Least Square analysis

Our results confirm that H1a, H1b, H1c, H1d are statistically significant, which indicates that lean bundles (i.e., JIT, TPM, TQM, HRM) have a strong impact on operational performance. From a theoretical perspective, our results provide additional evidence supporting the significance of the impact of lean practices on OP [17; 20; 88]. Moreover, our results confirm H2a, H2c, H2d indicating that OAC moderates the relationship between lean bundles (JIT, TQM, HRM) and OP. The results are provided and discussed in the following paragraphs. Table 4 presents the results of the Ordinary Least Square analysis.
Tab. 5  Results Of Ordinary Least Square Analysis

	Standardized estimates

	Variables
	Step1
	Step2
	Step3
	Outcome

	JIT
	
	
	
	

	Control variables
	
	
	
	

	Industry type
	0.009
	0.013
	0.015
	

	Firm size
	0.034
	0.034
	0.031
	

	JIT
	
	0.273**
	0.269**
	H1a: supported

	Moderator: OAC
	
	-0.104
	-0.105
	

	Interaction term
	
	
	
	

	JIT*OAC
	
	
	0.221*
	H2a: supported

	R2
	0.004
	0.067
	0.088
	

	R2 change
	0.004
	0.062
	0.021
	

	F
	0.558
	4.430**
	4.762**
	

	F change
	0.558
	8.269**
	5.753*
	

	Max VIF
	1.023
	
	
	

	TPM
	
	
	
	

	Control variables
	
	
	
	

	Industry type
	0.009
	0.009
	0.010
	

	Firm size
	0.034
	0.042
	0.039
	

	TPM
	
	0.337**
	0.326**
	H1b: supported

	Moderator: OAC
	
	-0.049
	-0.033
	

	Interaction term
	
	
	
	

	TPM*OAC
	
	
	0.086
	H2b: not supported

	R2
	0.004
	0.164
	0.171
	

	R2 change
	0.004
	0.160
	0.007
	

	F
	0.558
	12.175**
	10.176**
	

	F change
	0.558
	23.692**
	1.986
	

	Max VIF
	1.088
	
	
	

	TQM
	
	
	
	

	Control variables
	
	
	
	

	Industry type
	0.009
	0.019
	0.019
	

	Firm size
	0.034
	0.001
	-0.005
	

	TQM
	
	0.298**
	0.287**
	H1c: supported

	Moderator: OAC
	
	-0.135
	-0.143
	

	Interaction term
	
	
	
	

	TQM*OAC
	
	
	0.150*
	H2c: supported

	R2
	0.004
	0.117
	0.132
	

	R2 change
	0.004
	0.112
	0.015
	

	F
	0.558
	8.188**
	7.508**
	

	F change
	0.558
	15.752**
	4.344*
	

	Max VIF
	1.037
	
	
	

	HRM
	
	
	
	

	Control variables
	
	
	
	

	Industry type
	0.009
	0.004
	0.001
	

	Firm size
	0.034
	0.027
	0.028
	

	HRM
	
	0.394**
	0.375**
	H1d: supported

	Moderator: OAC
	
	0.083
	-0.072
	

	Interaction term
	
	
	
	

	HRM*OAC
	
	
	0.164*
	H2d: supported

	R2
	0.004
	0.210
	0.229
	

	R2 change
	0.004
	0.205
	0.019
	

	F
	0.558
	16.449**
	14.637**
	

	F change
	0.558
	32.201**
	6.048*
	

	Max VIF
	1.055
	
	
	


Notes: *Significant at 0.05level. ** Significant at 0.01 level.

JIT enhances operational performance(H1a) and OAC moderates the relationship between JIT and operational performance(H2a). In the first step of the Ordinary Least Square analysis, the effect of neither industry type (B=0.009, ns) nor firm size (B=0.034, ns) on operational performance was found to be significant (Table 4). In the second step, the effect of JIT (B=0.273, p<0.01) was found to be significant. In the third step of the equation, the moderating effect of OAC was tested by adding the two-way interaction term, which contributed to a significant change in the variance explained (change in R2=0.021, F=5.753, p≤0.05), with the interaction term identified as significant (B=0.221; p≤0.05). 

TPM enhances operational performance(H1b) and OAC does not moderate the relationship between TPM and operational performance(H2b). In the first step of the analysis, the effect of neither industry type (B=0.009, ns) nor firm size (B=0.034, ns) on operational performance was found to be significant (Table IV). In the second step, the effect of TPM (B=0.337, p<0.01) was found to be significant. In the third step of the equation, the moderating effect of OAC was also tested by adding the two-way interaction term. However, this was not significant, which indicates that H2c is not supported in this study. The results indicate that there is no evidence to support that OAC moderates the impact of TPM on operational performance.

TQM enhances operational performance(H1c) and OAC moderates the relationship between TQM and operational performance(H2c). In the first step of the Ordinary Least Square analysis, the effect of neither industry type (B=0.009, ns) nor firm size (B=0.034, ns) on operational performance was found to be significant (Table 4). In the second step, the effect of TQM (B=0.298, p<0.01) was found to be significant. In the third step of the equation, the moderating effect of OAC was tested by adding the two-way interaction term, which contributed to a significant change in the variance explained (change in R2=0.015, F=4.344, p≤0.05), with the interaction term identified as significant (B=0.150; p≤0.05). 

HRM enhances operational performance(H1d) and OAC moderates the relationship between HRM and operational performance(H2d). In the first step of the Ordinary Least Square analysis, the effect of neither industry type (B=0.009, ns) nor firm size (B=0.034, ns) on operational performance was found to be significant (Table 4). In the second step, the effect of HRM (B=0.394, p<0.01) was found to be significant. In the third step of the equation, the moderating effect of OAC was tested by adding the two-way interaction term, which contributed to a significant change in the variance explained (change in R2=0.019, F=6.048, p≤0.05), with the interaction term identified as significant (B=0.164; p≤0.05).
Tab. 6  Results Of Slope Analysis

	Variables


	Coefficients

	
	Low OAC
	High OAC

	JIT
	
	

	Slope
	0.0964
	0.4416

	SE
	0.1043
	0.1043

	t-test
	0.9237
	4.2337**

	TQM
	
	

	Slope
	0.1698
	0.4042

	SE
	0.0778
	0.0778

	t-test
	2.1830*
	5.1957**

	HRM
	
	

	Slope
	0.2469
	0.5031

	SE
	0.0837
	0.0623

	t-test
	2.9501**
	8.0784**

	Notes: *Significant at 0.05 level. **Significant at 0.05 level.


3.2 Slope analysis

Furthermore, the results of the slopes, the standard errors, and the t-tests are shown in Table 5. These results are also shown in three figures (Figure 4, Figure 5, Figure6). As shown in Figure 4, the slope of the simple regression of JIT and operational performance differs significantly from zero(slope = 0.4416, P≤0.01) when OAC is high. On the contrary, there is no significance when OAC is low. The results show that OAC moderates the relationship between JIT and OP just when the level of OAC is high. This effect may result in the reason that high OAC helps the application of balanced production, single minute exchange of die (SMED), and the pull system. The rolling out of lean is a process of knowledge creation, transfer, and dissemination [28].
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Fig. 4  JIT And Operational Performance In Low/High OAC

[image: image8.png]Operational Performance

—e—Low OAC

--#--High OAC

Low TQM

High TQM





Fig. 5  TQM and operational performance in Low/High OAC
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Fig. 6  HRM and operational performance in Low/High

As shown in Figure 5, TQM is more strongly associated with operational performance when OAC is high (slope = 0.4042, P≤0.01), than when OAC is low (slope = 0.1698, P≤0.05). The results show that TQM has a stronger impact on operational performance under a high level of OAC than a low level of OAC. This finding supports prior research that knowledge heterogeneity helps in defending the existing quality advantage while balancing of exploration and exploitation creates new quality advantages[89].

Similarly, HRM is more strongly associated with operational performance when OAC is high (slope = 0.5031, P≤0.01), than when OAC is low (slope = 0.2469, P≤0.01), as shown in Figure 6. The results show that HRM has a stronger impact on operational performance under a high level of OAC than a low level of OAC. This finding supports prior research that by effectively applying knowledge, individuals might make fewer mistakes or improve their efficiency and reduce redundancy (Gold and Arvind Malhotra 2001).

In summary, the first goal of this paper is to empirically validate the effect of lean bundles (JIT, TPM, TQM, HRM) on OP. Our results support these hypotheses. The second goal of this paper is to investigate the moderating effect of OAC on the relationship between lean bundles (JIT, TPM, TQM, HRM) and OP. And three out of four hypotheses were supported. While not all of the results were significant, our finding could be helpful to the development of the contingency view in the lean practices literature.
4 Conclusions

This study aims to examine the moderating effect of OAC and the effect of lean bundles (i.e., JIT, TPM, TQM, HRM) on OP. The study identified four key lean bundles (i.e., JIT, TPM, TQM, HRM), and included firm size and industry type as control variables, as researchers suggest these factors may influence the application of manufacturing practices [1; 10]. Then the positive impact of JIT, TPM, TQM, HRM in improving OP were confirmed. Furthermore, the positive moderating effect of OAC on the relationship between lean bundles (JIT, TQM, HRM) and OP was confirmed using Ordinary Least Square analysis.

4.1 Discussion of results
Our empirical support for H1a to H1d means that firms implementing lean practices can improve their operational performance. This sheds light on the much debated relationship between the lean bundles and  operational performance [2; 8; 9], especially considering that some researchers have argued that some lean bundles (such as TPM) seem to have a lesser, or even negative, effect on operational performance [2]. This also provides extra evidence to support the majority of studies on lean practices and operational performance [1].

More importantly, this study explored the mechanism of lean bundles on operational performance under the moderating effect of operational absorptive capacity.

First, support for H2a means that we confirm the role of the absorptive capacity in moderating the relationship between JIT and OP. JIT is a technical dimension tool for lean production [90], and knowledge and management tools are critical antecedents of JIT practices. Practices such as quick changeover techniques, kanban, and pull systems require a wealth of lean knowledge and employees with such knowledge to implement practical activities within the firms [10]. Hence, to deploy resources to integrate these practical activities effectively becomes key in the application of JIT and an attempt to increase operational performance.

Secondly, H2b is not supported, which means that the moderating effect of absorptive capacity is not supported for the relationships between TPM and OP. One possible explanation is that TPM practices are closely related to other technology-oriented practices (such as TQM). Therefore, the acquisition transformation of knowledge is often based on technology-oriented practices. Since TPM practices are considered to be a team-based practice, it includes activities of multiple dimensions such as production, quality, and security [91], and often the application of TMP is based on the application of TQM. [92; 93].

Third, the empirical results support for H2c means that the moderating effect of absorptive capacity on the relationship between TQM and OP is tested. The results indicate that the application of total quality management is the process of acquisition, assimilation, and transformation of knowledge, thereby answering the call for further research on quality management from a knowledge management perspective [11]. Hence, our study complements prior research and extends understanding on the effects of OAC to TQM.

Finally, again, the empirical results support for H2d means that the moderating effect of absorptive capacity on the relationship between TQM and OP is tested. Most of the studies focus on the universalist approach, whereas our study uses a contingency factor, thereby responding to the call of Guest et al. [12] concerning further research into contingency perspective. Moreover, it shows that HRM, as a lean practice tool, can be implemented by firms in the form of knowledge.

4.2 Theoretical implications
This study makes three main theoretical contributions. First, it contributes to the literature on the relationship between the lean bundles and operational performance. Our findings also reinforce the arguments put forward by Shah and Ward [1] that lean bundles have positive impact on operational performance, therefore, responding to Belekoukias et al. [2].

Second, it contributes to understanding on the relationship between the lean bundles and operational absorptive capacity. It has been shown that the application of lean practices is associated with operational absorptive capacity. This means high operational absorptive capabilities can aid in implementing lean practices. Furthermore, operational absorptive capacity is broadly concerned with the ability to adapt to dynamically changing external environments [13], which is consistent with the goal of firms implementing lean practices to enhance market response capabilities.

Third, it contributes to explaining the mechanism of lean bundles on operational performance under the perspective of contingency theory. Prior studies have typically focused on the moderating effect of organizational factors on the relationship between lean bundles and performance. Kull [42], for example, tested the moderating effect of national culture on the relationship between lean practices and performance. However, these work on lean bundles focuses on external environmental factors. In contrast, our research examined the moderating effect of OAC from internal of the firm. Moreover, our results support previous studies that have stressed the importance of OAC to operational management.

4.3 Practical implications
This study also suggests several practical implications. First, our results suggest that managers should invest time and resources in implementing lean practices. The ultimate goal of a lean transformation is to achieve high performance, and the role of lean practices in improving manufacturing efficiency, operational performance has been tested. JIT practices would make problems visible, reduce waste and inefficiency. The application of TQM and TPM would improve product quality. HRM would affect the motivation and satisfaction of employee, therefore, leading to competitive advantage.

Furthermore, our findings suggest managers that OAC contributes to the relationship between lean bundles and operational performance. OAC enables firms to stay adaptable to environmental changes, and enhance the effectiveness of JIT, TQM, and HRM activities. Hence, we suggest that firms that are developing lean programs should make investments in the activities that could help firms to acquisition, assimilation, and transformation of knowledge, simultaneously. Employees should also engage in formal and informal communication with employees of other departments or firms to acquire and exploit knowledge, which is consistent with prior studies [30; 94].

4.4 Limitations and future research directions
Although our research validated the moderating effect of operational absorptive capacity, a multi-dimension OAC would better analyze the role of OAC. Potential absorptive capacity (POAC) and realized absorptive capacity (ROAC) capabilities are two kinds of OAC capabilities that create and utilize knowledge, respectively[95]. Future studies could test the moderating effect of different dimensions of OAC. Furthermore, our research has shown the moderating effect of operational absorptive capacity, but there may, of course, be other variables that could moderate the relationship between lean bundles and OP. Future research could, therefore, explore whether other contextual variables also act as moderating variables.
References 

[1] Shah R, Ward P T. Lean manufacturing: context, practice bundles, and performance[J]. Journal of Operations Management, 2003, 21(2): 129-149.

[2] Belekoukias I, Garza-Reyes J A, Kumar V. The impact of lean methods and tools on the operational performance of manufacturing organisations[J]. International Journal of Production Research, 2014, 52(18): 5346-5366.

[3] Marodin G A, Saurin T A. Implementing lean production systems: research areas and opportunities for future studies[J]. International Journal of Production Research, 2013, 51(22): 6663-6680.

[4] Lewis M A. Lean production and sustainable competitive advantage[J]. International Journal of Operations & Production Management, 2000, 20(8): 959-978.

[5] Bamford D, Forrester P, Dehe B, et al. Partial and iterative Lean implementation: two case studies[J]. International Journal of Operations & Production Management, 2015, 35(5): 702-727.

[6] Schoenherr T, Power D, Narasimhan R, et al. Competitive capabilities among manufacturing plants in developing, emerging, and industrialized countries: a comparative analysis[J]. Decision Sciences, 2012, 43(1): 37-72.

[7] Inman R A, Sale R S, Green Jr K W, et al. Agile manufacturing: relation to JIT, operational performance and firm performance[J]. Journal of Operations Management, 2011, 29(4): 343-355.

[8] Fullerton R R, Mcwatters C S, Fawson C. An examination of the relationships between JIT and financial performance[J]. Journal of Operations Management, 2003, 21(4): 383-404.

[9] Jayaram J, Vickery S, Droge C. Relationship building, lean strategy and firm performance: an exploratory study in the automotive supplier industry[J]. International Journal of Production Research, 2008, 46(20): 5633-5649.

[10] Chavez R, Gimenez C, Fynes B, et al. Internal lean practices and operational performance: The contingency perspective of industry clockspeed[J]. International Journal of Operations & Production Management, 2013, 33(5): 562-588.

[11] Linderman K, Schroeder R G, Choo A S. Six Sigma: the role of goals in improvement teams[J]. Journal of Operations Management, 2006, 24(6): 779-790.

[12] Guest D E. Human resource management and performance: still searching for some answers[J]. Human resource management journal, 2011, 21(1): 3-13.

[13] Martinez-Sanchez A, Lahoz-Leo F. Supply chain agility: a mediator for absorptive capacity[J]. Baltic Journal of Management, 2018, 13(2): 264-278.

[14] Poongothai A, Ilavarasan R, Karthikeyan L, et al. Total quality management: the path for continuous quality enhancement in pharmaceutical sector[J]. Asian Journal of Biochemical and Pharmaceutical Research, 2011, 2(1): 1-8.

[15] Jaiganesh V, Sudhahar J C. Sketching out the hidden lean management principles in the pharmaceutical manufacturing[J], 2013.

[16] Liu C-C, Niu Z-W, Chang P-C, et al. Assessment approach to stage of lean transformation cycle based on fuzzy nearness degree and TOPSIS[J]. International Journal of Production Research, 2017: 1-13.

[17] Negrão L L L, Godinho Filho M, Marodin G. Lean practices and their effect on performance: a literature review[J]. Production Planning & Control, 2017, 28(1): 33-56.

[18] Liu C-C, Niu Z-W, Li Q-L. The impact of lean practices on performance: based on meta-analysis and Bayesian network[J]. Total Quality Management & Business Excellence, 2018: 1-18.

[19] Radnor Z, Johnston R. Lean in UK government: internal efficiency or customer service?[J]. Production Planning & Control, 2013, 24(10-11): 903-915.

[20] Chavez R, Yu W, Jacobs M, et al. Internal lean practices and performance: The role of technological turbulence[J]. International Journal of Production Economics, 2015, 160: 157-171.

[21] Kadipasaoglu S N, Peixoto J L, Khumawala B M. Global manufacturing practices: an empirical evaluation[J]. Industrial Management & Data Systems, 1999, 99(3): 101-108.

[22] Mackelprang A W, Nair A. Relationship between just-in-time manufacturing practices and performance: A meta-analytic investigation[J]. Journal of Operations Management, 2010, 28(4): 283-302.

[23] Agarwal R, Green R, Brown P J, et al. Determinants of quality management practices: an empirical study of New Zealand manufacturing firms[J]. International Journal of Production Economics, 2013, 142(1): 130-145.

[24] Hines P, Holweg M, Rich N. Learning to evolve: a review of contemporary lean thinking[J]. International journal of operations & production management, 2004, 24(10): 994-1011.

[25] Browning T R, Heath R D. Reconceptualizing the effects of lean on production costs with evidence from the F-22 program[J]. Journal of Operations Management, 2009, 27(1): 23-44.

[26] White R E, Pearson J N, Wilson J R. JIT manufacturing: a survey of implementations in small and large US manufacturers[J]. Management science, 1999, 45(1): 1-15.

[27] Grant R M. Toward a knowledge‐based theory of the firm[J]. Strategic management journal, 1996, 17(S2): 109-122.

[28] Secchi R, Camuffo A. Rolling out lean production systems: a knowledge-based perspective[J]. International Journal of Operations & Production Management, 2016, 36(1): 61-85.

[29] Zahra S A, George G. Absorptive capacity: A review, reconceptualization, and extension[J]. Academy of management review, 2002, 27(2): 185-203.

[30] Patel P C, Terjesen S, Li D. Enhancing effects of manufacturing flexibility through operational absorptive capacity and operational ambidexterity[J]. Journal of Operations Management, 2012, 30(3): 201-220.

[31] Yang Y, Lee P K C, Cheng T C E. Leveraging selected operational improvement practices to achieve both efficiency and creativity: A multi-level study in frontline service operations[J]. International Journal of Production Economics, 2017, 191(Supplement C): 298-310.

[32] Zahra S A, Sapienza H J, Davidsson P. Entrepreneurship and dynamic capabilities: A review, model and research agenda[J]. Journal of Management studies, 2006, 43(4): 917-955.

[33] Teece D J, Pisano G, Shuen A. Dynamic capabilities and strategic management[J]. Strategic management journal, 1997, 18(7): 509-533.

[34] Mckone K E, Schroeder R G, Cua K O. The impact of total productive maintenance practices on manufacturing performance[J]. Journal of operations management, 2001, 19(1): 39-58.

[35] Lawrence J J, Hottenstein M P. The relationship between JIT manufacturing and performance in Mexican plants affiliated with US companies[J]. Journal of operations Management, 1995, 13(1): 3-18.

[36] Bortolotti T, Boscari S, Danese P. Successful lean implementation: Organizational culture and soft lean practices[J]. International Journal of Production Economics, 2015, 160: 182-201.

[37] De Treville S, Antonakis J. Could lean production job design be intrinsically motivating? Contextual, configurational, and levels-of-analysis issues[J]. Journal of Operations Management, 2006, 24(2): 99-123.

[38] Womack J P, Jones D T, Roos D. Machine that changed the world[M].  Simon and Schuster, 1990.

[39] Shah R, Ward P T. Defining and developing measures of lean production[J]. Journal of Operations Management, 2007, 25(4): 785-805.

[40] Yang M G, Hong P, Modi S B. Impact of lean manufacturing and environmental management on business performance: An empirical study of manufacturing firms[J]. International Journal of Production Economics, 2011, 129(2): 251-261.

[41] Rahman S, Laosirihongthong T, Sohal A S. Impact of lean strategy on operational performance: a study of Thai manufacturing companies[J]. Journal of manufacturing technology management, 2010, 21(7): 839-852.

[42] Kull T J, Yan T, Liu Z, et al. The moderation of lean manufacturing effectiveness by dimensions of national culture: Testing practice-culture congruence hypotheses[J]. International Journal of Production Economics, 2014, 153: 1-12.

[43] Vokurka R J, Lummus R R. The role of just-in-time in supply chain management[J]. The International Journal of Logistics Management, 2000, 11(1): 89-98.

[44] Zelbst P J, Green Jr K W, Abshire R D, et al. Relationships among market orientation, JIT, TQM, and agility[J]. Industrial Management & Data Systems, 2010, 110(5): 637-658.

[45] Mistry J J. Origins of profitability through JIT processes in the supply chain[J]. Industrial Management & Data Systems, 2005, 105(6): 752-768.

[46] Brah S A, Chong W-K. Relationship between total productive maintenance and performance[J]. International Journal of Production Research, 2004, 42(12): 2383-2401.

[47] Fredendall L D, Patterson J W, Kennedy W J, et al. Maintenance: modeling its strategic impact[J]. Journal of Managerial Issues, 1997: 440-453.

[48] Ahuja I P S, Khamba J S. Total productive maintenance: literature review and directions[J]. International Journal of Quality & Reliability Management, 2008, 25(7): 709-756.

[49]  Okes D, Westcott R. The certified quality manager handbook[M].  ASQ Quality Press Milwaukee, WI, 2001.

[50] York K M, Miree C E. Causation or covariation: an empirical re-examination of the link between TQM and financial performance[J]. Journal of Operations Management, 2004, 22(3): 291-311.

[51] Corredor P, Goñi S. TQM and performance: Is the relationship so obvious?[J]. Journal of Business Research, 2011, 64(8): 830-838.

[52] Katou A A. How does human resource management influence organisational performance? An integrative approach-based analysis[J]. International Journal of Productivity and Performance Management, 2017, 66(6): 797-821.

[53] Sakakibara S, Flynn B B, Schroeder R G, et al. The impact of just-in-time manufacturing and its infrastructure on manufacturing performance[J]. Management Science, 1997, 43(9): 1246-1257.

[54] Callen J L, Fader C, Krinsky I. Just-in-time: A cross-sectional plant analysis[J]. International Journal of Production Economics, 2000, 63(3): 277-301.

[55] Swink M, Narasimhan R, Kim S W. Manufacturing practices and strategy integration: effects on cost efficiency, flexibility, and market‐based performance[J]. Decision Sciences, 2005, 36(3): 427-457.

[56] Sousa R, Voss C A. Contingency research in operations management practices[J]. Journal of Operations Management, 2008, 26(6): 697-713.

[57] Majchrzak A, Jarvenpaa S L, Hollingshead A B. Coordinating expertise among emergent groups responding to disasters[J]. Organization science, 2007, 18(1): 147-161.

[58] Azadegan A, Patel P C, Zangoueinezhad A, et al. The effect of environmental complexity and environmental dynamism on lean practices[J]. Journal of Operations Management, 2013, 31(4): 193-212.

[59] Yeung A H, Lo V H, Yeung A C, et al. Specific customer knowledge and operational performance in apparel manufacturing[J]. International Journal of Production Economics, 2008, 114(2): 520-533.

[60] Zhang L, Chen X. Role of lean tools in supporting knowledge creation and performance in lean construction[J]. Procedia Engineering, 2016, 145: 1267-1274.

[61] Furlan A, Dal Pont G, Vinelli A. On the complementarity between internal and external just-in-time bundles to build and sustain high performance manufacturing[J]. International Journal of Production Economics, 2011, 133(2): 489-495.

[62] Reichhart A, Holweg M. Creating the customer-responsive supply chain: a reconciliation of concepts[J]. International Journal of Operations & Production Management, 2007, 27(11): 1144-1172.

[63] Lander E, Liker J K. The Toyota Production System and art: making highly customized and creative products the Toyota way[J]. International Journal of Production Research, 2007, 45(16): 3681-3698.

[64] Wong M. The role of culture in implementing lean production system[J]. Advances in Production Management Systems, 2007: 413-422.

[65] Chen Z, Hua Tan K. The impact of organization ownership structure on JIT implementation and production operations performance[J]. International Journal of Operations & Production Management, 2013, 33(9): 1202-1229.

[66] Park J-H, Suh H-J, Yang H-D. Perceived absorptive capacity of individual users in performance of Enterprise Resource Planning (ERP) usage: The case for Korean firms[J]. Information & Management, 2007, 44(3): 300-312.

[67] Dossenbach T. Implementing total productive maintenance: a successful TPM program will help you eliminate defects, machine breakdowns and accidents[J]. Wood and Wood Products, 2006, 111(2): 29-32.

[68] Linderman K, Schroeder R G, Zaheer S, et al. Integrating quality management practices with knowledge creation processes[J]. Journal of operations management, 2004, 22(6): 589-607.

[69] Anderson J C, Rungtusanatham M, Schroeder R G. A theory of quality management underlying the Deming management method[J]. Academy of management Review, 1994, 19(3): 472-509.

[70] Macduffie J P. The road to "root cause": Shop-floor problem-solving at three auto assembly plants[J]. Management Science, 1997, 43(4): 479-502.

[71] Osterloh M, Frey B S. Motivation, knowledge transfer, and organizational forms[J]. Organization science, 2000, 11(5): 538-550.

[72] Tsai W. Knowledge transfer in intraorganizational networks: Effects of network position and absorptive capacity on business unit innovation and performance[J]. Academy of management journal, 2001, 44(5): 996-1004.

[73]  Fosfuri A, Tribó J A. Exploring the antecedents of potential absorptive capacity and its impact on innovation performance[J]. Omega, 2008, 36(2): 173-187.

[74] Youndt M A, Snell S A, Dean J W, et al. Human resource management, manufacturing strategy, and firm performance[J]. Academy of management Journal, 1996, 39(4): 836-866.

[75] Collins C J, Clark K D. Strategic human resource practices, top management team social networks, and firm performance: The role of human resource practices in creating organizational competitive advantage[J]. Academy of management Journal, 2003, 46(6): 740-751.

[76] Chen C-J, Huang J-W. Strategic human resource practices and innovation performance-The mediating role of knowledge management capacity[J]. Journal of business research, 2009, 62(1): 104-114.

[77] O'leary-Kelly S W, Vokurka R J. The empirical assessment of construct validity[J]. Journal of operations management, 1998, 16(4): 387-405.

[78] Zhou H, Benton W. Supply chain practice and information sharing[J]. Journal of Operations management, 2007, 25(6): 1348-1365.

[79] Hu L T, Bentler P M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives[J]. Structural equation modeling: a multidisciplinary journal, 1999, 6(1): 1-55.

[80] Shin H, Collier D A, Wilson D D. Supply management orientation and supplier/buyer performance[J]. Journal of operations management, 2000, 18(3): 317-333.

[81] Hooper D, Coughlan J, Mullen M. Structural equation modelling: Guidelines for determining model fit[J]. Articles, 2008: 2.

[82] Babbie E. The practice of social research[M].  Nelson Education, 2015.

[83] Chen C-Y, Wu G-S, Chuang K-J, et al. A comparative analysis of the factors affecting the implementation of occupational health and safety management systems in the printed circuit board industry in Taiwan[J]. Journal of Loss Prevention in the Process Industries, 2009, 22(2): 210-215.

[84] Antonio K L, Yam R C, Tang E. The impacts of product modularity on competitive capabilities and performance: An empirical study[J]. International Journal of Production Economics, 2007, 105(1): 1-20.

[85] Aiken L S, West S G, Reno R R. Multiple regression: Testing and interpreting interactions[M].  Sage, 1991.

[86] O'brien R M. A caution regarding rules of thumb for variance inflation factors[J]. Quality & Quantity, 2007, 41(5): 673-690.

[87] Friedrich R J. In defense of multiplicative terms in multiple regression equations[J]. American Journal of Political Science, 1982: 797-833.

[88] Bevilacqua M, Ciarapica F E, De Sanctis I. Lean practices implementation and their relationships with operational responsiveness and company performance: an Italian study[J]. International Journal of Production Research, 2017, 55(3): 769-794.

[89] Choo A S, Linderman K W, Schroeder R G. Method and context perspectives on learning and knowledge creation in quality management[J]. Journal of operations management, 2007, 25(4): 918-931.

[90] Furlan A, Vinelli A, Dal Pont G. Complementarity and lean manufacturing bundles: an empirical analysis[J]. International Journal of Operations & Production Management, 2011, 31(8): 835-850.

[91] Méndez J D M, Rodriguez R S. Total productive maintenance (TPM) as a tool for improving productivity: a case study of application in the bottleneck of an auto-parts machining line[J]. The International Journal of Advanced Manufacturing Technology, 2017, 92(1-4): 1013-1026.

[92] Modgil S, Sharma S. Total productive maintenance, total quality management and operational performance: An empirical study of Indian pharmaceutical industry[J]. Journal of Quality in Maintenance Engineering, 2016, 22(4): 353-377.

[93] Jostes R S, Helms M M. Total productive maintenance and its link to total quality management[J]. Work study, 1994, 43(7): 18-20.

[94] Rojo A, Stevenson M, Lloréns Montes F J, et al. Supply chain flexibility in dynamic environments: The enabling role of operational absorptive capacity and organisational learning[J]. International Journal of Operations & Production Management, 2018, 38(3): 636-666.

[95] Setia P, Patel P C. How information systems help create OM capabilities: Consequents and antecedents of operational absorptive capacity[J]. Journal of Operations Management, 2013, 31(6): 409-431.

[96] Cua K O, Mckone K E, Schroeder R G. Relationships between implementation of TQM, JIT, and TPM and manufacturing performance[J]. Journal of operations management, 2001, 19(6): 675-694.

[97] Ahmad S, Schroeder R G, Sinha K K. The role of infrastructure practices in the effectiveness of JIT practices: implications for plant competitiveness[J]. Journal of Engineering and Technology management, 2003, 20(3): 161-191.

[98] Bortolotti T, Danese P, Romano P. Assessing the impact of just-in-time on operational performance at varying degrees of repetitiveness[J]. International Journal of Production Research, 2013, 51(4): 1117-1130.

[99] Netland T H. Critical success factors for implementing lean production: the effect of contingencies[J]. International Journal of Production Research, 2016, 54(8): 2433-2448.



精益实践对企业运营绩效的影响——运营吸收能力的调节作用
吴聪，牛占文，杨福东，刘超超
（管理与经济学部，天津大学，天津）
摘要：精益与运营绩效（OP）之间的关系在现有文献中被广泛研究。但精益实践对运营绩效的作用机制明确。此前的研究表明精益实践的的情景因素（例如，企业规模）会影响精益实践活动的有效性。然而此前的研究仅仅关注与外部情景因素，因此，本研究探索了企业内部情景因素的作用。作为企业竞争优势的来源，运营吸收能力（OAC）能够加强企业获取利用知识的能力。故此，本研究引入运营吸收能力来探索运营吸收能力对精益实践与运营绩效之间关系的调节作用。本研究首先找出了四种最重要的精益实践束，即准时化（JIT）、全员生产维护（TPM）、全面质量管理（TQM）、人力资源管理（HRM）。随后，本研究采用普通最小二乘分析来分析运营吸收能力是否可以提高精益实践束的作用效果。本研究的结果基于权变理论的视角，为精益实践束的对运营绩效的作用机理的研究做出了贡献。
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