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ABSTRACT 

Reverse Logistics was previously not an important driver of supply chain in European electronics 

industry to create differentiation and cost reduction, suggesting that it might not be managed 
strategically. However, because of transformed market with the enforcements of laws, the scarcity of 

resources, and the more powerful customers, many companies have adjusted their existing supply 

chain to adapt to reverse logistics, which resolves the issues related to reverse flows for complying 

with the law, satisfying customers, and recapturing value. Reverse logistics has today become a 

competitive necessity and has gained increased acceptance of profitable business strategy. This study 

uses structural equation modeling technique with Partial Least Squares to examine how firms adapt 

to reverse logistics and its influences on reverse logistics performance. Empirical results relying on 

responses from 102 firms in European electronics industry indicate that there has been increasing 

adaptability to reverse logistics through resource commitments, strategy formulation, liberalized 

returns policy, capabilities and performance of reverse logistics. Testing indirect effects of resource 

commitments on performance of reverse logistics through multiple mediator models suggests that 

formulating a proper strategy of reverse logistics is currently the most important adaptability 
influencing performance of reverse logistics. 

Keywords: Reverse Logistics, Adaptability, Resource Commitment, Strategy Formulation 

INTRODUCTION 

The European Working Group gives out the definition of Reverse Logistics (RL) with the focus on 

process orientation of planning, implementing and controlling backward flows of raw materials, in-

process inventory, packaging and finished goods, from a manufacturing, distribution or use point to a 

point of recovery or point of proper disposal (Brito and Dekker, 2002). According to this definition, 
the products and materials can be sent back either to the original manufacturer or to other companies 

involving in reverse supply chain providing services and operations related to collecting and 

reprocessing the returned products. Reverse logistics, therefore, is developed with inter-organizational 

networks and in relationship with different partners in supply chain.  

Many companies perceived RL as cost center instead of profit center, and company policies did not 

support these operations (Pan Theo, 2009). Today, more companies have increasingly altered their 

company policies with more strategic focus on reverse logistics (Janse et al., 2009). Reverse logistics 

has played an increasingly critical role in overall corporate business (Daugherty et al., 2002) and been 

examined strategically within broader supply chain strategy. For example, many original equipment 

manufacturers (OEMs) such as Miele (Miele, 2008), Phillips (Phillip, 2010) and Electrolux 
(Electrolux, 2010) have been pioneers in reverse supply chain management through their innovations 

such as developing their eco-design products, involvement in product recovery, offering professional 

take-back services, and increasing their collaboration with supply chain partners to manage reverse 

flows more effectively and efficiently. More OEMs and distributors in European electronics industry 

have also adopted less restrictive returns policy, and offered customers more flexible services of 

collecting products through their reverse logistics systems (Verweij et al., 2008). They have increased 

resource allocations for RL to improve their capabilities of product acquisition, transport and 

handling, and product recovery in some extent (Kocabasoglu et al. 2005). For instance, OEMs are 

now more proactive with on-site collection for returns from business customers and maintenance-

intensive goods because it gives the possibility to manage synergies between forward and reverse 

distribution and brings added value through asset recovery (Beullens, 2005). By paying attention to 
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resource allocations and formulating RL strategy, more firms in European electronics industry, 

especially for medium and large-sized firms, can enhance customer satisfaction, improve company 

image, and increase their business profitability (Guide et al., 2008; Herold, 2007). For example, IBM 

Europe deals with returns originating mostly from expiring leases with business market. Other returns 

in IBM such as “old for new”, buy-back initiatives, and commercial returns are operated by supply 

chain partners. IBM in Europe can resell around 80% of the PCs returned from the business market 

and get the substantial benefits from their effective returns management (Fleischmann et al., 2004).  

Although many studies in this field have been conceptual, focused on normative prescriptive 

analytical models, or based on limited case study analyses; the amount of research conducted to 

explore the adaptability to reverse logistics has been limited. Our research therefore focused on 

determining adaptability to RL under strategic considerations by exploring some dimensions including 

resource commitments, strategy formulation, liberalized returns policy, capability of returns handling 

and reprocessing, and performance of RL. Electronics industry is selected to explore research 

objectives because it is one of the key industries demonstrating the development of RL in Europe and 

this industry has more incentives to invest in reverse logistics than others do (Janse et al., 2009). The 

more powerful customers, the increasing multichannel retailers, and the growing enforcement of laws 

have direct impacts on the movement of goods throughout supply chain of European electronics 

industry, and particularly on the reverse flows (Verweij et al., 2008). 

In the next section, theoretical background for the research is explored with some relevant terms and 

theories. A theoretical model and its key hypotheses are developed. Research methodology and 

empirical results of internet-based survey are then presented with some discussion of the findings. 

Finally, conclusions are presented along with research limitations and suggestions for future research. 

THEORETICAL BACKGROUND 

Resource-based View (RBV) 

The term ‘‘resources’’ is broad in nature, in that it refers to not only physical (tangible) assets, such as 

equipments, plants, and location, but also to intangible assets, such as expertise, knowledge, and 
organizational assets (Zacharia et al., 2011). Resource-based theory views the firm as a bundle of 

idiosyncratic resources and assets, which emphasizes the use of rate, valuable, inimitable and un-

substitutable resources to gain sustainable competitive advantage (Barney, 1991). The resource-based 

view investigates the importance of internal resources in determining firm actions (Clemens and 

Douglas, 2006). The RBV is the most recent and fastest growing theoretical approach to explore 

strategy and green issues (Glen and Stuart, 2000). Reconfiguring resources for green logistics 

operations is nowadays critical for most firms (Zacharia et al., 2011), especially for RL because of its 

wide stages of processes, the complexity and uncertainty of different reverse flows, and the 

intensiveness of resource for RL implementation  (Daughterty et al., 2001).  Resource commitments 

and allocations to RL may be given more priority because of its influences on formulating strategy of 

RL, adjusting returns policy, and improving capabilities and performance of RL.

Strategy Formulation 

Strategic management is the set of decisions and actions that result in the formulation and 

implementation of plans designed to achieve a company’s objective (Pearce and Robinson, 2011). 

Strategy formulation is an ongoing process to develop and revise future-oriented strategies to allow an 

organization to achieve its objectives, considering its capabilities, constraints and the environment in 

which it operates (Harrison, 1999; Porter, 1985). In strategy formulation, it is necessary to modify 

current objectives and policies to adapt firms to the fast changing environments to perform more 

effectively (Andrews, 1980). A well-formulated strategy helps firms to bundle internal and external 

resources to address rapidly changing environments and achieve the effectiveness and efficiency of 

business performance (Quinn, 1981). To date, dealing with reverse flows has required the integrated 
management with different level, and more strategic focus on identifying the roles of returns, strategy 

of returns management, and specific policies for different types of returns (Janse et al., 2009).

By exploring the development of RL under strategic considerations, strategy formulation of a RL 

program is extracted from strategic returns management process suggested by Croxton et al., 2001. 

Based on strategic returns management process, main activities for formulating strategy of RL are 

identified including developing goals and product recovery strategy for different kinds of return 

products, developing gate-keeping and disposition policies, developing RL networks and 
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transportation options, developing returns policy and credit rules, and determining appropriate metrics 

for RL performance. This study investigates the processes of strategy formulation as developing a 

formal reverse logistics program (FRLP) (Autry, 2005; Croxton et al., 2001; Genchev, 2009; Richey 

et al., 2005). It is defined as strategic returns management process in which RL is regarded as 

important component of corporate strategy, gained resource commitments, specifically formulated 

with strategy, carefully developed with written policies and procedures, and clearly assigned with RL 

operations. 

Adaptability 

In recent years, increasing environmental dynamism and the adaptability of the firm have attracted 

new academic interests in how firms adapt to changes and obtain their effectiveness (Tuominen et al., 

2004). Adaptability is known as a key prerequisite for good business performance, however, there is 

inconsistency in describing or defining the construct of adaptability (Andresen and Gronau, 2005). 

Wiendahl (1999) states that a factory is adaptable if it is possible to accomplish reactively or pre-

actively the changes of the transformation objects (personnel, organization, and technology). 

Adaptability is also defined as the ease with which a system or parts of the system may be adapted to 

the changing requirements (EC96, 1996). Verweij et al. (2008) mention to 3As to realize an agile and 

efficient reverse chain within the Consumer Electronics industry including agility (the ability to 

respond to market changes), adaptability (the ability to adjust strategy, products and technologies), 

and alignment (the ability to align your organization, processes and systems). 

Strategic analyses relies on industrial organization economics perspectives focusing on competitive 

forces and external fit (i.e. looking at the external business environment) to understand performance 

differences (Ainuddin et al., 2007).  However, many scholars argue for the need to look inside 

organizations - at the resources within firms - for superior performance drivers and adaptability to fast 

changing environments (Rouse and Daellenbach, 1999).  Therefore, adaptive capability also 

emphasizes the degree to which a firm can use a variety of company resources and organizational 

capabilities to achieve a desired end (Sanchez and Mahoney, 1996). As reverse logistics programs are 

resource intensive in terms of implementation and maintenance (Daugherty et al., 2001), the 

appropriate commitments and allocations of resources indicate primarily the adaptability to reverse 
logistics. Given these arguments, adaptability is defined in this study as the capabilities that a firm 

allocates resources to formulate strategy, adjusts company policies, and develops capabilities of RL to 

respond to external changes and achieve the effectiveness and efficiency of RL performance. 

HYPOTHESIS DEVELOPMENT 

Resource commitments relate to the allocation of “tangible and intangible” entities available to firms 

that enable them to make business efficiently and effectively (Hund and Morgan, 1996). Resource-

based view suggests that efficient and effective resource allocations can be the most important 

strategy to achieve competitive advantage (Grant, 2001). It means that resources can be used to 

develop capabilities that result in superior performance. The resource-capability-performance 

relationship has been confirmed in some studies relating to RL (Daugherty et al., 2004; Richey et al., 
2005). The previous studies also show that the improved capabilities produce the superior 

performance when firm resources are committed sufficiently to the program (Jack et al., 2010; Richey 

et al. 2005). Das and Teng (2000) suggest three main types of resources including financial resource, 

technological resource and managerial resource that may affect RL capabilities, and therefore enhance 

performance of RL. Therefore, the arguments lead to the following hypotheses: 

H1: Resource commitments are positively associated with capabilities of reverse logistics 

H2: Capabilities of reverse logistics are positively associated with performance of reverse logistics 

Strategic issues often require large amounts of firm’s resources because they need certain 

commitments and allocations of people, physical assets, and money to set up specific strategic plans 

(Pearce and Robinson, 2011). Resources enable firms to conceive and implement strategies, 

improving effectiveness (Barney, 1991). Strategies are also the ways in which firms relate to their 

environment (Porter, 1985). They are the building blocks of managerial decisions and actions that 

determine the long-run performance of an organization. According to modern institutional approach of 

organizational theory and resource-based value, firms nowadays formulate their strategy depending on 

both interaction with external environments (Zhou and Li, 2010) and co-alignment with internal 

resources (Edelman et al., 2005). Many researchers in strategic management recognize the 
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competitive value of resources and identify how they combine with and influence the strategies 

pursued by the firm (Brush and Chaganti, 1998; Chandler and Hanks, 1994). In other words, they 

argue that firm strategies in conjunction with the firm’s resource base determine firm performance. 

The commitment of resources is considered as an important base for formulating specific strategy of 

RL because investments in RL are more complicated and riskier than in forward supply chain 

(Kocabasoglu et al., 2005). Lack of resources may make the implementation of environmentally-

oriented reverse logistics operations more difficult (Sarkis et al., 2009), and result in firms’ reluctance 

to involve in RL management. Therefore, it is proposed that: 

H3: Resource commitments are positively associated with strategy formulation of reverse logistics 

The strategic management literature suggests that organizations which give high emphasis to strategic 

planning and formulating are able to clearly identify their competitive advantages based on their 

internal resources and their interaction with external resources to get best business performance 

(Ainuddin et al., 2007; Tuominen et al., 2004). Strategic formulation of reverse logistics program 

facilitates firms to deal with reverse logistics management more proactively. By developing a formal 

reverse logistics program, firms can identify the ways to implement RL operations depending on the 

availability of company resources, the internal constraints, and the accessibility to wider range of 

external resources. According to Gooley (1998), a well-managed RL program could result in 
significant savings in inventory carrying cost, transportation cost, and waste disposal cost, which can 

create a substantial value-added and positively affect bottom-line. Therefore, we explore the 

viewpoints with the hypothesis: 

H4: Strategy formulation of reverse logistics is positively associated with performance of reverse 

logistics 

Among the activities of strategy formulation, identifying a suitable return policy plays an important 

role in obtaining the competitive advantage with the rival in the same market. Returns policy mentions 
the degree of difficulty involved in returning and exchanging products, which can be divided into 

liberalized and restrictive returns policies. The increasing resource commitments to returns 

management may lead to less restrictive returns policy because the availability of resources for 

dealing with the issues of reverse flow. Companies may increasingly invest in the process of return 

merchandise authorizations, gate-keeping, and credit refund to meet customer demands (Mollenkopf 

et al., 2007). Therefore, it may lead to the hypothesis: 

H5: Resource commitments is positively associated with liberalized returns policy 

A liberalized returns policy appears to be easier and quicker to receive authorization and credit for 
returns (Richey et al., 2005). By implementing a liberalized returns policy, firms should communicate 

and offer customer with more flexible after-sales services (Saccani et al., 2007), and thus may lead to 

increasing capabilities of take-back, repair, and redistribution. Return rates are now rising in Europe 

rapidly due to new EU policies governing internet sales and increasing customer power from both 

end-customers and multichannel retailer chain (Guide et al., 2006). Many consumers have grown 

accustomed to being able to bring electronics goods back to the store for just any reasons (Lawton, 

2008). Firms offering customers more opportunities to return products discover that they must 

improve their capabilities in the area of RL and to more proactively manage their returned products 

(Autry, 2005). Therefore, liberalized returns policies may have positive influence on reverse logistics 

capabilities. 

H6: Liberalized returns policy is positively associated with capabilities of reverse logistics 

The previous research showed that the improved capabilities produce the superior performance or 

effectiveness when firm resources are committed sufficiently to the program (Autry, 2005; Ellinger, 

2001; R. G. Richey, S. E. Genchev, et al., 2005). The previous studies also state that a fit between the 

corresponding internal resources and firm strategies leads to enhanced performance (Chandler & 

Hanks, 1994; Edelman et al., 2005). Therefore, if resource commitment is expected to impact strategy 

formulation, and capabilities of reverse logistics, these dimensions are posited to impact RL 

performance, and then an indirect effect can be explored. Therefore, it is likely to propose that: 

H7: Strategic formulation and capabilities of reverse logistics mediate the effect of resource 

commitments on RL performance. 

Figure 1 describes the relationship of hypothesized links in theoretical model. 
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Figure 1: Theoretical Model of Adaptability to Reverse Logistics 

EMPIRICAL RESULTS AND FINDINGS 

Data collection 

Data were collected in European electronics industry to test the theoretical model via internet-based 

survey. Using the secondary resource from public domain of DIGITALEUROPE, the database of the 

study is established with a sample frame of 650 companies with the following characteristics: (1) 

manufacturers and distributors located in Europe, (2) of medium and large size according to EU 
criteria, and (3) belonging to electronics industry. A total of 102 valid responses is received and used 

in the analysis with a response rate of nearly 15.7%. Among them, 65 firms are manufacturers and 37 

firms are distributors. 68.6% of respondents are in related departments such as marketing and sales, 

customer service, logistics, reverse logistics and operation completing the questionnaire. Respondent 

companies dealing with manufacturing and distributing products in electronics industry are mostly 

located in Western Europe (66.7%). Most respondent companies belong to medium and large size 

with the average annual turnover from 10 - 250 million EUR (66.7%) and the number of employees 

more than 250 (84.2%). Approximately 79.4% of respondent firms have implemented a reverse 

logistics program in their companies. 

Measurement scales and construct validity 

The proposed theoretical model is comprised of multi-item reflective constructs mostly derived from 

existing scales but some are developed for this study to evaluate the constructs of interests for research 

objectives. Consistent with Das and Teng (2000), a scale of resource commitments (RC) for 

implementing RL including managerial resource, financial resource, and technological resource is 

used with a five-point scale (1 = very much, 5 = not at all). The items used in this study to measure 

strategy formulation (SF) of reverse logistics are adapted from Croxton et al. (2001) with 5-point scale 

(1 = strongly agree, 5 = strongly disagree). These new scale items are tested with exploratory factor 

analysis (EFA) and get the unidimensionality measurement. The respondent firms seem to be more 

strategic focus on reverse logistics with high mean score from 2.16 to 2.54. The scale items for 

liberalized returns policy (LRP) are adapted from Richey et al. (2005) with two opposite statements 

and a five-point scale (1 = strongly agree, 5 = strongly disagree). The average mean score of LRP 
(3.05) indicate that a less restrictive returns policy is today being carried out in European electronics 

industry.  

Reverse logistics capabilities (TCAP) are developed with seven items. Some of items are adapted 

from the previous research of Autry (2005), Richey et al. (2005), and Shu (2007), while others are 

developed by suggestions from previous researchers and the popularity in today reverse logistics 

operations. A five-point scale (1 = very capable, 5 = very incapable) is used to measure RL 

capabilities. The EFA results for reverse logistics capabilities identify two distinct dimensions, which 

are labeled return handling capability (TCAP1) and reprocessing capability (TCAP2) with average 

mean score ranging from 1.98 to 3.21. Effectiveness and efficiency are components of performance 
management (Freires and Guedes, 2008). Scale measurement of RL performance is adapted from 

existing studies including improved customer satisfaction, improved competiveness (image and 

repute), cost reduction (transportation costs, waste disposal costs, material costs, redistribution costs) 

(Andel, 1997; Richey et al., 2005), improved profitability, and reduced inventory investment 
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(Daugherty et al., 2001). RL performance is measured with a five-point scale (1 = very effective, 5 = 

very ineffective) and has mean score from 2.17 to 3.06. 

We use Partial Least Squares (PLS) path modelling with variance-based technique by SmartPLS 

(Ringle, et al., 2005) to assess measurement model and the relationships between constructs (Fornell 

and Larcker, 1981). The analysis and interpretation of a PLS model consists of two-stage process. 

Firstly, the reliability and validity of the measurement model (outer model) is evaluated; then the 

assessment of structural model (inner model) is followed (Henseler et al., 2009). The reflective 
measurement model in PLS is evaluated in terms of reliability (individual item reliability, construct 

reliability), convergent validity, and discriminant validity (AVE, cross-loading). Table 1 presents the 

results of two measurement models based on capability of return handling (Model 1) and capability of 

reprocessing (Model 2).   

The outer loadings of indicators in the measurement model of theoretical model mostly range from 

0.533 to 0.939, with most measures falling around or above 0.7 threshold value (Fornell and Larcker, 

1981). Many studies have still retained measurements with loading below the 0.7 threshold due to 

their significance to theoretical model (Ainuddin et al., 2007; Hulland, 1999). Thus, the study 

eliminates only one indicator of strategy formulation construct (SF5) due to its lowest reliability 

(0.533), and dropping this indicator goes along with a substantial increase of composite reliability and 
average variance extracted of SF construct (Fornell and Larcker, 1981). The composite reliability 

values of all constructs studied in research model range from 0.84 to 0.92, suggesting that high 

internal consistency reliability and being regarded as satisfactory (Nunnaly and Bernstein, 1994). All 

values of average variance extracted (AVE) are greater than the minimum value of 0.5, meaning that 

latent variables in measurement model can explain more than half of the variance of its indicators on 

average. Therefore, the results support for the convergent validity of all constructs (Fornell and 

Larcker, 1981). Fornell and Larcker’s (1981) test for discriminant validity indicates high square root 

AVE for each factor exceeding the inter-correlation of the construct with the other construct in the 

models. The tests suggest that the discriminant validity is supported (Chin, 1998; Fornell and Larcker, 

1981). 
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Table 1: Results of Measurement Model  

(*): Items were dropped from the study because of drop-off rules, (r): reverse recoding, (
a
): AVE of each construct 

Structural model and Hypotheses testing 

For assessing the inner path model and examining the proposed hypotheses, the important criterion for 

explanatory power of a PLS model is the coefficient of determination (R2) of the dependent latent 

variables (Chin, 1998) and the effect size by means of Cohen’s (1988) f2 (Henseler et al., 2009). The 

Measurement items 

(Scale 1-5) 

Model 1 Model 2 

Standardized 

loading/AVE 

Composite 

reliability 

Standardized  

Loading/AVE 

Composite 

reliability 

Resource commitments  (RC) 0.650
a 

0.842 0.650
 

0.842 

RC1: Managerial resource commitment 0.873 0.877 

RC2 : Financial resource commitment 0.902 0.899 

RC3 : Technological resource commitment 0.602 0.600 

Strategic formulation  (SF) 0.619 0.867 0.619 0.867 

SF1: Product recovery strategy 0.781 0.781 

SF2: Gate-keeping and disposition policies  0.765 0.765 

SF3: RL networks and transport options 0.795 0.795 

SF4: Returns policy and credit rules 0.806 0.806 

SF5: Metrics of RL performance (*) 0.533
 

0.533 

Returns policy (LRP) 0.852 0.920 0.851 0.920 

RP1: Restrictive returns policy (r) 0.933 0.939 

RP2: Liberalized returns policy 0.913 0.906 

Return handling capability (TCAP1) 0.741 0.896 

CAP1: Collecting and Gate-keeping 0.881 

CAP4: Ease of credit refund 0.847 

CAP5: Remarketability 0.854 

Reprocessing  capability (TCAP2) 0.636 0.839 

CAP2: Product recovery 0.850 

CAP3: Material recovery 0.715 

CAP6: Quality of rework and repair 0.821 

Reverse logistics performance (EFF) 0.645 0.900 0.645 0.900 

EFF1: Customer satisfaction 0.846 0.849 

EFF2: Corporate image 0.862 0.863 

EFF3: Cost reduction 0.764 0.734 

EFF4: Improved  profitability 0.780 0.781 

EFF5: Reduced inventory investment 0.775 0.778 
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bootstrap procedure with 1000 samples is used to calculate the significance of the path coefficients 

(Chin, 1998). As noted in Table 2, RC has positive impacts on TCAP (β1=0.289, p1 <0.01; β1=0.399, 

p1 <0.01). The hypothesis (H1) is significantly supported, indicating that more resources are 

committed and allocated to increase capabilities of RL especially for capabilities of reprocessing. By 

using an incremental F test for effect size defined for R2, the study find small effect size of RC on the 

variance explained for TCAP1 (f2
1 = 0.084), but the moderate effects on TCAP2 (f2

2 = 0.227).

As demonstrated in Table 2, we also identify a significantly positive relationship between LRP and 
TCAP (β1=0.349, p1<0.01; β2=0.344, p2<0.01), suggesting that the trend of less restrictive returns 

policy in Europe has forced firms to enhance their capabilities of reverse logistics. Therefore, 

liberalized returns policy has motivated the adaptability to reverse logistics in business and marketing 

perspective with the focus on customer orientation. F test for effect size signifies moderate effect (i.e. 

f2
1 = 0.122, f2

2 = 0.153), suggesting that firms improve their services for repair/rework to satisfy

customers, as well as increase their capabilities of collecting and gate-keeping, refunding credit to 

customers and redistributing.  

The large effect is shown through the coefficient path between RC and SF (β1 = 0.660, p1 < 0.01; β2 = 

0.661, p2 <0.01), suggesting that hypothesis H3 is highly supported. More resources committed lead to 

more strategic focus on returns issues and RL management, especially for managerial resources 
(β=0.377, p<0.01) and financial resources (β=0.299, p<0.01). 

Table 2: Results of hypotheses testing 

Structural relationships 

Model 1 Model 2 

Standardized 

estimate 

t-value Standardized 

estimate 

t-value 

RC -> TCAP (H1) 0.289 3.298 0.424 5.154 

TCAP -> EFF (H2) 0.234 3.652 0.318 3.802 

RC -> SF (H3) 0.660 14.082 0.661 13.603 

SF -> EFF (H4) 0.646 9.612 0.581 7.200 

RC -> LRP (H5) 0.559 9.021 0.561 9.672 

LRP -> TCAP (H6) 0.349 3.932 0.344 3.892 

Prediction-oriented 

measurement 

GoF1 = 0.543 

R2= 0.618 

GoF2 = 0.562 

R2= 0.646 

Interestingly, we find that RC have positive impacts on LRP, suggesting that hypothesis H5 is 

significantly supported (β1 = 0.559, p1 < 0.01; β2 = 0.561, p2 <0.01). The empirical results show that 

more RC helps respondent firms identify the strategic importance of customer returns, and the benefits 

of liberalized returns policies in improving company image, and increasing customer satisfaction and 

sales.  

TCAP is positively related with EFF (β1=0.234, p1<0.01; β2=0.318, p2<0.01), indicating that 
hypothesis H2 is supported. The results indicate that firms have been adaptive to RL by utilizing 

internal resources to increase their capabilities of RL. However, the moderate effect size of TCAP on 

EFF (i.e. f2
1 = 0.107, f2

2 = 0.195) indicates that respondent firms have not totally been proactive in RL

operations. Meanwhile, SF is found to have substantial effect on EFF, suggesting that hypothesis H4 is 

highly supported. Specifically, the higher level of strategic formulation of RL program firms have, the 

more effective performance of reverse logistics firms can achieve (β1=0.646, p1<0.01; β2=0.581, 

p2<0.01). Developing a formal RL program gives rise to the large effect size on performance of RL.  

The R2 values for capabilities of RL (R2
1 = 0.318, R2

2 = 0.463) indicate that the adjustments of

resources and returns policy have improved moderately the capabilities of RL, suggesting the more 
adaptability to reverse logistics. Especially, the effects of strategy formulation and capabilities of RL 

explain more than 60% of variance in performance of RL, demonstrating that they are important 

dimensions of adaptability to reverse logistics at respondent firms. The main effects of empirical 
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results indicate the higher adaptability to RL at firm level. GoF values of 0.543 and 0.562 for model 1 

and model 2, respectively, exceed the cut-off value of 0.36 for large effect size indicating that the 

theoretical model performs well compared to the baseline values and relatively fit in the data collected 

(Tenenhaus, 2005).  

Further analysis of mediation effects 

Multiple mediator models may provide a more accurate assessment of mediation effect of RC on 

performance of RL through strategy formulation and capabilities of RL. For assessing specific indirect 
effects in multiple mediator models, we use bootstrapping method suggested by Shrout and Bolger 

(2002) with PLS path model analysis of 1000 resamples to calculate the effect size, standard errors 

(SE), z-values, and confidence intervals of indirect effect. The results of bootstrapping indirect effects 

indicate that the effect of RC on RL performance is partially mediated by SF and TCAP. The indirect 

effect of RC on EFF through TCAP is statistically significant (β1
indirect=0.039, z=1.887, p <0.1;

β2
indirect=0.071, z=1.836, p<0.1) and excludes zero in the confident interval, indicating that the effect

of resource allocations and commitments through processing capabilities on performance of RL 

appear to be more effective and efficient. However, the effect size is rather small in comparison with 

the indirect effect of RC on EFF through SF (β1
indirect=0.267, z=4.082, p<0.01; β2

indirect=0.262,

z=3.940, p<0.01).  

As observed in Table 3, RC relates significantly to LRP, in turn LRP relates significantly to TCAP, 

and finally TCAP significantly relates to performance of RL. This causal chain manifests dual 

mediation effect between RC, LRP, TCAP and EFF, likely indicating significant indirect effect of RC 

on EFF through LRP and TCAP. We also use bootstrapping method to test for dual mediation effect. 

Two single indirect effects in this causal chain are tested independently to examine the significance of 

dual mediation effect. The results in Table 3 show that both of them are statistically significant and 

excludes zero in the confidence interval. Moreover, the dual mediation effect is significantly positive 

(β1
indirect=0.027, z=1.895, p<0.1; β2

indirect=0.032, z=1.935, p<0.1), indicating the adaptability to RL by

committing and allocating internal resources have substantially influenced the performance of reverse 

logistics through both strategic and operational policies.  

Table 3: Test results of indirect effects 

Indirect effects 

Model 1 Model 2 

Estimate SE 95% CI Bootstrap 

Percentile 

Estimate SE 95% CI Bootstrap 

Percentile 

RC-TCAP-EFF 0.039 (1.887) 0.021 [0.006-0.084] 0.071 (1.836) 0.038 [0.002-0.150] 

RC-SF-EFF 0.267 (4.082) 0.065 [0.148-0.399] 0.262 (3.940) 0.066 [0.134-0.395] 

RC-LRP-TCAP 0.198 (3.784) 0.052 [0.101-0.310] 0.199 (3.361) 0.059 [0.088-0.326] 

LRP-TCAP-EFF 0.050 (1.939) 0.026 [0.008-0.109] 0.058 (2.016) 0.028 [0.003-0.117] 

RC-LRP-TCAP-EFF 0.027 (1.895) 0.014 [0.005-0.061] 0.032 (1.935) 0.016 [0.002-0.070] 

CONCLUSIONS AND SUGGESTIONS 

The empirical results demonstrate adaptability to RL in European electronics firms in some extent. 

The partial mediation effect reveals that resource commitments have both significant direct and 

indirect effects on performance of RL. The wide stage processes of RL and the complexity of reverse 

flows require the intensiveness of resources for RL implementation. Therefore, the appropriate 

allocations of resource lead to more strategic focus on RL management, more attention in formalizing 
returns policy, more improved capabilities, and more effectiveness and efficiency of RL performance, 

suggesting the better adaptability to reverse logistics. The mediating role of capabilities of RL indirect 

effect on performance of RL suggest that firm should focus more on their internal capabilities to 

enhance the effectiveness and efficiency of RL operations. Greater indirect effect through strategy 

formulation may suggest that firms in European electronics industry now focus more on strategic 

formulation of a formal reverse logistics program by interacting the resources and capabilities from 
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both internal and external environments to implement RL effectively. Commitments of resources, 

especially for management and finance have made firms more proactive in finding the best solutions 

for managing different reverse flows. 

Formulating a proper strategy of RL may create the significant effects on performance of RL because 

it supports firms in identifying the strategic roles of RL, eliminating ambiguity, and clarifying 

priorities for RL in the process of integrated supply chain management, based on their internal 

resources and core activities. Therefore, managers can be aware of synergic effects of resources 
investment on forward and reverse supply chain, and make important decisions of in-house operations 

or outsourcing reverse logistics. For example, investments in new product development can 

incorporate with product eco-design for easily disassembly and recycling; investment in improving 

customer after-sales services can bring direct benefits to both forward and reverse supply chain 

management; or joining collective take-back scheme can reduce the costs of RL in EoL management. 

Increasing resource commitments and concerns in formulating a formal RL program properly has 

manifested more proactive adaptability to reverse logistics in today fast changing environments. 

The study focuses on electronics industry in Europe; therefore, it may be limited to the generalized 

conclusions for other industries in adaptability to RL. However, electronics industry has greater 

motivations in implementing RL for both EoL management and customer returns management than 
other industries. Future research should diversify the industries to provide greater generalizability and 

extend current knowledge of adaptability to RL, e.g. garments and textiles industry or publishing 

industry. The research was also somewhat constrained by the sample size due to the time and financial 

constraints. However, the fit indices of measurement model were relatively accepted, suggesting the 

results are fundamentally significant and relevant. If the future research extends to other industries, it 

can support for greater generalization and secure larger sample size, thus in turn high value of 

significance. The study used only internet-based quantitative analysis. The survey method is very 

strongly useful and supports testing the research hypotheses. The future research should combine 

qualitative analysis with case studies to extract the practical insights of adaptability to reverse 

logistics. 
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