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ABSTRACT 

 

As smartphones become ubiquitous around the world, sustainable management practices 

to mitigate the environmental impact of electronic waste are becoming increasingly 

urgent. Thus, we combined the Analytic Hierarchy Process (AHP) and a Benefits, 

Opportunities, Costs, and Risks (BOCR) analysis to evaluate several smartphone take-

back strategies in Indonesia’s closed-loop supply chain. We examined trade-in options, 

with and without upfront fees, contracts with providers, and donation initiatives. Through 

a survey distributed among diverse demographic segments (business owners, managers, 

staff, contract staff, and students), we captured a wide array of stakeholder perspectives 

on the methods preferred for smartphone recovery. Business owners and contract staff 

were found to prefer trade-ins with upfront fees, whereas the other groups preferred 

trade-ins. In addition, a sensitivity analysis revealed that, if the weight of the benefits 

increased, donations became the most popular alternative for all groups except for 

students. Therefore, this article contributes to the literature on supply-chain management 

by offering insights into the stakeholder preferences that drive the adoption of sustainable 

and efficient product-recovery strategies in telecommunications. 
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1. Introduction 

Smartphones contribute to the rising volume of electronic waste because of their rapid 

and technologically advanced distribution and development. A smartphone’s components 

vary in their material properties, some being recyclable, others not (Gómez et al., 2023) 

Several valuable elements from smartphone components can be reused and recycled, but 

some metallic materials contain hazardous compounds (Bruno et al., 2022; Tanoto et al., 

2018). According to Statista (2023), 1,535.36 million smartphone units were distributed 

in 2021 alone, while the total over the last five years reached 7,547.55 million units. 

Therefore, the life-cycle of smartphones should be extended. The remanufacturing 

process represents an alternative that would reduce the amount of waste, especially 

electronic waste, while promoting sustainability (Yuksek et al., 2023). Enhancing the 

reliability and repairability of smartphones is also a promising alternative to extend their 

lifespan (Cordella et al., 2021).  

 

The remanufacturing of smartphones can be defined as returning a used smartphone to a 

new condition, primarily extending the product’s life (Gan & Pujawan, 2017; Pamminger 

et al., 2021). The remanufacturing process begins after the user returns the goods to the 

producer. Returning the product is the final step in the closed-loop supply chain (CLSC) 

(Modak et al., 2023). The CLSC is a strategy used in reverse engineering to extend a 

product’s life (Govindan et al., 2015; Lozano-Oviedo et al., 2024). In a traditional supply 

chain, the distribution of goods (in this study, smartphones) only goes in one direction, 

from raw materials to manufacturers to distributors to retail traders, and finally, to 

consumers. In contrast, in a CLSC, there is a return cycle from consumers back to 

retailers and distributors, with the product being sent back for manufacturing (Figure 1). 

In this case, the life-cycle of a smartphone ends when all parts of the device have entered 

their final useful condition (i.e., when they can no longer be used) (Mallick et al., 2023; 

Souza, 2013). 
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B2B: Business to business 

B2C: Business to consumer 

EOU: Export oriented units 

EOL: End of life 

 

Figure 1 Closed-loop supply chain (CLSC) flow (Gan & Pujawan, 2014) 

 

Multiple options are available for prolonging the lifespan of smartphones, including 

direct reuse, repair-and-reuse, refurbishment, remanufacturing, and product take-back. 

Various studies have examined the marketing of these devices. Gan et al. (2024) 

investigated the preferences of workers and students for second-hand, low-end, and 

refurbished smartphones. Their findings aligned with the conclusions of Halim et al. 

(2022), that refurbished products are not widely favored in Indonesia. Both Halim et al. 

(2022) and Gan et al. (2024) utilized the Analytic Hierarchy Process (AHP) to represent 

the decision-making procedure of extending smartphones’ lifespans. In addition, Makov 

and Fitzpatrick (2021) studied consumer interest in repairing outdated smartphones, and 

Xu et al. (2021) examined remanufacturing strategies in the context of product take-back 

regulations. 

 

Product take-back was designed as a strategy for returning products as support media for 

CLSC, transforming commodity circulation into a life-cycle in and of itself. Product take-

back can be divided into several types of strategies (Cao et al., 2018), such as trading-in 

(Yin & Tang, 2014), trading-in with upfront fees (Alshurideh, 2016), contracting with a 

provider, and donation (Gan et al., 2023). 

 

In the present study, we examined several approaches to product take-back in Indonesia, 

such as contracts with providers (leases) and trade-in strategies. A contract with the 

provider represents a take-back approach, wherein a predetermined contract period 

allows the consumer to return the smartphone before it reaches the end of its product life 

(Alshurideh, 2016). In contrast, the trade-in mechanism allows consumers to exchange 

their old smartphones for a discount or credit toward purchasing new ones from time to 

time, and the manufacturer or distributor will buy back the old smartphone for 

remanufacturing (Souza, 2013). We focused on trade-ins with an upfront cost. In this 
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take-back technique, when acquiring a smartphone, the consumer must pay upfront to 

ensure that the device can be sold at a higher price under any conditions (Yin & Tang, 

2014). Donating the smartphone to another user is another technique for lengthening the 

product’s life (Gan et al., 2023). 

 

Most research has focused on individual take-back strategies. Bian et al. (2019) 

investigated the optimal extended warranty for trade-in purposes. Feng et al. (2019) 

examined optimal pricing and trade-in policies. Kwon et al. (2015) and Li et al. (2023) 

examined product trade-ins considering the pricing of durable goods. The aim of our 

study was twofold. First, we examined and compared four potential product take-back 

approaches (trade-ins, trade-ins with upfront fees, contracts with providers, and 

donations) to determine the most suitable method for the Indonesian market. Second, we 

investigated the factors that influenced an individual’s choice of take-back approach, 

using the AHP with the Benefits, Opportunities, Costs, and Risks (BOCR) method. A 

survey was administered to students and workers interested in the smartphone take-back 

alternatives. We analyzed various factors from the complex decision-making process 

hierarchically. In this way, we simplified the process of combining the parts into a whole 

and evaluating all existing alternatives, based on the same criteria used by Russo and 

Camanho (2015) and Tchangani and Pérès (2010). As a result, we were able to 

demonstrate the feasibility of the two most favorable approaches in the Indonesian 

market––trade-ins and trade-ins with upfront fees. 

 

 

2. Methods 

This section describes a four-stage process for selecting a take-back method strategy for 

smartphones in Indonesia. We constructed models following a thorough examination of 

the literature. Then, we produced, validated, and tested the questions before collecting 

data via Google Forms. The data obtained were pre-processed to ensure quality before 

data analysis and respondent profiling. The strategy was based on decision analysis using 

the AHP with BOCR, computed using SuperDecisions (Adams et al., 2023). Finally, a 

sensitivity analysis was performed to draw conclusions. Figure 2 depicts the methodology 

used. 

 

 
Figure 2 Research methodology 

 
2.1 AHP 

Because of its simplicity, adaptability, and ability to manage intricate decision-making 

situations that involve multiple criteria and options, the AHP is widely used for decision-

making and evaluation in several domains. However, alternative pairwise-based Multi-

Criteria Decision-making (MCDM) tools, such as the Level Based Weight Assessment 

(LBWA) (Žižović & Pamučar, 2019), Best–Worst Method (BWM) (Singh & Pant, 2021), 
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Full Consistency Method (FUCOM) (Pamučar et al. 2018), and Defining 

Interrelationships Between Ranked criteria (DIBR) (Pamučar et al. 2021) techniques have 

advantages and may also be appropriate. Ayan et al. (2023) provided a detailed 

description of these methods. 

 

The LBWA method calculates the weighted averages of the criteria and alternatives while 

applying restrictions on the weights to prevent extreme results. In this way, highly 

influential criteria or alternatives are prevented from overpowering the decision-making 

process. In contrast, the BWM identifies the most favorable and unfavorable criteria or 

alternatives by evaluating their relative performance. This method is beneficial when 

criteria or alternatives need to be prioritized based on their relative superiority or 

inferiority. The FUCOM integrates fuzzy logic into the decision-making process, 

allowing for the handling of imprecise or uncertain input. The FUCOM is beneficial in 

circumstances where subjective assessments are involved or when precise quantitative 

data are inaccessible. The DIBR technique expands the scope of rough set theory to 

address decision-making scenarios involving value intervals. Thus, the DIBR approach is 

applicable in scenarios where decision-makers are confused regarding the exact values of 

the criteria or alternatives. Finally, examples of MCDM application may be found in the 

work of Ismail et al. (2023), where it was used to enhance sustainability and resilience in 

enterprises. Bairagi (2022) introduced a new MCDM model for selecting warehouse 

locations, whereas Sivaprakasam et al. (2023) devised a generalized Z-fuzzy soft β-

covering method to address multiple-attribute group decision-making problems. 

 

While newer methods such as BWM and FUCOM have been developed to address some 

limitations of the AHP, we chose the AHP for several reasons which are critical to the 

context of this study. First, the AHP offers a hierarchical structure for complex decision 

problems, making it easier for stakeholders to effectively participate in the decision-

making process. The ability to decompose the problem into multiple levels of criteria and 

sub-criteria is especially beneficial for the complex decision environment described in 

this article. Moreover, while BWM and FUCOM reduce the number of pairwise 

comparisons, the AHP provides a widely accepted and well-documented approach to 

consistency checking, which is essential for ensuring the robustness of subjective 

judgments. This consistency checking feature makes it possible to assess and improve the 

reliability of the decision-making process, which is a crucial consideration of this 

research. Additionally, the flexibility of the AHP makes it possible to incorporate both 

qualitative and quantitative data, which was necessary given the complexity of the 

decision problem. The AHP’s ability to handle multiple layers of criteria and integrate 

diverse types of data make it the most suitable method for this study, where decision-

making involves various interacting factors. Overall, while we recognize that methods 

like BWM and FUCOM offer advantages in terms of reducing comparisons and 

enhancing consistency, the AHP was better suited to this research due to its ability to 

accommodate group decision-making and provide a balanced approach that ensures ease 

of use, flexibility, and consistency checking. Furthermore, the AHP offers a systematic 

and structured decision-making approach that includes several criteria for assessing 

options (Lipovetsky, 2021), including a structured process for breaking down a 

complicated choice into a hierarchy, making pairwise comparisons across criteria and 

alternatives, establishing the ratio scale priority, and synthesizing the results to determine 

the best outcome. The AHP generally comprises six steps (Saaty, 1994): 

 



IJAHP Article: Budiarto, Halim, Shu-San/Take-back strategy selection for smartphones in a 

closed-loop supply chain using the AHP with BOCR method 

 

 

 International Journal of the 

Analytic Hierarchy Process 

6 Vol  17 Issue 1 2025 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v17i1.1179 

a. Hierarchy creation: In this step, the problem is broken down into criteria and sub-

criteria. The target is at the top, followed by the criteria contributing to that goal, with 

the sub-criteria appearing beneath each criterion. 
b. Pairwise comparison: Decision-makers hierarchically rank each element, based on its 

importance or contribution to the level above it. These comparisons are often 

performed using a scale of relative importance ranging from 1 to 9, where 1 indicates 

equal importance and 9 indicates extreme importance. 

c. Consistency checking: Consistency checks are run to ensure the results are logical 

and coherent. Inconsistent judgments can be corrected or revised in this step. 

d. Priority weight derivation: Priority weights are derived using mathematical 

approaches to the pairwise comparison data. These weights are assigned to each 

element at every level of the hierarchy. The weights indicate the relative significance 

of each component in attaining the overall goal. 

e. Judgment aggregation: Once derived, the priority weights are meticulously combined 

to establish the overall priorities of the options being assessed, providing a clear 

picture of the decision-making process. 

f. Sensitivity analysis: Changes in the judgments are evaluated in terms of how they 

affect the outcomes, helping to determine the reliability and stability of the decision-

making process. 

 

2.2 BOCR model 

When conducting a comprehensive study of a decision problem, the benefits, 

opportunities, costs, and risks associated with it are often considered. To determine the 

priorities of alternatives, values are assigned to each of these control criteria based on the 

impacts that differentiate the priority of those alternatives (Saaty & Wei, 2016). Benefits 

reflect the positive outcomes or advantages that a decision will provide. Opportunities are 

the potential positive outcomes of a choice or undertaking. Costs include all expenses 

connected with implementing a decision. Risks are the uncertainty and possible 

undesirable outcomes of a choice or endeavor (Tchangani & Pérès, 2010; Wind & Saaty, 

1980).  

 

Saaty (2001) and Saaty and Özdemir (2004) demonstrated that a fourth element, 

opportunities (O), could be incorporated into the analysis, enabling a complete BOCR 

analysis through a (B∗O)/(C∗R) ratio, where the positives include benefits and 

opportunities, and the negatives include costs and risks. A critical validation of the 

AHP/ANP (Analytic Network Process) with BOCR has been provided by Wijnmalen 

(2007). Figure 3 depicts the BOCR analysis process. In this study, the computation of 

AHP with BOCR was performed using SuperDecisions software (Adams et al., 2023; Mu 

& Pereya-Rojas, 2018).  

 
2.3 Questionnaire design 

The questionnaire design had two components. The initial section of the survey inquired 

about the respondent’s demographic information, including age, occupation, and position. 

The second section asked about the AHP-BOCR construction. Each alternative had four 

sub-sections including benefit, opportunity, cost, and risk. For a trade-in alternative, the 

benefits section comprised three inquiries, namely simplicity, financial and flexibility. 

Therefore, the pairwise comparison could be constructed as follows: 
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[AB1| 

Simplicity] 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 [AB2| 

Financial] 

[AB1| 

Simplicity] 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 [AB3| 

Flexibility] 

[AB2| 

Financial] 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 [B3| 

Flexibility] 

 

However, this pairwise comparison question was completed in two phases because the 

survey was disseminated through Google Forms. Initially, the respondents were asked to 

rank the relative importance of two inquiries, such as [AB1|Simplicity] or 

[AB2|Financial]. Subsequently, the respondents were asked to rank the chosen element’s 

importance. The weight values ranged from 1 to 9. In this example, [AB1|Simplicity] 

corresponds to the statement “It is more straightforward to sell a used smartphone;” 

[AB2|Financial] to “Reducing new smartphone pricing;” and [B3|Flexibility] to 

“Purchasing a smartphone at any time”. 

 

Figure 3 BOCR analysis process (after Mu & Pereyra-Rojas, 2018) 

 

 

3. Results and discussion 

3.1 Data 

Forty-one questionnaires were deemed valid based on the AHP standards, which 

demonstrated that the respondents’ answers were consistent. The data were analyzed 

using descriptive statistics, the AHP, and SuperDecisions software. Because the AHP 

methodology is commonly used in decision-making, the number of participants in the 

AHP survey was not the primary concern (gathering the group is the primary concern in 

group decision-making) (Saaty, 1989).  
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The respondents comprised 34% men and 66% women. Several positions were 

represented, including business owners (14%), managers (18%), staff (36%), contract 

workers (7%), and students (25%). Regarding education level, 75% had an undergraduate 

degree, while the remaining 25% were still pursuing an education (Table 1). 
 
Table 1 

Participant profiles 

 

Variable Percentage 

Sex  

 

Men 34% 

 

Women 66% 

Job 

 

 

Business owner 14% 

 

Manager 18% 

 

Staff 36% 

 

Contract staff 7% 

 

College student 25% 

Education 

 

 

Still studying 25% 

  Undergraduate 75% 

 
3.2 BOCR model 

We compared the take-back method with the following four alternatives: trade-ins, trade-

ins with upfront fees, contracts with providers, and donations. 

 
3.2.1 Trade-in 

A trade-in is where the smartphone provider purchases the used smartphone from the 

customer and subtracts its value from the price of a new smartphone. The following four 

variables were considered in the trade-in process: simplicity, finance, flexibility, and 

technology (Table 2). 
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Table 2 

BOCR model for the trade-in alternative  

 

Model Factor Variable Source 

Benefit 

Selling a used smartphone is 

more straightforward  
Simplicity Yin & Tang (2014)  

Lowering the price of a new 

smartphone 
Finance Yin & Tang (2014)  

Purchasing a smartphone at 

any time 
Flexibility Cao et al. (2018)  

Opportunity 

Being continuously informed 

about the most recent 

advancements in smartphone 

technology 

Technology Yin & Tang (2014)  

Offering a used mobile device 

for sale 
Finance Cao et al. (2018) 

Cost 

Paying the convenience fee 

for selling used smartphones 
Finance Yin & Tang (2014)  

Trade-in prices for used 

smartphones are inflexible 
Flexibility Cao et al. (2018) 

Risk 

The smartphone’s state does 

not guarantee that it is in 

excellent condition 

Flexibility Yin & Tang (2014)  

Upgrading to the most current 

smartphone model is 

necessary to fully experience 

the latest technological 

advancements 

Technology Cao et al. (2018) 

 
3.2.2 Trade-in with upfront fee  

This smartphone take-back method operates on a fair basis, like a general trade-in, but 

with an additional fee. This fee ensures that the returned smartphone will be accepted, 

regardless of its condition, and that the price offered will be in line with the agreed-upon 

value of the old smartphone, providing a fair and equitable trade-in process. The trade-in 

option with an upfront fee involves evaluating the same four elements as in the trade-in 

option (Table 3). 
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Table 3 

BOCR model for the trade-in with an upfront fee alternative  

 

Model Factor Variable Source 

Benefit 

Selling a used smartphone is more 

straightforward  
Simplicity Yin & Tang (2014) 

The smartphone’s price does not fall 

below the prevailing market value of a 

used smartphone 

Finance Yin & Tang (2014) 

Purchasing a smartphone at any time Flexibility Cao et al. (2018) 

Opportunity 

Smartphones are marketable in 

whatever state or condition 
Flexibility Yin & Tang (2014) 

Being continuously informed about 

the most recent advancements in 

smartphone technology 

Technology Yin and Tang (2014) 

Offering a used mobile device for sale Finance Cao et al. (2018) 

Cost 

Incurring convenience costs in selling 

old smartphones 
Finance Yin & Tang (2014) 

Trade-in smartphone fees are not 

flexible 
Flexibility Cao et al. (2018) 

Incurring additional costs for price 

contracts 
Finance Yin & Tang (2014) 

Risk 

Incurring additional costs for price 

contracts 
Flexibility Yin & Tang (2014) 

Trade-in smartphones must be of the 

same brand because of contractual 

obligations 

Flexibility Yin & Tang (2014) 

 
3.2.3 Contract with provider  

A contract with a provider is a take-back method involving a contract system with an 

internet service provider or a provider with a smartphone-bundling system (Alshurideh, 

2016). Table 4 shows the variables supporting this alternative and explains the three 

variables that establish the contract with a provider as a method for returning 

smartphones. These three variables are simplicity, flexibility, and finances. 
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Table 4 

BOCR model for the contract with a provider alternative 

 

Model Factor Variable Source 

Benefit 

Bundling internet services with a 

smartphone simplifies the process of 

replacing used smartphones 

Simplicity Alshurideh (2016)  

Numerous alternatives are available 

for trading-in used smartphones in 

exchange for new bundles 

Flexibility Alshurideh (2016) 

Opportunity 

Acquiring a smartphone is possible by 

paying a recurring monthly fee for an 

internet plan  

Finance Alshurideh (2016) 

Customers can select a bundling 

package to replace their previously 

owned smartphones  

Flexibility Alshurideh (2016) 

Cost 

Engaging in costly monthly internet 

charges 
Finance Alshurideh (2016) 

Paying replacement costs for used 

smartphones and bundles 
Finance Alshurideh (2016) 

Contractual fees are required Flexibility Alshurideh (2016) 

Risk 

Unable to switch providers before 

contract completion 
Flexibility Alshurideh (2016) 

The region where provider services 

are accessible differs 
Simplicity Alshurideh (2016) 

 
3.2.4 Donation  

The final factor examined in this study was the donation option, which lengthens a 

smartphone’s life-cycle. Used smartphones are generally given to family members; 

however, donations provide an alternative to give used smartphones to people in need. 

The donated smartphones can be distributed through charity organizations, or social or 

religious institutions. The flexibility, environmental, simplicity, finance, and social 

variables support donation as a take-back method for smartphones (Table 5). 
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Table 5 

BOCR model for the donation alternative 

 

Model Factor Variable Source 

Benefit 

The donated smartphone does 

not need to be in excellent 

condition 

Flexibility Gan et al. (2023)  

Contributes to society Social Gan et al. (2023) 

Opportunity 

Helps the environment Environment Govindan et al. (2015)  

Finding a used smartphone 

donation recipient is easy 
Simplicity Gan et al. (2023) 

Cost 

There is no discount when 

purchasing a new smartphone 
Finance Gan et al. (2023) 

Paying for smartphone repairs if 

gifted to a close relative 
Finance Gan et al. (2023) 

Risk 

The intended recipient is off 

target 
Social Team advice (experience) 

The recipient declines the 

donation 
Social Team advice (experience) 

 
3.3 AHP models 

Figures 4 to 7 illustrate the relationships derived from the factors acquired in the BOCR 

model, with B1, O1, C1, and R1 representing the alternatives considered (trade-ins, trade-

ins with upfront fees, contract providers, and donations).  

 

Factor B1 (Figure 4) has four branches of criteria. The financial benefits (reduced 

expenses) associated with returning a smartphone, the simple process of exchanging a 

used smartphone, and the flexibility of exchanging a smartphone for a chosen alternative 

were considered. 
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Figure 4 Benefits model 

 

Figure 5 presents the opportunities (O1) that involve financial benefits from a smartphone 

exchange. Favorable circumstances are provided to facilitate the exchange process. These 

opportunities offer convenient access to continuously updated technology at a lower cost, 

and contribute to environmental sustainability through green manufacturing principles. 

Old smartphones received by alternative providers are dismantled and refurbished for 

their reusable components. The flexibility criterion refers to the adaptable features of the 

identified alternatives. 
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Figure 5 Opportunities model 

 

Figure 6 introduces Factor C1 as an alternative to cost, encompassing the financial aspect 

that needs to be considered as an expense when exchanging a smartphone. It also 

includes the flexibility criterion, which is reduced because of binding costs in the form of 

an agreement to already listed prices. 

 

 
 

Figure 6 Costs model 

 

Risk is the final aspect in the description of BOCR, denoted as R1 to R5 (Figure 7). Risk 

encompasses the limited options provided by each alternative. Moreover, it includes the 

inflexibility that arises from limitations that cannot be resolved until the agreement or 
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contract is finalized. Technological risk arises from the rapid replacement of 

smartphones, leading to a rapid technological turnover. Thus, to stay up to date with 

technological advancements, one must continually replace smartphones. Social risk 

involves engaging in inappropriate social actions when attempting to donate. 

 

 

 
 

Figure 7 Risks model 

 
3.4 Findings 

Business owners, staff, contract staff, and college students prioritized “benefit” as the 

most crucial factor in their decision-making (Table 6). In contrast, managers placed 

greater importance on “cost” as the primary criterion for decision-making. The BOCR 

criteria with the lowest values were considered to have had minimal effects on the 

decision-making. Business owners perceived “cost” as a non-significant factor in the 

smartphone return procedure; however, the managers considered it to be essential. 

Likewise, while evaluating the existing criteria, the managers may have considered risk 

as something other than a factor that affected smartphone return choices. However, for 

the business owners, risk was an important criterion to consider when making decisions. 

 

Here, we used a random consistency index of 0.91 to compute the consistency ratio. The 

consistency ratio of all participants was below 10%, allowing us to infer that the decision 

was consistent (Lipovetsky, 2021; Saaty, 1994). If the pairwise comparisons in the survey 

were inconsistent, we reached out to the individuals who provided inconsistent answers. 

We informed them that their responses were inconsistent and asked them to reconsider 

their answers.  
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Table 6 

BOCR weight of each group of respondents 

CI: consistency index; CR: consistency ratio 

 

3.5 BOCR synthesis 

Table 7 synthesizes the four BOCR aspects. Although the preferences of each respondent 

group varied, our analysis only considered the following two criteria: trade-ins and trade-

ins with upfront fees. While the managers, staff, and college students favored the trade-in 

alternative, the business owners and contract staff preferred the trade-in with an upfront 

fee. 

 

Most groups, including the managers, staff, and college students, prioritized trade-ins as 

the preferred take-back method, with trade-ins with upfront fees being the next most-

favored option. The contract staff preferred a trade-in arrangement involving an initial 

upfront fee followed by another transaction. The business owners favored a trade-in 

arrangement involving an initial upfront fee followed by a donation.  

 

Souza (2013) argued that manufacturers can engage in trade-ins and leasing to reclaim 

smartphones that have been delivered to consumers. Subsequently, reverse manufacturing 

can be implemented in a CLSC. Our findings support Souza’s (2013) conclusions as our 

data indicated that trade-ins are the preferred option for consumers returning smartphones 

to the distributors. 

 

  

Respondent group Benefit Opportunity Cost Risk CI CR = CI/0.91 

Business owner 0.366 0.195 0.146 0.293 0.056 0.062 

Manager 0.259 0.222 0.370 0.148 0.033 0.036 

Staff 0.343 0.200 0.286 0.171 0.087 0.096 

Contract staff 0.638 0.203 0.101 0.058 0.018 0.020 

College student 0.370 0.217 0.283 0.130 0.057 0.063 

Average 0.395 0.208 0.237 0.160 0.050 0.055 

Percentage 40% 21% 24% 16%     
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Table 7 

BOCR synthesis of smartphone take-back methods 

 

Criterion 

Business 

owner 

Manager Staff Contract 

staff 

College 

student 

Trade-in w/ 

upfront fee 

Trade-in Trade-in Trade-in w/ 

upfront fee 

Trade-in 

Sub-criterion 

Benefit Donation Trade-in Trade-in Trade-in Trade-in 

Opportunity Trade-in w/ 

upfront fee 

Trade-in w/ 

upfront fee 

Trade-in w/ 

upfront fee 

Trade-in w/ 

upfront fee 

Trade-in w/ 

upfront fee 

Cost Contract w/ 

provider 

Contract w/ 

provider 

Contract w/ 

provider 

Contract w/ 

provider 

Contract w/ 

provider 

Risk Contract w/ 

provider 

Contract w/ 

provider 

Contract w/ 

provider 

Contract w/ 

provider 

Contract w/ 

provider 

Take-back method 

Trade-in 1.63 2.51 2.50 1.91 1.75 

Trade-in w/ 

upfront fee 
2.91 1.16 1.28 2.52 1.38 

Contract w/ 

provider 

0.27 0.61 0.85 0.38 0.52 

Donation 1.83 0.58 0.17 0.08 0.68 

 
3.6 Discussion 

A sensitivity analysis was conducted to assess the reliability of the survey results 

regarding variations in priority weights and measurements. The sensitivity analysis graph 

depicted in Figure 8 reveals that altering the weight assigned to each alternative directly 

impacted the level of interest in that take-back method. 

 

The “benefits” section reveals that donations were the preferred choice for all groups 

except for students. The sensitivity graphs reveal a crossover in response outcomes when 

the weight of the number of responses and the allocated time changed. In this scenario, 

when the weight was adjusted to 0.8, the interest for the business owner’s preferences 

was 0.256. However, when the weight was set in the range of 0.8–1, donation became a 

more-favored option for the business owners. The same phenomenon occurred with the 

managers and college students. However, when the weight of the alternative was set to 1, 

the lines intersected, indicating that the respondents’ interests aligned. 

 

Regarding “opportunity,” for all groups, interest shifted when the weight was allocated to 

a range of 0.2–0.7. All groups preferred trade-ins with an upfront cost, the values ranging 

from 0.302 to 0.399, the highest among the alternatives. Therefore, in terms of 

opportunity, a trade-in with an upfront fee is a more dependable alternative. 

 

The sensitivity analysis for “cost” revealed that, when the weight was adjusted to 

between 0.1 and 0.2, the decision changed notably, with the trade-in becoming the most 

suitable take-back alternative, with a high value of 0.348. In the sensitivity analysis graph 

for “risks,” each alternative showed a change in response when the weight value was 

between 0.3 and 0.4. However, the results remained consistent for the staff group at 
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0.305, the highest value. This result indicates that the staff consistently considered trade-

ins suitable for product take-back. 

 

However, the business owners opted for the trade-in with an upfront fee as the most 

lucrative solution (Table 7). Nevertheless, when we assigned greater importance to the 

current elements, the most advantageous option changed to donation. Upon incorporating 

the weight of the existing factors, the trade-in option with an upfront fee emerged as the 

most expensive. This result was disadvantageous for business owners. In contrast, when 

the current factor weights were considered, the contribution value was the most lucrative 

criterion for business owners. 
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Figure 8 Sensitivity analysis graphs 

 

 

4. Conclusion 

In this study, we compared four take-back methods for smartphones including trade-ins, 

trade-ins with upfront fees, contracts with providers, and donations. Each method was 

evaluated against multiple criteria, including financial implications, environmental 

benefits, operational flexibility, and associated risks. Then, a sensitivity analysis was 

conducted to assess the robustness of the results to variations in decision weights. 

 

The results indicate that different respondent groups had different preferences, with trade-

ins and trade-ins with upfront fees emerging as the primary choices for most. However, 

the optimal method changed as the decision weights varied, highlighting the necessity to 

consider diverse stakeholder perspectives. Furthermore, our results underscore the 

importance of incorporating environmental and social factors alongside financial 

considerations in decision-making processes. 
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The sensitivity analysis revealed that none of the groups favored contracts with providers 

or donations as smartphone take-back options because of their poor value. Meanwhile, all 

parties considered trade-ins and trade-ins with upfront charges to be feasible options for 

smartphone returns. Moreover, the BOCR model synthesis demonstrated that business 

owners and contract staff preferred trade-ins with upfront fees, whereas managers, staff, 

and college students believed that trade-ins were the most suitable option for returning 

smartphones.  

 

Our findings indicate the practicality of the two most prevalent methods in the Indonesian 

market, trade-ins and trade-ins with upfront fees. This suggests that manufacturers can 

use these methods for product take-back, aligning their operations with the preferences of 

various consumer groups. 

 

Thus, we have contributed to the discourse on sustainable smartphone management by 

providing insights into effective take-back strategies tailored to the Indonesian market. 

Our findings offer valuable guidance for policymakers, manufacturers, and consumers 

seeking to navigate the complexities of smartphone end-of-life management while 

promoting environmental stewardship and resource efficiency. 

 

From a theoretical viewpoint, in this study, a sensitivity analysis was used to assess the 

impacts of variations in decision weights. We enhanced the decision-weight 

characteristics by applying a modeling approach. Furthermore, this work was exclusively 

focused on cohorts of industry workers and students. Increasing the size of the respondent 

group would be interesting because the small sample size used here represents a 

limitation. Therefore, extending the models to include decision-weight modeling and 

increasing the size of the respondent group are future research avenues that may yield 

more robust results.  
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