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Abstract

:

Background: This study aims to develop an efficient future game participation strategy for teenaged athletes based on an analysis of the 2019 International Table Tennis Federation (ITTF) World Tour game expenditure efficiency and prize-winning efficiency. Methods: In this research, Chinese Taipei (TPE) players served as the main research subjects. The input and output categories were determined through a literature analysis. A two-stage efficiency process of data envelopment analysis (DEA) and Boston consulting group (BCG) matrix were applied in this study to facilitate the calculation. Results: Based on a slack variable analysis, local travel expenses are the key elements impacting efficiency. The game recommendation order was based on a BCG matrix. The top seven recommended games were the Japan Open, Czech Open, Australian Open, Bulgarian Open, Austrian Open, China Open, and German Open. Conclusion: The results of this current study provide efficient game participation recommendations for teenaged athletes. Long-term follow-up records of game participation information should be developed to provide teenaged athletes with a precise efficiency analysis.
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1. Introduction


1.1. Background


The most renowned competitions in table tennis are the Olympics Games, the World Championships, and the World Cup. For table tennis athletes, winning all three championships to achieve the Grand Slam title represents the highest honor. Qualification to compete in these three games is based on the world rankings of athletes, which are calculated by adding the points athletes receive from the eight best performing games out of the twelve International Table Tennis Federation (ITTF) World Tour games.



The ITTF World Tour was established in 1996 to adapt to the market- and career-oriented environment of professional sports. Major adjustments were made in 2017, and the games were divided into six World Tour platinum games and six World Tour regular games. A total of twelve games are hosted annually, with each game including men’s singles, men’s doubles, women’s singles, women’s doubles, and mixed doubles competitions. Member countries can participate and compete for points and prize money. The fifteen players with the most points along with the player from the hosting country who possesses the most points participate in the December ITTF World Tour Finals. The total prize money is 1 million USD and is thus a long-cherished goal of table tennis athletes. However, not all teenaged athletes have sufficient funding to participate in international games. Without corporate sponsorships, many outstanding teenaged athletes cannot continue their careers due to limited financial resources. The official webpage of ITTF World Tour reports statistics only records points, prize money, and the ranking of players. A more efficient index is needed to help young athletes decide whether to join the tournament. As a result, our study aims to develop an ITTF World Tour game participation strategy, as such a strategy will benefit athletes with limited resources when choosing games. This strategy will especially benefit teenaged athletes and assist them as they transition into future professional careers.



In our study, we employed a data envelopment analysis (DEA) to assess the relative efficiency of the ITTF World Tour games from the perspective of Chinese Taipei (TPE) players. DEA was first developed in 1957 by Farrell [1] and was subsequently modified by Charnes et al. [2] and Banker et al. [3]. DEA is a linear programming method used to evaluate the relative efficiency between decision-making units (DMUs). It assigns each DMU an efficiency score that is comparable to those of other DMUs. DEA is considered an adequate method for evaluating efficiency across a variety of domains, such as economics [4], country development [5], universities, financial institutions, and others [6]. The use of DEA in analysis of the sports industry has flourished in recent years [7,8,9,10,11,12,13]. A comprehensive review of DEA use in sports illustrates that a significant number of papers that use DEA to analyze athletic/economic/managerial efficiency in various sports have been published [14]. Both team efficiency and individual player efficiency are widely discussed across different sports, such as basketball [15], baseball [16], football [17], and tennis [18,19]. In competitions, players use different game participation strategies to obtain advantages and to avoid weakness [15]. However, to our knowledge, DEA has not yet been used in the context of game participation strategy. For this reason, evaluating game participation strategy precisely and understanding the causes of inefficiency are crucial. This not only provides an insightful perspective when discussing the efficacy of performance evaluation in sport industry but also provides practical applications for athletes to identify their strengths and to improve their winning ratios. To bridge this gap in the current literature, we propose a two-stage framework using a DEA bootstrapping methodology to develop an ITTF game participation strategy.



In the first stage, we developed an efficient game expenditure model by adopting measurable data such as local travel expenses and flight distance as input variables, and the number of points and amount of prize money won in each competition as output variables. In the second stage, we developed a prize-winning model by adopting changeable data such as the number of game participants as inputs, and the actual points and prize money won by players from TPE as output. Finally, we combined the above two models of game expenditure efficiency and prize-winning efficiency using a Boston consulting group (BCG) matrix to create a participation strategy. The results of the current study provide potential efficient game-participation recommendations for teenaged athletes, which will benefit financially challenged teenaged athletes, allowing them to choose games to optimize efficiency.




1.2. Objectives


We applied DEA and BCG methodologies to the 2019 ITTF World Tour with the objective of developing an efficient future game-participation strategy to increase the annual allocated points and prize money of athletes. We collected data from 2019 ITTF World Tour websites [20] and employed TPE players as our research subjects.



Our research includes the following three objectives:



(1) To analyze the game expenditure efficiency of the 2019 ITTF World Tour.



(2) To analyze the prize-winning efficiency of athletes in the 2019 ITTF World Tour.



(3) To develop a game participation strategy for the 2021 ITTF World Tour.





2. Methods


In a recent study [21], researchers proposed that DEA operations include the following four stages: (1) determining the compared objectives, (2) determining the numbers of DMU, (3) selecting the inputs and outputs, and (4) applying DEA and analyzing the results. These authors noted that DEA is a method for evaluating the relative efficiency of DMUs. Homogeneity among DMUs should be strictly emphasized; otherwise, the evaluation results will not be sufficiently meaningful. As a rule of thumb, the number of evaluated units should be at least two times the sum of the inputs and outputs [21]. In DEA calculations, the respective DMUs are assigned the weights that are most beneficial in increasing their efficiency. For this reason, researcher subjectivity does not affect the weights given to DMUs in DEA.



The application of the BCG matrix is a powerful means of simplifying complex issues regarding strategy. The BCG matrix is a 2 × 2 matrix originally used to compare companies based on their growth rates and company shares, shown in Figure 1. Based on this data, DMUs are classified into the quadrants Stars, Dogs, Cash cows, and Question marks [22,23]. After long-term development, BCG has combined many different research methods to analyze and obtain accurate results. In previous studies, a combination of DEA and BCG was applied in the planning in UK universities [24], the evaluation of firm performance [25], and the strategic positioning of Moroccan seaports [26].



2.1. Statistical Analysis


2.1.1. DEA


DEA is a nonparametric method for estimating production frontiers and a linear programming research method that was proposed in decision analysis and economics, developed by Charnes et al. [2]. It was used to evaluate the relative efficiency of DMUs, especially for nonprofit organizations with multiple inputs and outputs.



DEA’s process to benchmark multi-dimensional inputs and outputs as well as its computational ease and quickness result from it being expressible as a linear program [28,29]. It is a very suitable method for helping players measure the performance of a particular competition. DEA defines the efficient frontier of all units under analysis and compares the estimated efficiency with the actual efficiency produced. Relative efficiency ranges between 0 and 1, with 1 being the most effective. Nonparametric methods compare feasible input and output combinations to rank DMU efficiency values and improvement goals. DEA has recently been extended to include multi-stage analyses [30,31].



We used DEAP version 2.1 software [32] for data calculation and analysis. This program is used to construct DEA frontiers for the calculation of technical and cost efficiencies. The program has CRS, VRS, and DEA models that involve the calculation of technical and scale efficiency (SE).




2.1.2. Operational Definitions


Table 1 presents the twelve games of the annual ITTF World Tour, including six platinum games and six regular games: the Hungarian, Qatar, China, Hong Kong, Japan, Korea, Australian, Bulgarian, Czech, Swedish, German, and Austrian Open games.



Based on the analysis of experts, scholars and the related literature have used the DEA methodology to analyze game efficiency [33,34,35]. We developed and ran an efficient game expenditure model (see Figure 2) based on foreseeable data. In this stage, we used local travel expenses and flight distances as inputs, and the number of points and the amount of prize money in each competition as output variables. In the second stage, we developed and ran a prize-winning model based on relevant variable data; we used the number of game participants as inputs, and the actual points and prize money won by players from TPE as outputs. The related operational definitions are provided in Table 2.





2.2. Research Procedure and Data Processing


In the first stage, we conducted an efficient game expenditure analysis. We first used the Charnes–Cooper–Rhodes (CCR) model to estimate the value of constant returns to scale technical efficiency (CRSTE) of each DMUs. CRSTE is a type of frontier scale used in DEA. It helps estimate efficiencies related to whether the inputs or outputs result in proportional changes in the corresponding outputs or inputs. We then employed the Barker–Charnes–Cooper (BCC) model to estimate variable returns to scale technical efficiency (VRSTE). In addition, we calculated SE by dividing CRSTE by VRSTE. The SE of the DEA parameter is the total efficiency divided by the technology. SE expresses whether the DMUs operate at their optimal size. If not, the next step of using further comparisons of DEA outputs (using increasing or decreasing returns to scale) determines whether the DMUs are too large or too small. Finally, slack variable analysis was applied to provide the extent to which each DMU can be improved. Slack variable analysis is an important analysis method in DEA, from which researchers can understand each DMU’s potential for improvement. This is an important piece of information about what projects should be invested in future resources. The poor performance of an evaluated unit in the DMUs pushes efficiency farther away from the front line of efficiency.



In the second stage, we used the same procedures to conduct the prize-winning efficacy analysis. Finally, we combined the above two models of game expenditure efficiency and prize-winning efficiency using a BCG matrix to create a participation strategy.



We collected research data from the twelve ITTF World Tour games. A summary of the 2019 ITTF World Tour Game information is shown in Table 3. The data collected includes entrance fee (USD) for each event/game day, local travel expenses, flight distances (km), points won, amount of prize money, number of participants, and the ranking of TPE players.





3. Results


In this section, we present the outcomes of the two stage analysis. Each stage included efficiency analysis, returns to scale analysis, and slack variable analysis. The results from the first stage represent a measure of the 2019 ITTF World Tour expenditure efficiency. The results from the second stage provide a measure of the 2019 ITTF World Tour prize-winning efficiency. Finally, we combined the two models of game expenditure efficiency and prize-winning efficiency using the BCG matrix to create a participation strategy.



3.1. Expenditure Efficiency for the 2019 ITTF World Tour


3.1.1. Efficiency Analysis


In the first stage, we conducted a game expenditure efficiency analysis using flight distances and local travel expenses as inputs; the outputs were the points won and the amount of championship prize money.



Table 4 presents the results of the efficiency analysis. We first used a CCR model to estimate the CRSTE value of each DMU, which were as follows: Hungary (0.563), Qatar (0.586), China (1), Hong Kong (0.495), Japan (1), Korea (0.635), Australia (0.796), Bulgaria (0.995), The Czech Republic (1), Sweden (0.524), Germany (0.907), and Austria (0.883).



We then employed the BCC model to estimate VRSTE. The VRSTEs of the various DMUs were as follows: Hungary (0.626), Qatar (0.598), China (1), Hong Kong (0.618), Japan (1), Korea (0.793), Australia (0.824), Bulgaria (1), The Czech Republic (1), Sweden (0.593), Germany (0.954), and Austria (0.928).



From the findings, we calculated SE by dividing CRSTE by VRSTE. Based on these calculations, we found that the China Open, Japan Open, and Czech Open had SEs of 1. For both CRTSE and SE, the Bulgarian Open obtained a value of 0.995, which fell slightly short of the efficiency frontier.




3.1.2. Returns to Scale Analysis


In stage 1 of the returns to scale analysis, the China Open, Japan Open, and Czech Open reached the efficiency frontier. The CCR model hypothesizes that, under constant returns to scale, we can calculate the relative efficiencies of the DMUs. Inefficient DMUs can result from the different scales of the games. When the constant SE does not reach 1, this result implies an increase or decrease in SE.




3.1.3. Slack Variable Analysis


A slack variable analysis mainly targets inefficient DMUs to identify which variables need improvement. In general, the identification of a slack variable in the input category indicates an excessive investment of resources; the identification of a slack variable in the output category indicates that improvements in that variable could result in higher efficiencies. We conducted a slack variable analysis on the twelve 2019 ITTF World Tour games, and the results are presented in Table 5.



The inputs (original values) were local travel expenses (USD) and flight distances (km). The outputs were the championship prize money and points. Both inputs and outputs were constant. Using slack variable analysis, we obtained a suggested value for each variable [43]. We calculated the difference values by subtracting the suggested values from the original values. When input values are reduced, efficiency reaches the optimal efficiency frontier.



The Bulgarian Open had an efficiency of 0.995; thus, suggested values for local travel expenses and flight distances remained the same. The German Open had an efficiency of 0.907. Local travel expenses were 1080 USD, and the suggested target was 1030 USD, for a difference of 50 USD. The flight distance was 9081 km, and the suggested target was 1359 km, for a difference of 7722 km. The Austrian Open had an efficiency of 0.883. Local travel expenses were 1110 USD, and the suggested target was 1030 USD, for a difference of 80 USD. The flight distance was 9129 km, and the suggested target was 1359 km, for a difference of 7770 km. The Australian Open had an efficiency of 0.796. Local travel expenses were 1272 USD, and the suggested target was 1048 USD, for a difference of 224 USD. The flight distance was 7419 km, and the suggested target was 1051 km, for a difference of 6368 km.





3.2. Prize-Winning Efficiency for the 2019 ITTF World Tour


3.2.1. Efficiency Analysis


In the second stage, we calculated the prize-winning efficiency using the actual number of players and local travel expenses as inputs; the outputs were points and the championship prize money.



Table 6 presents the results of the prize-winning efficiency analysis for the twelve ITTF World Tour games. We first used a CCR model to estimate the following CRSTEs for the various DMUs: Hungary (0.200), Qatar (0.401), China (0.255), Hong Kong (0.238), Japan (1), Korea (0.252), Australia (0.441), Bulgaria (0.315), The Czech Republish (703), Sweden (0.194), Germany (0.196), and Austria (0.339).



We then employed the BCC model to estimate the VRSTE, which were as follows: Hungary (0.400), Qatar (0.625), China (0.375), Hong Kong (0.3), Japan (1), Korea (0.3), Australia (0.5), Bulgaria (0.5), The Czech Republic (1), Sweden (0.3), Germany (0.375), and Austria (0.625).



Based on these findings, we calculated the SE by dividing CRSTE by VRSTE. According to the calculation, we found out that the Japan Open was the only game to reach an SE of 1.



In conclusion, the Japan Open was the only game to reach a total technical efficiency of 1 in the CCR model. The BCC model showed that both the Japan Open and Czech Open achieved a pure technical efficiency of 1. SE was obtained by dividing total efficiency by technical efficiency. The Japan Open was the only game to reach an SE of 1.




3.2.2. Returns to Scale Analysis


According to the returns to scale analysis, the Japan Open achieved an SE of 1 and reached the optimal efficiency frontier. The other eleven games showed a decreasing return to scale.




3.2.3. Slack Variable Analysis


The outputs of the 2019 ITTF World Tour games were the prize money won and the points allocated. For efficiency, the outputs should be our main objective since the input, which is the actual number of contestants participating in games, cannot be predicted.



Table 7 presents the slack variable analysis of the games for which the efficiency did not reach 1. The Czech Open had an efficiency of 0.703, ranking second in efficiency. The original allocated points and prize money remained the same in the suggested values. For the Australian Open, the number of points increased from 900 to 1800, for a difference of 900. The championship prize money increased from 3000 USD to 15,816 USD, for a difference of 12,816 USD. For the Qatar Open, the number of points increased from 1125 to 1800, for a difference of 675. The championship prize money increased from 4000 USD to 18,379 USD, for a difference of 14,379 USD. For the Austrian Open, the number of points increased from 1125 to 1800, for a difference of 675. The championship prize money increased from 3500 USD to 18,500 USD, for a difference of 15,000 USD.





3.3. Game Participation Strategy for the 2021 ITTF World Tour


According to the first stage of the current study presented in Table 4, we conducted a game expenditure efficiency analysis using the CCR, CRSTE, and BCC models. Table 8 presents the results. The results revealed that the top four games were the China Open (1), Japan Open (1), Czech Open (1), and Bulgarian Open (0.995).



In the second stage, we conducted a prize-winning efficiency analysis to identify the optimal efficiency of each DMU. The results indicated that the top four games, from the highest to the lowest, were the Japan Open (1), Czech Open (0.703), Australian Open (0.441), and Qatar Open (0.401).



We then applied a BCG matrix to the results of DEA in the 2019 ITTF World Tour game participation (see Figure 3). Based on the BCG matrix, the games fell into four categories:



Stars stands for high tour expenditure efficiency, high prize-winning efficiency, and high profits games. We should continue to participate in such games. The Stars games were the Japan Open, Czech Open, and the Australian Open.



Cash cows stands for high tour expenditure efficiency with extremely poor market prize-winning efficiency. It is necessary to think carefully before participating and to trace the root cause of the problem. The Cash cow games were the China Open, Bulgarian Open, German Open, and the Austrian Open.



Question mark represents low tour expenditure efficiency with high prize-winning efficiency performance. This occurs in a relatively good external environment situation, thus resulting in high performance. The Question mark game was Qatar Open.



Dog represents low expenditure efficiency and low prize-winning efficiency. Such games are in a state of uncertainty, and we must review the potential problems affecting performance. The Dog games were the Hungarian Open, Hong Kong Open, Korea Open, and the Swedish Open.





4. Discussion


4.1. Discussion of the 2019 ITTF World Tour Expenditure Analysis


4.1.1. Game Expenditure Efficiency


Based on our analysis, the China Open and the Japan Open were the platinum games with the highest efficiency. The China Open had the highest championship prize money out of all twelve games: 44,000 USD. The Japan Open had the fourth highest championship prize money: 30,000 USD. The two games shared similarities, such as short fight distances and locations within Asia. The Japan Open had higher travel expenses, but the game duration was only 5 days, resulting in local travel expenses of 1030 USD (third lowest). The other eleven games all had durations of 6 days. The China Open had local travel expenses of 1080 USD (fourth lowest); therefore, the expenditure analysis of the platinum games showed that the China Open and Japan Open had the highest efficiency.



The Czech Open was the only game out of the ITTF World Tour regular games to reach efficiency. For the Czech Open, the flight distance was 9029 km (third longest distance), and the championship prize money was 21,000 USD. However, local travel expenses were 756 USD, the lowest out of all twelve World Tour games, which facilitated the Czech Open in being the only game out of the ITTF World Tour regular games to reach efficiency.



The Bulgarian Open had the same number of points and amount of championship prize money won as the Czech Open, i.e., 1800 points and 21,000 USD, respectively. However, the Czech Open had a shorter flight distance of 8790 km. The Bulgarian Open fell slightly short of the optimal efficiency frontier, with an efficiency of 0.995; thus, participation was recommended. Regarding expenditure, the top four games with the highest efficiency, from lowest to highest, were the Czech Open, Bulgarian Open, Japan Open, and China Open. The Japan Open had a shorter game duration of 5 days and lower local travel expenses. We found that lower local travel expenses significantly increased the expenditure efficiency of games. Mokhtarian and Chen [44] noted that money spent on travel reduced travel expenses due to reduced working days, which was consistent with our findings in this article. Therefore, players can choose to compete in countries with games that last fewer days to improve overall efficiency.



In conclusion, the World Tour games with the highest expenditure efficiencies were the China Open (platinum), Japan Open (platinum), and Czech Open (regular).




4.1.2. Slack Variable Analysis


The slack variable analysis mainly targeted inefficient DMUs to identify which variables could be improved. In terms of local travel expenses and flight distances, the China Open, Japan Open, and Czech Open had the highest efficiencies. The Bulgarian Open also had a high efficiency because the suggested values for both local travel expenses and the flight distance were the same as the actual values. The German Open (0.907) and Austrian Open (0.883) ranked fifth and sixth in efficiency.



We found interesting results when comparing the German Open with the Austrian Open. The flight distance from TPE to Germany (9081 km) and Austria (9129) was similar; however, the efficiency value of the German Open was 0.907, which was better than that of the Austrian Open (0.883). The key difference between the two efficacy values was local travel expenses. The local travel expenses for the Austrian Open exceeded those of the German Open by 30 USD. Therefore, the efficiency of the Austrian Open was slightly lower than that of the German Open. Based on the slack variable analysis, we determined that athletes from TPE should consider local price levels more than flight distance when deciding which ITTF games to attend, as doing so enhances efficiency and reduces expenditure. Park et al. [45] noted that, in Asian countries, tourists who visit South Korea and Hong Kong for the same number of days usually spend more money due to the high local travel expenses in South Korea and Hong Kong. This finding is consistent with our research results. Due to high local travel expenses, the overall efficiency values for the Korea and Hong Kong Opens rank 9th and 10th among the twelve opens, despite their locations near Taipei. This finding verifies that the local travel expenses are an important factor in efficiency. In conclusion, local travel expenses impacted efficiency more than did flight distances.





4.2. Discussion of the 2019 ITTF World Tour Prize-Winning Analysis


4.2.1. Prize-Winning Efficiency


According to our findings, the Japan Open had the highest prize-winning efficiency among the platinum games. The number of contestants was 104, which was the fewest participants of the twelve ITTF World Tour games. Fewer contestants may be beneficial for our young players’ performances. In addition, the similarity in food and weather between Japan and Taipei may also have contributed to TPE players outstanding performances. In a prior study, Voltaire et al. [46] reported that maintaining normal daily eating habits can help athletes perform in their best condition in competitions in different climates and countries. Therefore, choosing to participate in ITTF games in countries with similar geographical environments, food, and cultures might help players maintain better athletic status. This will profoundly improve the efficiency of winning.



The Czech Open prize-winning efficiency ranked second of all the games. According to the 2021 ITTF website [20], in 2018 and 2019, the world’s top three ranking players did not participate in the Czech Open, thus likely increasing the TPE players’ odds of winning. The Australian Open, with 118 participants, had the third highest efficiency. Even though the points and prize money obtained were not as high as those obtained at the Qatar Open (162 participants; ranked 4th; 1125 points and 4000 USD) or the Austrian Open (192 participants; ranked 5th; 1125 points and 3500 USD), there were fewer contestants in the Australian Open, giving it better efficiency.



In conclusion, the Japan Open and Australian Open had the fewest participants, leading to higher game winning efficiencies. Notably, the Czech Open had the same points and prize money as the Japan Open. However, the Czech Open had 207 participants, which was almost double that of the Japan Open (104 players). We can easily observe that the fewer participants produced higher efficiencies. Additionally, players can target the games in which the top three world ranking players did not participate to achieve higher efficiency.




4.2.2. Slack Variable Analysis


The slack variable analysis targeted the points and prize money won in the twelve ITTF World Tour games. Ten games did not reach optimal efficiency; the Japan Open and Czech Open, which possessed high efficiency, were the exceptions. Therefore, the slack variable analysis focused on the games that ranked third to sixth: the Australian Open (0.441), Qatar Open (0.401), Austrian Open (0.339), and Bulgarian Open (0.315).



In the Australian Open, a TPE player finished sixteenth in the finals, winning 900 points. The suggested points were 1800 points, with a difference of 900 points. The prize money won was 3000 USD, and the suggested amount was 15,816 USD, with a difference of 12,816 USD. To achieve the highest efficiency, participants should win at least second place.



In the Qatar Open (platinum), a TPE player reached the quarter finals, acquiring 1125 points. The suggested points were 1800 points, for a difference of 675 points. The prize money won was 4000 USD, and the suggested amount was 18,379 USD, for a difference of 14,379 USD. To reach efficiency, the championship must be won because the suggested prize money (18,379 USD) was more than the prize money awarded for second place (17,000 USD).



In conclusion, although the suggested points for the two games noted above were 1800, which is equivalent to second place, only the Australian Open can achieve efficiency if a player wins second place. In the other three games, the championship must be won to achieve efficiency. For this reason, pregame analysis and goal planning should be greatly emphasized. A past study [47] also revealed that athletes who have clear sport goals and the determination to refine their skills have a better chance of achieving sport goals during practice and competitions. Accordingly, we suggest that the numbers of participants participating in each game should be gathered annually to provide clear information to teenaged athletes.





4.3. Discussion of the 2021 ITTF World Tour Game Participation Strategy


As the 2020 competition year was affected by the coronavirus disease (COVID-19), our study adopted the 2019 ITTF data to develop a participation strategy for the 2021 ITTF World Tour games. In the BCG matrix analysis, all games were distributed into four quadrants. A future competition strategy can be formulated based on where the games are located in the matrix. The Stars quadrant is the most efficient and cost-effective for competition. For efficiency-rewarding games, players must be prepared to participate in the competition in top condition. Players should carefully consider participation in games in the Cash cows quadrant when resources are limited. According to our findings, the optimal game participation strategy includes the following sequence: 1. Japan Open, 2. Czech Open, 3. Australian Open, 4. Bulgarian Open, 5. Austrian Open, 6. China Open, 7. German open, 8. Qatar open, 9. Korea Open. 10. Hong Kong Open, 11. Hungarian Open, and 12. Swedish Open.



As reflected in the above ranking, the Swedish Open had the lowest efficiency. Participants in the Swedish Open may spend more on travel due to high local travel expenses. In addition, according to the 2021 ITTF website [20], the Swedish Open will be held just 2 days after the German Open finishes. Players who compete in both the German and Swedish Opens are unlikely to maintain top conditions. A past study illustrated the importance of the game schedule. Knust [48] used local searches and genetic algorithms to analyze the game schedules of amateur table tennis leagues. The author discovered that a poorly organized game schedule could cause significant increases in expenditures of resources and time. Additionally, short intervals between games increases bodily fatigue and affects the performance of athletes. Duran, Duran, Marenco, Mascialino, and Rey [49] used an operations research perspective to analyze the annual game schedule of the Argentina Basketball League. Their research increased equality in team schedules and reduced the average flight time for each team by at least 30%. Table tennis athletes should also consider game dates to maintain the best conditions, to achieve higher points, and to win more prize money.



One TPE player made a wise choice by choosing to play in the Czech Open (second highest ranking) instead of the Bulgarian Open (fourth highest ranking), which were held around the same time. The TPE player not only performed well in the Czech Open but also spent less than would have been required for the Bulgarian Open. The TPE player’s game participation strategy was consistent with our analysis, constituting one of the major discoveries of our research.



The Japan Open (platinum) had the highest ranking, and the TPE player won second place. We strongly recommend the Japan Open because of the short flight, short game duration (5 days), and lower number of contestants. The Czech Open (regular) had the second highest ranking, and the athlete from TPE won the championship. The Australian Open (platinum) had the third highest ranking, and the TPE player finished eighth in the finals. The lower number of participants, and higher points and prize money of the Australian Open (platinum) resulted in its recommendation.



Teenage athletes often face the dilemma of whether to become professional athletes. They are also limited by insufficient funding. The findings of the present research provide teenaged athletes with clear efficiency information on all ITTF World Tour games. For games with similar locations, points, and prize money, game with shorter durations had higher efficiencies; if game durations were the same, choosing to compete in countries with lower local travel expenses produced higher efficiency. For all game events, three main factors should be observed beforehand to increase efficiency. First, players should gauge whether the geographical environment and food culture are similar to that of their country. Second, players should observe the number of participants in previous years. Third, players should focus on whether the top three world ranking players have recently participated in the game.





5. Conclusions and Recommendations


Our research applied the DEA and BCG bootstrapping methodologies to the 2019 ITTF World Tour to develop an efficient future game participation strategy to increase the annual allocated points and prize money of athletes. The conclusions and recommendations are as follows.



5.1. Conclusions


We observed that, regardless of the distance to the game location, calculating travel expenses and local price levels benefits efficiency and should thus be the first consideration. This research is practically beneficial for teenage athletes when choosing which games to participate in based on limited resources.



As the 2020 competition year was affected by COVID-19, this analysis was based on the 2019 ITTF World Tour games and was intended to help TPE players develop a 2021 game participation strategy. Our efficiency-based suggested participation sequence is as follows: the Japan Open, Czech Open, Australian Open, Bulgarian Open, Austrian Open, China Open, and German Open.




5.2. Recommendations


Some limitations affect the interpretation of our findings. First, we only employed data from the 2019 ITTF World Tour to develop game expenditure efficacy and a prize-winning efficacy analysis. Future studies should collect longitudinal annual records to provide clear information for teenaged athletes. Second, our study only collected data from TPE table-tennis players. We recommend that DEA and BCG models are applied to other sports to benefit teenaged athletes in all countries when choosing games to participate in. This research is practically beneficial for teenage athletes choosing which games to participate in based on limited resources.
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Figure 1. BCG matrix reference modified form [27]. 
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Figure 2. Conceptual framework. 
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Figure 3. Game BCG matrix for the 2021 ITTF World Tour. 
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Table 1. A summary of the 2019 ITTF World Tour event.
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Event

	
Points (According to the Ranking)

	




	
1

	
2

	
3

	
8

	
16

	
32

	






	
Platinum (P)

	
2250

	
1800

	
1465

	
1125

	
900

	
675

	




	
Regular (R)

	
1800

	
1440

	
1170

	
900

	
720

	
540

	




	
Date

	
Location

	
Event

	
Prize Money (According to the Ranking) in USD




	
1

	
2

	
3

	
8

	
16

	
32

	
Total




	
01/15–01/20

	
Hungary: Budapest

	
R

	
18,500

	
9200

	
4500

	
2200

	
1100

	
700

	
65,500




	
03/26–03/31

	
Qatar: Doha

	
P

	
33,000

	
17,000

	
8000

	
4000

	
2500

	
1500

	
126,000




	
05/28–06/02

	
China: Shen Zhen

	
P

	
44,000

	
22,000

	
10,600

	
5900

	
3300

	
2050

	
170,000




	
06/04–06/09

	
Hong Kong: Hong Kong

	
R

	
18,600

	
9200

	
4500

	
2200

	
1200

	
800

	
68,000




	
06/12–06/16

	
Japan: Kitakyushu

	
P

	
30,000

	
15,000

	
7500

	
3750

	
2100

	
1200

	
111,000




	
07/02–07/07

	
Korea: Busan

	
R

	
16,000

	
8000

	
4000

	
2000

	
1000

	
750

	
60,000




	
07/09–07/14

	
Australia: Geelong

	
P

	
35,000

	
17,500

	
8350

	
5000

	
3000

	
1800

	
142,000




	
08/13–08/18

	
Bulgaria: Panagyurishte

	
R

	
21,000

	
10,600

	
5500

	
2800

	
1400

	
750

	
77,000




	
08/20–08/25

	
The Czech Republic: Olomouc

	
R

	
21,000

	
10,600

	
5500

	
2800

	
1400

	
750

	
77,000




	
10/01–10/06

	
Sweden: Stockholm

	
R

	
18,500

	
9200

	
4500

	
2200

	
1100

	
700

	
65,500




	
10/08–10/13

	
Germany: Bremen

	
P

	
30,000

	
15,000

	
7500

	
3750

	
2100

	
1200

	
111,000




	
11/12–11/17

	
Austria: Linz

	
P

	
30,000

	
15,000

	
7500

	
3500

	
2000

	
1000

	
106,000
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Table 2. Operational definitions.
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Items.

	
Definition

	
Study






	
Local travel expense

	
These expenses are determined based on the 2020 table for the foreign per diem allowance amount according to the central governmental agency (USD/day)

	
Herrero-Prieto [36]




	
Days

	
Match day

	
Hofmarcher et al. [37]




	
Flight distance

	
This distance is calculated from Taipei to the city hosting the event (km)

	
Glass et al. [38]




	
Actual points

	
The actual points allocated in each event

	
Sitarz [39]




	
Best points

	
The champion points of each game




	
Prize money

	
The actual prize money of each event

	
Parshakov & Zavertiaeva [40]. Glass et al. [38]




	
Highest prize money

	
The champion prize money of each event




	
Participants

	
Participants of each game in 2019

	
Júnior et al. [41]




	
Best ranking

	
Best ranking of each game in 2019

	
Silveira Gontijo [42]
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Table 3. Summary of 2019 ITTF World Tour game information.
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	Event Location
	Entrance Fee (USD)
	Daily Travel Expense

(USD)
	Days
	Local Travel

Expense
	Flight Distance

(Km)
	Best

Points
	Highest Prize Money
	Participants
	Best Ranking of TPE





	Hungary
	187
	234
	6
	1404
	8856
	1800
	18,500
	208
	16



	Qatar
	207
	290
	6
	1740
	6930
	2250
	33,000
	162
	8



	China
	207
	180
	6
	1080
	499
	2250
	44,000
	153
	32



	Hong Kong
	187
	308
	6
	1848
	807
	1800
	18,600
	131
	32



	Japan
	207
	206
	5
	1030
	1359
	2250
	30,000
	104
	2



	Korea
	187
	220
	6
	1320
	1342
	1800
	16,000
	124
	32



	Australia
	207
	212
	6
	1272
	7419
	2250
	35,000
	118
	16



	Bulgaria
	187
	127
	6
	762
	8790
	1800
	21,000
	165
	8



	The Czech Republic
	187
	126
	6
	756
	9029
	1800
	21,000
	207
	1



	Sweden
	187
	253
	6
	1518
	8344
	1800
	18,500
	161
	32



	Germany
	207
	180
	6
	1080
	9081
	2250
	30,000
	199
	32



	Austria
	207
	185
	6
	1110
	9129
	2250
	30,000
	192
	8
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Table 4. Expenditure efficiency for the 2019 ITTF World Tour.
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Event Location

	
Input

	
Output

	
Efficiency

	
Returns to Scale

	
Efficiency Ranking




	
Local Travel Expense

	
Flight Distance

	
Best

Points

	
Prize Money

	
CRSTE

	
VRSTE

	
SE






	
Hungary

	
R

	
1404

	
8856

	
1800

	
18,500

	
0.563

	
0.626

	
0.899

	
Irs

	
10




	
Qatar

	
P

	
1740

	
6930

	
2250

	
33,000

	
0.586

	
0.598

	
0.980

	
Drs

	
9




	
China

	
P

	
1080

	
499

	
2250

	
44,000

	
1.000

	
1.000

	
1.000

	
-

	
1




	
Hong Kong

	
R

	
1848

	
807

	
1800

	
18,600

	
0.495

	
0.618

	
0.800

	
Irs

	
12




	
Japan

	
P

	
1030

	
1359

	
2250

	
30,000

	
1.000

	
1.000

	
1.000

	
-

	
1




	
Korea

	
R

	
1320

	
1342

	
1800

	
16,000

	
0.635

	
0.793

	
0.800

	
Irs

	
8




	
Australia

	
P

	
1272

	
7419

	
2250

	
35,000

	
0.796

	
0.824

	
0.966

	
Drs

	
7




	
Bulgaria

	
R

	
762

	
8790

	
1800

	
21,000

	
0.995

	
1.000

	
0.995

	
Irs

	
4




	
The Czech Republic

	
R

	
756

	
9029

	
1800

	
21,000

	
1.000

	
1.000

	
1.000

	
-

	
1




	
Sweden

	
R

	
1518

	
8344

	
1800

	
18,500

	
0.524

	
0.593

	
0.884

	
Irs

	
11




	
Germany

	
P

	
1080

	
9081

	
2250

	
30,000

	
0.907

	
0.954

	
0.951

	
Drs

	
5




	
Austria

	
P

	
1110

	
9129

	
2250

	
30,000

	
0.883

	
0.928

	
0.952

	
Drs

	
6




	
mean

	

	
1243

	
5965

	
2025

	
26,300

	
0.782

	
0.828

	
0.936

	

	








CRSTE: constant returns to scale technical efficiency. VRSTE: variable returns to scale technical efficiency. SE: scale efficiency.
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Table 5. Suggested input efficiency targets for the 2019 ITTF World Tour.
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Event Location

	
Local Travel Expense (USD)

	
Flight Distance (Km)




	
Original

	
Suggested

	
Difference

	
Original

	
Suggested

	
Difference






	
Hungary

	
1404

	
879

	
525

	
8856

	
5545

	
3311




	
Qatar

	
1740

	
1040

	
700

	
6930

	
1175

	
5755




	
Hong Kong

	
1848

	
1808

	
40

	
807

	
499

	
308




	
Korea

	
1320

	
1047

	
273

	
1342

	
1064

	
278




	
Australia

	
1272

	
1048

	
224

	
7419

	
1051

	
6368




	
Bulgaria

	
762

	
762

	
0

	
8790

	
8790

	
0




	
Sweden

	
1518

	
900

	
618

	
8344

	
4950

	
3394




	
Germany

	
1080

	
1030

	
50

	
9081

	
1359

	
7722




	
Austria

	
1110

	
1030

	
80

	
9129

	
1359

	
7770
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Table 6. Prize-winning efficiency for the 2019 ITTF World Tour.
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Event Location

	
Input

	
Output

	
Efficiency

	
Returns to Scale

	
Efficiency Ranking




	
Participants

	
Actual

Points

	
Prize

Money

(USD)

	
CRSTE

	
VRSTE

	
SE






	
Hungary

	
208

	
720

	
1100

	
0.200

	
0.400

	
0.500

	
drs

	
10




	
Qatar

	
162

	
1125

	
4000

	
0.401

	
0.625

	
0.642

	
drs

	
4




	
China

	
153

	
675

	
2050

	
0.255

	
0.375

	
0.680

	
drs

	
7




	
Hong Kong

	
131

	
540

	
800

	
0.238

	
0.300

	
0.794

	
drs

	
9




	
Japan

	
104

	
1800

	
15,000

	
1.000

	
1.000

	
1.000

	
-

	
1




	
Korea

	
124

	
540

	
750

	
0.252

	
0.300

	
0.839

	
drs

	
8




	
Australia

	
118

	
900

	
3000

	
0.441

	
0.500

	
0.881

	
drs

	
3




	
Bulgaria

	
165

	
900

	
2800

	
0.315

	
0.500

	
0.630

	
drs

	
6




	
The Czech Republic

	
207

	
1800

	
21,000

	
0.703

	
1.000

	
0.703

	
drs

	
2




	
Sweden

	
161

	
540

	
700

	
0.194

	
0.300

	
0.646

	
drs

	
12




	
Germany

	
199

	
675

	
1200

	
0.196

	
0.375

	
0.523

	
drs

	
11




	
Austria

	
192

	
1125

	
3500

	
0.339

	
0.625

	
0.542

	
drs

	
5




	
mean

	
160

	
945

	
4658

	
0.378

	
0.525

	
0.698

	

	








CRSTE: constant returns to scale technical efficiency. VRSTE: variable returns to scale technical efficiency. SE: scale efficiency.
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Table 7. Suggested output efficiency targets for the 2019 ITTF World Tour.
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Event Location

	
Points

	
Prize Money




	
Champion

	
Original

	
Suggested

	
Difference

	
Champion

	
Original

	
Suggested

	
Difference






	
Hungary

	
1800

	
720

	
1800

	
1080

	
18,500

	
1100

	
* 18,500

	
17,400




	
Qatar

	
2250

	
1125

	
1800

	
675

	
33,000

	
4000

	
18,379

	
14,379




	
China

	
2250

	
675

	
1800

	
1125

	
44,000

	
2050

	
17,854

	
15,804




	
Hong Kong

	
1800

	
540

	
1800

	
1260

	
18,600

	
800

	
16,573

	
15,773




	
Korea

	
1800

	
540

	
1800

	
1260

	
16,000

	
750

	
* 16,000

	
15,250




	
Australia

	
2250

	
900

	
1800

	
900

	
35,000

	
3000

	
15,816

	
12,816




	
Bulgaria

	
1800

	
900

	
1800

	
900

	
21,000

	
2800

	
18,553

	
15,753




	
Czech

	
1800

	
1800

	
1800

	
0

	
21,000

	
21,000

	
21,000

	
0




	
Sweden

	
1800

	
540

	
1800

	
1260

	
18,500

	
700

	
18,320

	
17,620




	
Germany

	
2250

	
675

	
1800

	
1125

	
30,000

	
1200

	
20,534

	
19,334




	
Austria

	
2250

	
1125

	
1800

	
675

	
30,000

	
3500

	
18,500

	
15,000








* Remarks: The suggested prize money for the Hungarian Open and the Korea Open were both higher than the champion prize money. Therefore, the revised suggested prize money for the Hungarian Open was 18,500 USD and the revised suggested prize money for the Korea Open was 16,000 USD.
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Table 8. Game participation strategy for the 2021 ITTF World Tour.
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	Event Location
	First Stage Efficiency

(Ranking)
	Second Stage Efficiency

(Ranking)
	BCG

Matrix





	Hungary
	0.563 (10)
	0.200 (10)
	Dog



	Qatar
	0.586 (9)
	0.401 (4)
	Question mark



	China
	1.000 (1)
	0.255 (7)
	Cash cows



	Hong Kong
	0.495 (12)
	0.238 (9)
	Dog



	Japan
	1.000 (1)
	1.000 (1)
	Stars



	Korea
	0.635 (8)
	0.252 (8)
	Dog



	Australia
	0.796 (7)
	0.441 (3)
	Stars



	Bulgaria
	0.995 (4)
	0.315 (6)
	Cash cows



	The Czech Republic
	1.000 (1)
	0.703 (2)
	Stars



	Sweden
	0.524 (11)
	0.194 (12)
	Dog



	Germany
	0.907 (5)
	0.196 (11)
	Cash cows



	Austria
	0.883 (6)
	0.339 (5)
	Cash cows



	mean
	0.782
	0.378
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