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Abstract: This study’s purpose was to establish a predictive model of the intention to accept Taek-
wondo electronic protector devices through the application of the technology acceptance model. Two
hundred and twenty collegiate Taekwondo practitioners affiliated with the Korea Taekwondo Associ-
ation participated in a survey that included 28 questions (4 relating to demographic characteristics,
12 to precursor variables, and 12 to the technology acceptance model). Correlation and structural
equation modeling analyses were applied and a significance level of 0.05 was used. The results were
as follows. Perceived quality had a significant influence on perceived ease of use (B = 0.380, t = 3.481,
p < 0.001) and perceived usefulness (8 = 0.544, t = 5.098, p < 0.001). Visual attractiveness had no
significant influence on either perceived ease of use (§ = 0.159, t = 1.798, p = 0.072) or perceived
usefulness (8 = —0.010, t = —0.131, p = 0.896). Wearability had a significant influence on perceived
ease of use (8 =0.234, t =2.867, p < 0.01), but a significantly negative influence on perceived usefulness
(B =—0.218,t = —2.932, p < 0.01). Functionality had no significant influence on either perceived ease
of use (B =0.116, t = 1.031, p = 0.302) or perceived usefulness (B = 0.107, t = 1.093, p = 0.274). Perceived
ease of use had a significant influence on perceived usefulness (B = 0.418, t = 4.361, p < 0.001) and
acceptance intention (8 = 0.361, t = 4.031, p < 0.001). Perceived usefulness had a significant influence
on acceptance intention ( = 0.525, t = 5.758, p < 0.001). These results suggest that improving the
perceived quality and wearability of the devices will enhance their acceptance. We believe that this
study provides an appropriate verification model for the intention to accept Taekwondo electronic
protection devices.
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1. Introduction

Taekwondo is a traditional Korean martial art and has been an official Olympic combat
sport since the 2000 Sydney Olympic Games [1]. More than 200 countries are affiliated
with the World Taekwondo Federation (WT) and a growing number of individuals are
participating in Taekwondo competitions globally [2]. However, a critical issue related to
the scoring system used during competitions arose, interrupting the further development
of Taekwondo competitions [3]. To ensure the fairness and smooth operation of Taekwondo
competitions, an electronic body protector and scoring system were introduced in the 2012
London Olympic Games and have been used in all subsequent Olympic Games [4,5]. These
systems not only protect Taekwondo players against injury but also result in more reliable
and accurate scoring [6]. In other words, Taekwondo electronic protection devices (TEPDs)
(such as headgear, body protectors and hand—foot protectors) have a technical feature that
automatically recognizes the effective attack power by means of a sensor equipped with an
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advanced electronic chip attached to the protector, which automatically transmits it to the
score monitor through a wireless transmission device. Thus, the WT endorses TEPDs as
official equipment at the World Taekwondo Championships, Olympic Games, and other
Taekwondo megaevents.

The use of wearable protective devices for the head, body, hands, and feet that
measure striking power through sensors and electronic chips has changed the paradigm of
Taekwondo from a game to an objective, qualitative, and scientific sport [7]. Despite these
scientific advancements, no study has been published that provides details about the safety
performance of the current equipment, except for head and body protectors [8-11]. During
the match, sometimes the score is overestimated or underestimated because sensors and
devices do not operate accurately while recognizing the TEPDs” score [12]. Additionally,
Moon and Jung [13] have observed that the electronic scoring system was undesirably
activated, suggesting the need for future improvements.

Thus, at this point, it is relevant to study the precursor variables that affect the intention
to accept TEPDs by applying the technology acceptance model (TAM). In fact, research has
been conducted on the acceptance of other devices for other purposes using surveys [14-16].
Therefore, this study examines the factors that influence TEPD acceptance and then suggests
a predictive model for the intention to accept TEPDs. We believe that this study provides
important academic data about TEPDs for developing Taekwondo competitions.

2. Literature Review

Davis [17] developed the theory of TAM to predict and explain the behavior of infor-
mation technology (IT) users. In other words, TAM is a significant information systems
theory that is relevant to the acceptance and use of IT [18-20]. TAM is based on the theory
of reasoned action (TRA) [21] and the theory of planned behavior (TPB) [22]. These theories
are representative behavioral intention models that predict behavior through attitude. TAM
is an adaptation of the TRA by Fishbein and Ajzen [21]. It was designed for modeling
user acceptance of IT [23]. Furthermore, TPB expands TRA by adding subjective norms
and perceived behavior control variables; however, these were excluded from TAM [24].
Assessing changing attitudes and behavioral intentions is common among TAM, TRA, and
TPB. Nevertheless, TAM differs from the other two theories as it examines perceived use-
fulness and perceived ease as factors that explain the difference in the degree of acceptance
of technology and innovation. It is believed that these factors influence attitudes.

TAM can predict users’ behavioral intention and actual behavior by examining the
relationship between perceived ease of use (PEU), perceived usefulness (PU), attitude to-
ward using, and behavioral intention to use (BI) [17]. This model hypothesizes that system
use is directly determined by BI, which in turn is influenced by users’ AT, the system,
and the system’s PU [25]. It is important to emphasize that while TPB is a general theory,
designed to explain almost any human behavior [26], TAM exclusively focuses on the use
of technological innovations and is appropriate for analyzing this type of behavior [17,27].
This theory states that PEU and PU significantly influence the acceptance to use a tech-
nology [28]. Davis et al. [23] have stated that various external variables, other than the
abovementioned, can also influence the acceptance of a technology. Consequently, this
study extends the TAM by including perceived quality, visual attractiveness, wearability,
and functionality as factors that influence the use of a technology.

In an attempt to expand TAM, a recent study applied structural equation modeling
(SEM) to improve the understanding of the use of wearable technology [29]. Therefore, the
hypotheses and research model (Figure 1) established in this study are as follows.

Hypothesis 1. The perceived quality of Taekwondo electronic protector devices significantly
influences perceived ease of use and perceived usefulness.

Hypothesis 2. The visual attractiveness of Tackwondo electronic protector devices significantly
influences perceived ease of use and perceived usefulness.
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Hypothesis 3. The wearability of Taekwondo electronic protector devices significantly influences
perceived ease of use and perceived usefulness.

Hypothesis 4. The functionality of Taekwondo electronic protector devices significantly influences
perceived ease of use and perceived usefulness.

Hypothesis 5. The perceived ease of use of Taekwondo electronic protector devices significantly
influences perceived usefulness and acceptance intention.

Hypothesis 6. The perceived usefulness of Taekwondo electronic protector devices significantly
influences acceptance intention.

Perceived quality

Perceived
Visual ease of use H5-2
attractiveness
H5-1 Acceptance
intention
Wearability Perceived H6
usefulness

Functionality

Figure 1. Research model.

3. Materials and Methods
3.1. Data Collection

In January 2019, we conducted a survey of college Taekwondo athletes who were
registered with the Korea Taekwondo Association (KTA). The KTA is an official member
of the Korean Olympic Committee and is the representative organization that manages
the Korean Taekwondo system. We ruled out four responses because of lack of sincerity,
analyzed the remaining 220 responses, and compiled the general characteristics of the
study participants, as shown in Table 1.

Table 1. Demographics of the participants (N = 220).

Variables Category Numbers Ratio (%)
Male 160 72.7
Gender
Female 60 27.3
Freshmen 73 33.2
Sophomore 71 32.3
Grade
Junior 56 255
Senior 20 9.1
Less than 1 year 11 5.0
. . 1-3 years 14 6.4
Period of wearing

3-5 years 40 18.2
Greater than 5 years 155 70.5

Daedo
(Daedo International, Barcelona, Spain) 37 16.8

(http:/ /daedo.com)
Preferred brand

KPNP

(KPNP Co., Ltd., Seoul, Korea) 183 83.2

(http:/ /kpnp.net)
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3.2. Survey Instrument

A survey questionnaire, comprising 28 questions (out of which four were related to
demographic factors: gender, school grade, period of using TEPD, and preference for a
TEPD brand) was used to collect data. Kim and Choi’s [30] questionnaire was modified
to obtain the items for perceived quality, and Lee’s [31] questionnaire was modified to
obtain the items for visual attractiveness, wearability, and functionality. The modified
questionnaire used in Park [32], which was based on Davis’s [17] TAM, was applied to
obtain the items for PU, PEU, and BI. With the exception of the demographic questions, the
answers to the questions related to the TAM were based on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree).

3.3. Statistical Analysis

This study utilized IBM PASW 23.0 and AMOS 23.0 (IBM Corp., Armonk, NY, USA) for
data analysis. Frequency analysis was conducted to check the demographic characteristics
of the research participants, while confirmatory factor and reliability analyses were used
to check the validity and reliability of the research tools. Technical statistics analysis was
employed to verify the normality of the data. Correlation analysis and structural equation
modeling were performed to investigate the relationship between the predetermined
variables. The statistical significance was set at 0.05.

4. Results
4.1. Validity and Reliability of Research Tools
This study conducted confirmatory factor analysis to verify the convergent and dis-

criminant validity of the survey. The validity of the measurement model is shown in
Table 2.

Table 2. Validity and reliability of research tools.

Measurement Items Estimate SE CR CR AVE [
TEPDs are reliable. 0.776 0.067 12.529
Perceived quality TEPD manufacturing skill levels are high. 0.672 0.057 15.431 0.842 0.641 0.848
The quality of TEPDs is excellent. 0.748 - -
The exterior design of TEPDs is excellent. 0.728 0.079 11.511
Visual attractiveness The overall look of TEPDs is visually attractive. 0.906 0.081 14.248 0.887 0.729 0.854
TEPDs give a visually sophisticated feel. 0.813 - -
TEPDs can be worn for long periods of time. 0.802 0.090 12.178
Wearability TEPDs are not restricted in their movement. 0.905 0.091 13.307 0.850 0.655 0.863
There is no inconvenience in wearing TEPDs. 0.770 - -
TEPDs have various functions. 0.776 0.103 10.138
Functionality TEPD:s are easily mixed with other devices. 0.672 0.115 8.995 0.837 0.632 0.775
TEPDs provide a variety of information. 0.748 - -
The function of the TEPD is convenient. 0.786 0.106 10.967
Adaptation of the TEPD is easy. 0.740 0.112 10.350
Perceived ease of use 0.868 0.622 0.842
TEPDs are easy to use. 0.754 0.107 10.535
TEPD functioning is easy to understand. 0.733 - -
TEPDs are useful for practice. 0.768 0.074 13.098
TEPDs are useful for games. 0.831 0.072 14.718
Perceived usefulness TEPDs are useful for improving performance. 0.825 0.074 14.552 0908 0713 0858

TEPDs are generally useful. 0.841 - -
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Table 2. Cont.

Measurement Items Estimate SE CR CR AVE [
I am willing to use the TEPD again. 0.827 0.092 12.800
) ) I am willing to continue to use TEPDs 0.835 0.093 12.946
Acceptance intention I will recommend TEPDs to other people. 0.776 0.093 11.892 0.895 0.681 0.879
I will talk positively about TEPDs to others. 0.772 - -

X? =432.365, DF = 231, Q = 1.872, CFI = 0.939, IFI = 0.940, TLI = 0.927, RMSEA = 0.063

Note: TEPD = Taekwondo electronic protection device, SE = standard error; C.R = critical ratio, AVE = average variance extracted;
CR = construct reliability; x2 = chi square, DF = degrees of freedom, Q = x2/DF, CFI = comparative fit index, IFI = incremental fit index,
TLI = Tucker-Lewis index, RESEA = root mean square error of approximation.

Table 2 shows that the results—comparative fit index (CFI) > 0.90, incremental fit index
(IFI) > 0.90, Tucker—Lewis index (TLI) > 0.90, root mean square error of approximation
(RMSEA) < 0.10—meet the validity standard suggested by Kline [33], which indicates that
they can be generally accepted. To analyze the convergent validity of each variable used
during the study, construct reliability (CR) and the average variance extracted (AVE) were
calculated. The results ensured convergent probability based on the criteria presented
by Hair et al. [34], as the CR for all observed variables was between 0.837 and 0.908,
while the AVE was between 0.622 and 0.729. In addition, if the squared value of the
correlation coefficient between the construct conceptions is higher than the AVE of the
related concept in the verification of the validity of each concept, the AVE of all factors is
greater, and is thereby judged to have secured valid judgment among the concepts [35].
Finally, the reliability of the research tools was tested by referring to the Cronbach’s « values:
perceived quality (0.848), visual attractiveness (0.854), wearability (0.863), functionality
(0.775), PEU (0.842), PU (0.888), and acceptance intention (0.879), thereby ensuring overall
confidence [36].

4.2. Verification of Technical Statistical Analysis, Correlation, and Normality

The normality of the data was verified based on the technical statistics of the variables.
According to West et al.’s [37] criteria for obtaining normality when verifying univariate
normal distribution, the data are normalized when displaying values within the range of
£2 for skewness and %7 for kurtosis. Additionally, the results of the correlation analysis
presented in Table 3 show that there are no multicollinearity problems as the correlation
between variables was less than 0.85 in all cases [33].

Table 3. Correlation analysis and normality of data.

1 2 3 4 5 6 7
Perceived quality 1
Visual attractiveness ~ 0.529 ** 1
Wearability 0.499 **  0.491 ** 1
Functionality 0.578 ** 0478 ** (0.484 ** 1
Perceived ease of use ~ 0.581 **  0.508 **  0.479 **  (0.482 ** 1
Perceived usefulness  0.675**  0.445** 0.301** 0.485** 0.616 ** 1
Acceptance intention ~ 0.655**  0.458 **  0.444** 0.460** 0.618 ** 0.673 ** 1
Mean 3.471 3.457 2.948 3.497 3.601 3.855 3.656
Standard deviation 0.826 0.776 0.951 0.679 0.736 0.778 0.791
Skewness —0.176 0.209 0.026 0.257 —-0.127 —-0.568  —0.449
Kurtosis 0.093 —0.294 —-0.491 0.294 —0.048 0.748 0.721

“p < 0.01.
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4.3. Structural Equation Modeling

Maximum likelihood (ML) was used as an SEM parameter estimation method; as
Table 4 shows, the goodness-of-fit indices indicate that the structural model is an acceptable
fit to the data (x? = 445.814, DF = 235, CFI = 0.936, IFI = 0.937, TLI = 0.925, RMSEA = 0.064).

Table 4. Result for structural equation modeling.

Items Path B SE CR p
1-1 Perceived quality -> Perceived ease of use 0.380 0.078 3.481 0.000
1-2 Perceived quality -> Perceived usefulness 0.544 0.088 5.089 0.000
2-1 Visual attractiveness -> Perceived ease of use 0.159 0.076 1.798 0.072
2-2 Visual attractiveness -> Perceived usefulness —0.010 0.076 —0.131 0.896
3-1 Wearability -> Perceived ease of use 0.234 0.061 2.867 0.004
3-2 Wearability -> Perceived usefulness —0.218 0.064 —2.932 0.003
4-1 Functionality -> Perceived ease of use 0.116 0.117 1.031 0.302
4-2 Functionality -> Perceived usefulness 0.107 0.117 1.093 0.274
5-1 Perceived ease of use -> Perceived usefulness 0.418 0.109 4.361 0.000
52 Perceived ease of use -> Acceptance intention 0.361 0.116 4.031 0.000

6 Perceived usefulness -> Acceptance intention 0.525 0.104 5.758 0.000

=445.814, DF =235, Q = 1.897, CFI = 0.936, IFI = 0.937, TLI = 0.925, RMSEA = 0.064

f = standard coefficient, SE = standard error; C.R = critical ratio, x% = chi square, DF = degrees of freedom,
Q=x2/DF, CFl = comparative fit index, IFI = incremental fit index, TLI = Tucker-Lewis index, RESEA = root
mean square error of approximation.

A closer look at the results of the structural model analysis confirms the following
(Figure 2). First, perceived quality positively (+) affects PEU (8 = 0.380, t = 3.481) and
PU (B8 =0.544, t = 5.089). Second, visual attractiveness does not significantly affect either
PEU (B =0.159, t =1.798) or PU (B = —0.100, t = —0.131). Third, wearability had a positive
(+) effect on PEU (B = 0.234, t = 2.867), but a negative (—) effect on PU (f = —0.218 and
t = —2.932). Fourth, functionality did not significantly affect either PEU (8 = 0.116, t = 1.031)
or PU (B =0.107, t = 1.093). Fifth, PEU had a positive (+) effect on PU (8 = 0.418, t = 4.361)
and acceptance intention (8 = 0.361, ¢t = 4.031). Sixth, PU had a positive (+) effect on
acceptance intention (8 = 0.525, t = 5.758).
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PU = perceived usefulness, Al = acceptance intention.
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5. Discussion

First, perceived quality has a significant influence on PEU and PU. In particular, in
this study, perceived quality was found to be the most significant factor affecting PEU
and PU—the quality of the TEPD has a direct effect on the competition. Considering that
TEPDs are used to ensure fairness in the Taekwondo competition, efforts to enhance their
perceived quality are critical. In the past, for example, Taekwondo athletes observed that a
purportedly strong kick did not register a point, while weak force did [38]. These problems
were raised as technical issues with TEPDs, among not only Taekwondo athletes but also
spectators, as they expressed doubts about PEU and PU. Therefore, efforts should be made
to maintain a consistent standard of TEPD quality and to enhance athletes and spectators’
perception of the device’s quality through continuous technical development.

Second, visual attractiveness does not have a significant influence on the PEU and
PU. Falcé et al.’s study [39] supports these results, as their research shows that there
is no significant relationship between the appearance and performance of TEPDs. The
appearance of various TEPD brands is similar; moreover, their design is similar to that of a
typical product without the electronic components. Therefore, this study confirms that the
visual attractiveness that Taekwondo athletes perceive does not have a significant effect on
their PEU and PU.

Third, wearability has a significant positive influence on PEU, while it has a signifi-
cantly negative (—) effect on PU. Taekwondo competition scoring happens quickly over a
short period. Taekwondo athletes are very sensitive to this movement and therefore, the
higher the TEPD wearing sensibility, the greater the PEU. Conversely, wearability has been
shown to have a negative effect on PU. This indicates that Taekwondo athletes tend to
recognize highly wearable TEPDs as good products and believe that the latest updated
TEPDs will easily record the score of opponent strikes on themselves. Therefore, it seems
that the higher the wearing sensation, the less useful it will be. More importantly, Sevinc
and Colak [40] indicate that TEPD wearability is a leading factor that significantly affects
Taekwondo performance. Therefore, manufacturing companies must maintain the product
condition and continue to make efforts to improve its material and technical ability to
improve product durability.

Fourth, functionality does not have a significant influence on the PEU and PU. Con-
sidering that the function of TEPDs is to ensure fairness in competitions [41], this study
confirms that PEU and PU are not recognized for functions other than this purpose. Given
that some individuals did not trust the functioning of the earlier versions of the TEPD
because of their technical issues [42], TEPD manufacturers need to focus more on the
development of products that enhance fairness in their functionality.

Fifth, PEU has a significant influence on PU and acceptance intention. There were
many technical problems with the initial model of the device, including errors with the
sensor recognition process during use. However, recent improvements in material de-
velopment and technical skills have improved athletes” competency and provided them
with motivation and objective feedback. Electronic systems help analyze the performance,
strength, and functional capacity of athletes, and assist in improving their skills and moni-
toring these improvements. Additionally, these systems help develop strategies, motivate
athletes, and provide objective feedback [43]. PEU of TEPDs, athletes” PU, and acceptance
intention are also judged to have increased.

Sixth, PU has a significant influence on acceptance intention. As TEPDs have been
used in all recent international competitions, one can expect that the higher the PU of the
TEPD, the more the acceptance intention increases. Notably, the rules have been gradually
amended to increase athletes’ acceptance of the TEPD since its introduction [44]. However,
as Taekwondo is a spectator sport, it is necessary to address technical problems so that
spectators can also recognize the use of TEPDs and their usefulness.
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6. Conclusions

The TAM provides a critical theoretical model for predicting the acceptance of TEPDs.
The importance of PEU and PU as leading variables in predicting TEPD acceptability
means that continuous improvement in perceived quality and wearability are required to
develop athletes” TEPD skills and improve the performance and fairness of Taekwondo
competitions. As such, this study presents factors that enhance the effectiveness of the
TAM and provides a predictive model appropriate for measuring athletes” intention to
accept TEPDs.
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