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Abstract—The purpose of this study was to create a multimedia learning 
environment for use in PE lessons and to determine the effects of a traditional 
learning environment versus a multimedia learning environment on students’ 
learning behaviors and knowledge. This study had a pretest–posttest quasiex-
perimental design. The control and experimental groups comprised students at a 
Taiwanese university who were taught using the traditional teaching method 
(TT group; 48 students) and TMA (TMA group; 47 students). The pretest and 
posttest comprised the Learning Behavior Scale in Physical Education and a test 
questionnaire that assessed the students’ knowledge of basketball game record-
ing methods through 32 multiple-choice questions. The teaching procedure last-
ed 4 weeks and covered various aspects of the rules of basketball, including the 
methods of recording basketball game scores. Differences between the groups 
were determined using various statistical tests. The students’ learning behaviors 
and knowledge of basketball recording methods were discovered to be signifi-
cantly improved in both groups at the posttest. However, the TMA group out-
performed the TT group, enhancing the students’ learning behaviors and 
knowledge to a greater degree. Overall, a combination of TT and TMA may 
have the most beneficial effect on students’ cognition and learning. Teachers 
should take their students’ current cognitive development into consideration 
when designing course materials. 

Keywords—Teaching strategy, learning behaviors, teaching materials, multi-
media videos 

1 Introduction 

Educators must be open to learning about their students and modifying their teach-
ing to increase students’ academic success [1]. Most of the research on Sport Educa-
tion focused on competency and participation [2] and game involvement [3]. Leser et 
al. [4] and Huang [5] reported that although evidence on the application of multimedia 
courses and materials in sports training is being accumulated, empirical case studies 
examining the application of multimedia teaching materials in basketball game re-
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cording methods teaching are rare. The responses of PE students to such multimedia 
environments have not yet been thoroughly investigated [6]. Multimedia environ-
ments for the teaching and learning of such topics and skills seem to constitute a nov-
elty, and the research on the evaluation of their effectiveness in HE institutions is still 
very scarce [7]. Therefore, the effectiveness of multimedia learning in PE must be 
assessed through empirical research; the combination of audio and visual techniques 
in teaching is particularly crucial to determining the effects of blended multimedia 
learning compared with traditional teaching. 

Due to advances in computers and electronic media, the potential for quality educa-
tion has been elevated with the appearance of innovative instructional methods em-
ploying multimedia equipment and resources [4]. Multimedia teaching has gradually 
substituted traditional teaching [8], the traditional PE teaching mode hasn’t met the 
requirements of PE teaching activities in schools, resulting in development bottle-
necks in teaching management, sports facilities and teaching scale [9]. The E-learning 
should try to lay more stress on physical education since sports activities are placed 
importance on our daily lives progressively and can strengthen someone’s mind and 
body [6]. The key elements of multiple media, user control over the delivery of in-
formation, and interactivity can be used to enhance the learning process through creat-
ing integrated learning environments [10]. Thus, multimedia-centered teaching could 
soon become a major means of information delivery and knowledge accumulation as 
well as a crucial learning situation in PE learning. 

2 Theoretical Background 

The term “multimedia” in its current definition emerged at the end of the 1980s 
and was adapted from marketing into educational psychology [11]. Multimedia tech-
nology is a technology using computer to deal with the information of texts, graphics, 
images, sounds, animations and videos to establish logic relations and interaction 
between human and computer [12]. On the basis of this definition, we employed two 
influential theoretical multimedia-learning frameworks and a theoretical model to 
examine the research questions and hypotheses of this study. 

Integrating the Paivio’s “dual code” theory of human cognition [13] and Badde-
ley’s model of human working memory [14], Mayer [15] proposed multimedia-
learning theory. This theory holds that in multimedia learning, information is present-
ed using text and images and that true understanding is achieved when this infor-
mation is combined with pre-existing long-term knowledge. According to Mayer and 
Moreno [16], the human cognitive system allocates resources and handles incoming 
multimedia messages in a multimedia-learning situation in the following manner: 

• Consistent mental representations are established by diverting attention to specific 
information and organizing the selected information 

• Active learning is then achieved by integrating the mental representations into 
other knowledge. 
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Thus, learning and memorization are more effective when text and visual effects 
are employed. The use of both text and visual effects has a positive effect on learning 
performance [17,18] and may be one of the factors affecting the learning process [19]. 

Another influential theoretical multimedia-learning framework is cognitive load 
theory [20]. This theory holds that three sources of cognitive load exist [21,22]: 

• Intrinsic 
• Extraneous and 
• Germane cognitive loads 

The amount of interaction in a particular teaching situation and the level of diffi-
culty of this interaction produce different levels of cognitive load on the working 
memory of learners [23]. Appropriate presentation of teaching materials can reduce 
the extraneous cognitive load and help learners focus on the learning content [24,25]. 
Cognitive load theory has become a critical theoretical framework for analyzing the 
cognitive process and teaching design. To help learners achieve higher learning per-
formance, the designers of teaching plans should strive to reduce the internal and 
extraneous cognitive load on learners while enhancing their germane cognitive load. 

Multimedia learning is one of the future development trends in the field of educa-
tion. Multimedia materials are crucial means of information delivery from teachers to 
students and can be used to overcome the inadequacy of the traditional teaching 
method. Teaching processes that integrate appropriate visual and auditory materials 
can reduce students’ cognitive load during learning, easily attract learners’ attention, 
and consequently enhance learning performance [26]. The current study employed the 
theoretical frameworks of multimedia-learning theory [15] and cognitive load theory. 
These two theories assert that appropriate design of learning materials can produce 
meaningful learning. The utilization of multimedia-assisted teaching (TMA) strategies 
can lead to thorough acquisition of knowledge, helping learners achieve their learning 
goals. 

2.1 Potential and hurdles of TMA 

The consequences of adding auditory or visual materials to the traditional PE 
teaching materials and visually delivering PE information are unclear. Research into 
cognition has demonstrated that visual information accounts for 80% of human func-
tioning, whereas auditory information accounts for only 13% [27]. This indicates that 
the amount of visual information surpasses the amount of other sensory information. 
Accordingly, the use of visually assisted teaching should help students quickly 
achieve understanding during the learning process [28,29]. The main advantages of 
applying multimedia technology in physical education teaching are mainly embodied 
in three aspects [30-32], as follow: 

• Improvement of students’ interest 
• Improve of the learning effects 
• Effective combination of multimedia and physical education teaching 
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More specifically, multimedia materials are regarded as critical elements in the 
presentation of PE education content and are considered major PE teaching mediums 
[33,34]. Numerous studies [35-37] have demonstrated that integrating information 
technology into PE teaching is worthwhile because such integration offers greater 
variety in information presentation for PE teaching [38]. 

Use of multimedia teaching can improve the efficiency of teaching processes [39] 
and lead to active learning [40]. The efficiency of teaching processes is also closely 
related to the interaction between learning motivation and cognition [41]. A study 
examining the use of multimedia in teaching revealed that for some teachers, integrat-
ing multimedia into teaching is a heavy burden [42]. Some teachers believe that mul-
timedia teaching is inconvenient and do not know how to utilize information technol-
ogy in their teaching [43]. The results of Kretschmann [44] revealed that teacher age 
is a factor significantly affecting the computer technology skills of teachers: younger 
teachers typically have superior computer technology skills. A recent study conducted 
by Robinson and Randall [45] revealed that the technical obstacles frequently faced 
by PE teachers when using audiovisual technology include time constraints, profes-
sional knowledge, and obtaining resources. Nevertheless, most of the PE educators in 
the study believed that audiovisual technology has great application potential in the 
field of education. As aforementioned, TMA has great potential in PE education. The 
means of multimedia material presentation are a crucial aspect of TMA. When de-
signing multimedia teaching materials, the characteristics and limitations of memory 
and cognitive processes should be taken into consideration. Additionally, factors such 
as the instructors’ professional knowledge, technical ability, and resource-obtaining 
ability should be considered, so that the optimal student learning mode can be identi-
fied. TMA may not be suitable for all academic courses and goals, but it can be em-
ployed in almost all academic courses to enrich the teaching approach. For instructors, 
TMA offers both a challenge and an opportunity. 

2.2 Learning behaviors in PE lessons 

Teachers and students are the two main subjects involved in classroom lessons 
[46]. Learning behaviors are especially crucial in the classroom setting because they 
serve as a behavioral approach to students’ subsequent learning and development 
[47]. This study using the learning behaviors perspective of Chen [48] as a frame-
work, we defined learning behaviors using three indicators: 

• Learning motivation 
• Learning methods  
• Sports attitude 

Learning motivation is a type of mental process that triggers an individual to en-
gage in a learning activity, sustain a learning activity, and move toward set learning 
targets; in other words, learning motivation drives individuals to advance toward their 
goals [49]. Bandura [50] in his social cognitive theory, argues that self-efficacy be-
liefs (i.e., what people believe about their capabilities) have a stronger influence on 
the motivation to perform a particular action than actual skills, knowledge, or previ-
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ous accomplishment. Models of motivation also include the concepts of effort and 
persistence, which have been traditionally named as motivated learning behavior 
[51,52]. In addition to giving students the knowledge and experience they require, 
university education triggers students’ motivation to autonomously participate and 
engage in learning [53]. Differences in learning ability and learning motivation are 
often regarded as factors for predicting learning effectiveness [54]. More specifically, 
an individual’s success or failure in learning is affected by his or her level of learning 
motivation [55]. 

Other than attitude toward learning strategies, university students’ choice of learn-
ing methods is dependent on their intrinsic motivation, extrinsic motivation, and will-
ingness to learn [56]. When students have high learning motivation, they efficiently 
complete meaning-learning activities [49]. When effective teaching strategies are 
employed, learning performance is enhanced [57]. More specifically, learning per-
formance is positively correlated to the learning method selected [58]. In addition to 
choice of learning strategy, learners’ choice of learning method directly affects their 
learning performance; students must learn to employ the appropriate learning method 
to enhance their learning performance [59]. Because a close relationship exists be-
tween learning method used and learning efficiency, learning methods are considered 
a critical predictor of learning performance. 

The enhancement of positive attitudes is one of the key components that impacts 
student learning [60,61]. Sports attitude refers to the positive or negative attitude held 
by students toward PE classes in school, and this attitude partially affects student 
behavior, even influencing the willingness of students to participate in physical activi-
ties [62]. In the other words, the creation of a positive learning environment impacts 
both student attitudes and student learning [63]. Physical education, therefore, can 
serve as a medium to influence student attitudes toward physical activity since it has 
the potential to reach most children [64]. The results of both traditional conceptual 
studies and empirical studies have revealed an impartial connection between sports 
attitude and learning performance [65]. The cognitive and affective components of PE 
strongly affect overall learning attitude [66]. Thus, creating an appropriate PE learn-
ing environment is vital, because such an environment enhances learning perfor-
mance. 

As aforementioned, not only can effective teaching strategies lead to the change of 
learning methods in the learning process [67], they can also establish a positive learn-
ing attitude, generate meaningful learning processes, and enhance learning perfor-
mance [68,69]. The methods employed by instructors to help learners maintain their 
learning motivation affect the learners’ subsequent retention and retrieval of 
knowledge. Additionally, method selection is crucial in cultivating students’ positive 
attitude toward PE lessons. Learning motivation, learning methods, and learning atti-
tude are the three indispensable components of learning performance; they supple-
ment and complement each other, and they are all integral to ensuring optimal learn-
ing performance. 
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2.3 Research hypotheses 

The purpose of this study was to create a multimedia-learning environment for use 
in PE lessons and determine the effects of a traditional learning environment versus a 
multimedia-learning environment on students’ learning behaviors and acquired 
knowledge of basketball game recording methods. More specifically, we had the fol-
lowing objectives. First, we wished to analyze the combined impact of traditional 
teaching and TMA on learning behavior and acquired knowledge of basketball game 
recording methods (within effect). Second, we aimed to compare the learning behav-
ior and the knowledge of basketball game recording methods of students between 
traditional teaching (TT) and TMA (between effects). On the basis of the aforemen-
tioned influencing factors and literature review, this study proposed that TMA en-
hances student learning behavior and acquired knowledge of basketball game record-
ing methods. Therefore, we proposed two research hypotheses, as follows: 

• Hypothesis 1: Students’ learning behavior and knowledge of basketball game 
recording methods are significantly improved under the TMA. 

• Hypothesis 2: The TMA Students’ learning behavior and knowledge of basketball 
game recording methods are significantly better than the TT. 

3 Methodology 

3.1 Research design 

The present study employed the nonequivalent pretest–post-test quasi-experimental 
design with an experimental group, which received the TMA, and a control group, 
which received the TT. In consideration of ethical research, the research content, 
research activity design, feedback process for participants, possible harm or discom-
fort that may be experienced during the research, protection of privacy and infor-
mation for participants, and freedom for participants to withdraw at any time were 
disclosed. Before initiation of the experimental teaching sessions, both groups com-
pleted the pretest: The Learning Behavior Scale in Physical Education (LBSPE) and 
the test questionnaire, which assessed the students’ perception of basketball game 
recording methods. In the fifth week, students took the posttest, which comprised the 
same questionnaires administered in the pretest. All procedures, including the in-
formed consent and the recruitment of participants, were reviewed and approved by 
the Thai Clinical Trials Registry Committee (TCTR), and was satisfactory for all 
items of Trial Registration Data Set required by the World Health Organization. The 
identification number for the clinical trial in this study is TCTR20190414001. 

3.2 Participants 

The research was conducted at Ming Chuan University of Taiwan which has 95 
students. The code of basketball course is 02412 and 02406 in semester 2 academic 
year 2018/2019. In the research process, it does not create a new class group but an 
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existing class group is then selected to determine the experimental class and the con-
trol class that has almost the same characteristics. The sample comes from two clas-
ses. One class was used for the experimental group of 47 students（35 male and 12 
female, with an average age of 21.85 ± 0.51 years); one for the control group of 48 
students（43 male and 5 female, with an average age of 22.21 ± 0.71 years）. The 
courses of knowledge of basketball game recording methods last for 4 weeks in one 
semester with each classroom meeting once a week for 50 minutes (Figure 1). 

 
Fig. 1. Flowchart of the study’s sampling process 

3.3 Ideas for course design 

We split the learning content into several smaller segments according to the seg-
mentation multimedia design principle proposed by Mayer and Moreno [16]; the 
purpose was to reduce the amount of information presented in each session. Using the 
official basketball rules published by FIBA [70] as a framework, the teaching sessions 
for the experimental group were conducted using a TMA approach. By contrast, the 
control group was taught according to the direct instruction procedures suggested by 
Rosenshine [71]. The objectives and the structures of the course are presented in Ta-
ble 1. 
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Table 1.  Designing learning materials for educational objectives 

Week Experimental group Control group Educational objectives 
Week1 1)FIBA Scoresheet 

2)TMA 
3)120 seconds media 

1)FIBA Scoresheet 
2)TT 

1.Cognitive goals 
1)Learn about the preservation of 
records 
2)Understand the skills of com-
petition recording 
2.Affective goals 
1)Understand the norms of 
recording methods. 
2)Learn the recording methods. 
3.Psychomotor goals 
1)Learn the recording skills 

Week2 1)Teams on the scoresheet 
2)TMA 
3)175 seconds media 

1)Teams on the scoresheet 
2)TT 

Week3 1)Officials’ signals 
2)TMA 
3)160 seconds media 

1)Officials’ signals 
2)TT 

Week4 1)Running score 
2)TMA 
3)180 seconds media 

1)Running score 
2)TT 

3.4 Development of teaching materials 

The teaching materials used in this study were developed on the basis of the Offi-
cial Basketball Rules published by FIBA [70]. Two professional basketball referees 
and one multimedia teacher were recruited to the teaching material development 
group, and two focus meetings were held to determine the design of the teaching ma-
terials. Multimedia instructional videos containing information about basketball game 
recording methods and rules were later developed on the basis of the results of the 
meetings. A total of four teaching units were developed on the respective topics of the 
scoresheet, teams on the scoresheet, officials’ signals, and running score. The au-
dio/video presentation of each of the units was approximately 125 to 180 seconds in 
length and media was rendered into a MP4 format (Figure 2). 

 
Fig. 2. Screen capture of the multimedia videos 
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3.5 Procedures 

First, university students in two basketball elective classes were recruited. The stu-
dents were then filtered according to the inclusion and exclusion criteria. The selected 
students were randomly divided into two groups (i.e., experimental and control 
groups). Both groups received training on the topic of basketball game recording 
methods. However, in the training sessions of the experimental group, a TMA blend-
ed teaching approach was used, whereas in those of the control group, only the TT 
approach was employed. Before the commencement of the study, the researchers 
briefed the students about the purposes and procedures of the research. The students 
were explicitly told that their anonymity would be guaranteed and that they were free 
to choose whether to participate. If the students agreed to participate, they were re-
quested to sign the consent form. Before the commencement of the teaching proce-
dures, the students were required to fill in a demographic questionnaire and complete 
the pretest. The teaching procedure lasted 4 weeks, and four teaching units were 
taught. The teaching sessions in the first week introduced the scoresheet and its de-
velopment history, whereas those in the second week focused on the completion of 
team record forms. The sessions in the third week addressed the signals made by bas-
ketball game referees, and finally, the sessions in the fourth week discussed the meth-
ods for recording running scores. In the fifth week, the students took tests that as-
sessed their learning behaviors and acquired knowledge of basketball game recording 
methods. 

4 Research Tools 

4.1 Learning behavior scale in physical education (LBSPE) 

The LBSPE could access students’ learning behavior in physical education. Learn-
ing behavior referred to students’ individuals’ capabilities to perform their learning 
motivation, learning method, learning attitude in physical education. This LBSPE 
scale took reference from the scales developed by Chen [48] and Kao [72] and com-
prised a total of 11 items (incl. Learning motivation, learning method, learning atti-
tude) analyzing three dimensions. The LBSPE that was used in the present study had 
been revision, and three focus group meetings were held to revise the items. Two 
college students were selected to complete the scale and check it well. Subsequently, 
the LBSPE was tested for validity and reliability through confirmatory factor analysis. 
The study samples comprised 277 students through purposive sampling who correctly 
completed the LBSPE. The result showed acceptable fit (χ² = 217.80, p < 0.05; 
RMSEA = 0.05, AGFI = 0.84, CFI = 0.96). The average variance extracted (AVE) of 
the latent variable was 0.75, with a composite reliability (CR) of 0.92. Thus, we con-
cluded that the LBSPE was psychometrically sound, with adequate reliability and 
validity. 
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4.2 Test questionnaire for assessing acquired knowledge of basketball game 
recording methods 

In this study, the test questionnaire used to assess the participants’ acquired 
knowledge of basketball game recording methods was developed on the basis of the 
test questionnaire devised by Kao and Yang [73] for assessing knowledge of basket-
ball game recording strategies. At the pretesting stage, 184 students were recruited. 
Appropriate test items were identified using the following evaluation criteria: 

• Item difficulty index of 0.8 > P > 0.2 
• Item discrimination index of D > 0.2 

A test questionnaire containing 32 test items was finalized. Regarding the proper-
ties of the final test questionnaire, the item difficulty index of the items ranged from 
0.23 to 0.75; the average difficulty was 0.63. The item discrimination index of the test 
items ranged from 0.47 to 0.71; the average item discrimination index was 0.38. The 
questionnaire was used to assess the level of participants’ acquired knowledge of 
basketball game recording methods. Each question contained four answer options, 
only one of which was correct. The time limit for the administration of this test ques-
tionnaire was 32 minutes. One point was awarded for each correctly answered ques-
tion, and the maximum score possible was thus 32 points. A high score indicated 
more acquired knowledge of basketball game recording methods. 

4.3 Data analysis 

The Statistical Product and Service Solutions software package was employed to 
calculate the statistics with respect to data processing, and five analytical methods 
were applied to the results: 

• Descriptive statistics were applied to analyze the distributions of the height, 
weight, and body mass index (BMI) of participants 

• Chi-square testing was used to conduct a homogeneity test on the gender of partic-
ipants 

• Independent-samples t testing was used to analyze the homogeneity of the height, 
weight, and BMI of participants 

• Analysis of covariance (ANCOVA) was applied to compare and analyze the exper-
imental and control groups in terms of learning behavior and knowledge of basket-
ball game recording methods post-test results after excluding the influence of pre-
test scores 

• Based on the standard proposed by Cohen [74], the η2 (eta squared) was used for 
ANCOVA, and the thresholds were set to ≤0.02 for small, 0.059 for medium, and 
≥0.138 for large. The significance levels for all statistical tests in this study were 
set to α < 0.05. 
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5 Results 

5.1 Homogeneity test between the experimental and control group 

The analyses results for the demographic analyses indicated that there were no sig-
nificant differences between the groups in terms of age (t =2.80, p > 0.05, d=0.58), 
weight (t =1.13, p > 0.05, d=0.09), height (t =0.45, p > 0.05, d=0.23) and body mass 
index (t =1.66, p > 0.05, d=0.34). In addition, in terms of the gender (x²= 3.69, p > 
0.05, d=0.40) distributions for the two groups suggesting that the two groups were 
homogenous. Table 2 summarizes the demographic characteristics and physical fit-
ness of the participants in the two groups. 

Table 2.  Demographic characteristics of the participants 

Variable Experimental group (n =47) Control group (n =48) Total (n = 95) 
Gender (M: F) 35:12 43:5 47:48 
Age (years) 21.85[0.51] 22.21[0.71] 22.03[0.64] 
Height (cm) 170.69[9.20] 169.96[6.51] 170.32[7.92] 
Weight (kg) 63.00[12.96] 66.31[15.45] 64.67[14.29] 
BMI (kg/m²) 21.49[3.30] 22.84[4.51] 22.17[4.00] 

 
Table 3 presents the results of homogeneity tests for the within-group regression. 

coefficients between LBSPE score and acquired knowledge of basketball game re-
cording methods. The regression line slope of LBSPE score (F = 0.49, p = .49, η² = 
.01) is identical to that of the acquired knowledge score (F = 2.46, p = .12, η² = .03). 
Thus, the pretest results do not differ from the posttest results because of differences 
in the treatment levels of the independent variables. The assumption of homogeneity 
of regression slopes is therefore met, and further covariance analyses were conducted. 

Table 3.  Learni Homogeneity test results for within-group regression coefficients of LBSPE 
score and acquired knowledge score 

Variation Source Type III SS df F p η² 
Learning Behavior Group*Pre-test 0.06 1 0.49 .49 .01 

Error 10.57 91 
  

 
Acquired knowledge Group*Pre-test 38.19 1 2.46 .12 .03 

Error 1410.82 91    

*p < .05 

5.2 Learning behavior of the experimental and control groups 

As shown in Table 4 and Figure 3, the learning behavior scores of the students at 
the learning motivation, learning method, learning attitude and total score in the ex-
perimental group were 2.99 (adjusted mean = 3.00), 3.26 (adjusted mean = 3.26), 
3.31(adjusted mean = 3.30) and 3.20 (adjusted mean = 3.21), respectively. The scores 
of the students at the learning motivation, learning method, learning attitude and total 
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score in the control group were 2.29 (adjusted mean = 2.29), 2.48 (adjusted mean = 
2.48), 2.63 (adjusted mean = 2.64), and 2.52 (adjusted mean = 2.52), respectively. 

Table 4.  Descriptive statistics of the learning behaviors of the experimental and control groups 

Group Source Pre-test (SD) Pro-test (SD) Adjusted Mean 
Experimental (TMA) Learning Motivation 2.35(0.63) 2.99(0.57) 3.00(0.91) 

Learning Method 2.43(0.41) 3.26(0.40) 3.26(0.57) 
Learning Attitude 2.82(0.47) 3.31(0.36) 3.30(0.52) 
Learning Behavior 2.51(0.32) 3.20(0.32) 3.21(0.50) 

Control (TT) Learning Motivation 2.44(0.73) 2.29(0.68) 2.29(0.90) 
Learning Method 2.41(0.44) 2.48(0.38) 2.48(0.57) 
Learning Attitude 2.95(0.47) 2.63(0.35) 2.64(0.51) 
Learning Behavior 2.57(0.35) 2.52(0.36) 2.52(0.49) 

 
The results presented in Tables 4 and 5 indicate that after controlling for the influ-

ence of the covariate variables (i.e., pretest results) on the dependent variables (i.e., 
posttest results), both the experimental and control groups demonstrated significant 
improvement in learning motivation (F = 30.72, p < .05, η² = .25), learning method (F 
= 92.08, p < .05, η² = .50), learning attitude (F = 80.12, p < .05, η² = .47), and overall 
learning behavior (F = 96.55, p < .05, η² = .51) in the posttest compared with the pre-
test. These findings have relatively high explanatory power. Post hoc comparisons 
conducted using the adjusted mean values indicated that the experimental group had 
higher learning motivation (3.00 > 2.29) and superior learning method (3.26 > 2.48), 
learning attitude (3.30 > 2.64), and overall learning behavior (3.21 > 2.52) than the 
control group. 

 
Fig. 3. Learning behavior performance between experiment group and control group 
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Table 5.  Covariance analysis results of learning behaviors 

Variation Source Type III SS df F p η² 
Learning Motivation Group 11.88 1 30.72* .00 .25 

Error 35.57 92    
Learning Method Group 14.30 1 92.08* .00 .50 

Error 14.30 92    
Learning Attitude Group 10.06 1 80.12* .00 .47 

Error 11.55 92    
Learning Behavior Group 11.15 1 96.55* .00 .51 

Error 10.63 92    

*p < .05 

5.3 Group differences in acquired knowledge of basketball game recording 
methods 

As demonstrated in Table 6, the experimental group students scored 9.04 on the 
pretest and 24.19 on the posttest assessing knowledge of basketball game recording 
methods (adjusted mean = 24.20). By contrast, the control group students scored 9.25 
on the pretest and 21.54 on the posttest (adjusted mean = 21.54). 

Table 6.  Descriptive statistics of the experimental and control groups’ scores for acquired 
knowledge of basketball game recording methods 

Group Source Pre-test (SD) Pro-test (SD) Adjusted mean 
Experimental (TMA) Acquired knowledge 9.04(3.67) 24.19(4.36) 24.20(0.58) 
Control (TT) Acquired knowledge 9.25(3.21) 21.54(3.52) 21.54(0.57) 

 
The results displayed in Tables 6 and 7 indicate that after controlling for the influ-

ence of the covariate variables (i.e., pretest results) on the dependent variables (i.e., 
posttest results), both groups demonstrated significant improvement in their 
knowledge of basketball game recording methods (F = 10.65, p < .05, η² = .10); the 
results have high explanatory power. A post hoc comparison conducted using the 
adjusted mean values and indicated that the experimental group (adjusted mean = 
24.20) obtained higher knowledge scores than the control group (adjusted mean = 
21.54). 

Table 7.  Covariance analysis of acquired knowledge of game recording methods 

Variation Source Type III SS df F p η² 
Acquired knowledge Group 167.75 1 10.65* .00 .10 

Error 1449.01 92    

*p < .05 
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6 Discussion 

This study examined the effects of TMA on learning behaviors in PE lessons and 
acquired knowledge of basketball game recording methods. The results demonstrated 
that a TMA interventional PE course improved the learning behaviors and knowledge 
of the students. This finding is similar to those of previous studies [4,31,75]—that 
computer multimedia technology has a considerable beneficial effect on PE educa-
tion. The results of these studies also support the viewpoints of Brown et al. [76] and 
Milos et al. [77]. These scholars reported that TMA has a positive influence on learn-
ing motivation during PE lessons; leads to changes in learning methods; results in a 
positive learning experience during PE lessons; and enhances students’ learning atti-
tude, making them more willing to participate in learning. The students enrolled in the 
present study demonstrated significant improvement in their knowledge of basketball 
recording methods after the implementation of the TMA basketball course; this result 
indicates that compared with the TT approach, TMA is more effective when teaching 
basketball recording methods. This finding is similar to those of Antoniou et al. [78] 
and Papastergiou and Gerodimos [6], who reported that compared with TT, TMA 
more effectively enhanced students’ acquisition of basketball knowledge. Additional-
ly, TMA was discovered to result in superior knowledge retention compared with TT. 
Therefore, the two hypotheses of the current study were supported: students’ learning 
behaviors and knowledge of basketball recording methods were significantly im-
proved when the students were taught with TMA, and TMA was superior to TT in 
enhancing students’ learning behaviors and knowledge. 

From the perspective of learning behaviors, learning motivation is necessary to 
trigger a positive learning attitude and the activation of learning methods in learners. 
TMA is designed to induce active learning through visual stimulation. The results of 
relevant studies have indicated that when PE lessons are taught in a multimedia envi-
ronment, learning motivation is enhanced [5], as is learning attitude [4,79]. When PE 
lessons taught in such an environment, effective knowledge construction is supported, 
ultimately leading to the generation of meaningful learning behaviors and methods 
[80,81]. When TMA is used in conjunction with TT, the two teaching approaches can 
supplement and complement each other. When TT is used as the main teaching ap-
proach and multimedia teaching is used as the supplementary teaching approach to 
extend the learning scope, favorable results can be obtained; this indicates that both 
teaching methods can be utilized fully and effectively when they are integrated. TMA 
reinforces the overall learning behaviors in PE lessons. In TMA, the teacher’s teach-
ing philosophy and materials can be integrated using multimedia technology and be 
presented to learners in an active and lively way through different forms of media, 
including text, diagrams, videos, animations, audio, and video. The various forms of 
media materials available in multimedia teaching can meet the needs of students with 
different learning styles and more fully immerse students in their learning of the cur-
riculum. Additionally, TMA offers opportunities for teacher–student visual contact 
and interaction, potentially shortening the psychological gap between teachers and 
students. Lastly, TMA enables teachers to gain better understanding of the methods 
used by students to learn in a particular environment, and this could in turn enhance 
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the teachers’ performance. In summary, digital multimedia learning is a learning tool 
that promotes effectiveness of the learning process. However, according to the results 
of van Merriënboer and Sweller [25], excessive sensory stimulation can lead to senso-
ry overload and confusion in the stimulation receivers; this may in turn undermine the 
information delivery effect of multimedia learning. Therefore, when employing mul-
timedia materials in teaching, teachers must take into consideration the cognitive load 
being placed on learners and judge the amount of multimedia materials to be present-
ed accordingly; multimedia technologies can also be integrated in a meaningful way 
accordingly to the teaching materials. In short, multimedia learning is an indispensa-
ble strategy in teaching and learning, and TMA is a suitable teaching design for appli-
cation in PE teaching. 

On the cognition level, learners may experience difficulties in the instantaneous 
comprehension of coherence between printed diagrams. This is because in printed 
diagrams, there is considerable information that must be processed; comprehension of 
coherence between printed diagrams involves the understanding of links between the 
various details of different pieces of information. Faraday and Sutcliffe [82] stated 
that appropriate integration of media and the utilization of different teaching ap-
proaches can promote information comprehension. In the process of cognition devel-
opment, an individual starts with the development of cognition based on concrete 
experiences and slowly transitions to the development of abstract cognition. Accord-
ingly, any teaching should be conducted on the basis of the previous learning experi-
ence of the target learner. The audiovisual information is later subjected to further 
processing by the learners and is thus sent to the short-term memory, later being sys-
tematically encoded to ease the delivery of the information to the long-term memory 
[80]. Therefore, using multimedia to deliver instructional information helps learners 
to organize and encode the meaning of received information and in turn eases the 
delivery of this information to the long-term memory; thorough and deep processing 
of the received information enhances learning performance. According to Dale [83], 
when new information is learned through the watching of dynamic videos, viewing of 
a relevant exhibition, and observation of a demonstrated instruction, a learning reten-
tion rate of 50% can be achieved. Similar perspectives can be found in studies on 
multimedia-learning theory by Mayer [15] and the theory of instruction by Bruner 
[84]; to successfully achieve learning objectives, teachers must begin with experience 
image representation (e.g., pictures and videos) and slowly transition toward symbolic 
representation (e.g., language and texts) in their teaching; this indicates that use of 
different media to simulate concrete entities can enhance the learning experience and 
help learners to learn more effectively. Multimedia learning thus offers diverse learn-
ing pathways for PE courses and offers possibility and flexibility for learners in terms 
of learning time, space, and methods. However, multimedia learning cannot complete-
ly replace traditional PE course design. If teachers can take their students’ current 
cognitive development into consideration and assist the students to complete cognitive 
restructuring in the order of enactive representation, iconic representation, and sym-
bolic representation, the students have a greater chance of developing true understand-
ing of concepts in teaching materials and in turn achieve true learning. 
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6.1 Limitations of the study 

The teaching design ideology of the study is to discuss if TMA could be adopted to 
promote students’ learning behavior and acquired knowledge of basketball game 
recording methods. The present study employed the nonequivalent pretest-post-test 
quasi-experimental design; yet, difficulties were encountered during actual implemen-
tation due to factors including the difficulty of acquiring a group sample, experi-
mental mortality, lecture hours, and course progress and budgets. The research target 
of this study is limited to two classes of 4rd-year students in a university in Taiwan; in 
actual practice, one may only carefully infer the population. Thus, I would recom-
mend to expand the research target’s year of study, university, item and area to ac-
quire a more complete research outcome. 

7 Conclusion and Recommendation 

This study investigated, with university students as the participants, the effect of 
TMA on acquired knowledge of basketball game recording methods and learning 
behavior in the subject of PE. The results indicated that the TMA intervention posi-
tively affected the participants’ learning behaviors and knowledge. Although the 
study results revealed that both teaching approaches resulted in effective learning at 
the cognitive level, the participants subjected to TMA exhibited higher cognitive 
performance than those subjected to TT; this indicated that students may prefer to be 
taught using TMA. The study findings encourage teachers of physical education to 
teach students by using TMA as it improved the acquired knowledge of basketball 
game recording methods and learning behavior of students. Furthermore, the study 
suggested re-applying this research study by investigating the effect of TMA on other 
item from different physical education curriculum. 
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