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Abstract—In the physical education literature, E-learning in terms of online 
or blended learning has been lacking and facing several challenges which high-
lighted a need to conduct more research to investigate modern instruction in the 
context of physical education. This study is one of the few to determine the impact 
of Mobile Application-Assisted Instruction (MAAI) on intrinsic motivation and 
sports nutrition knowledge in a blended learning setting. The “KI-coach” app 
has been used as a state of an art mobile application based on artificial intelli-
gence. This study adopted quasi experimental approach. Students were randomly 
assigned into a control group (n=25) that received the convolutional instruction 
method and an experimental group (n=25) that received MAAI. Study groups 
adopted a blended learning approach. Measures of intrinsic motivation and sports 
nutrition knowledge were administered to both groups before and after teaching 
the nutrition and physical performance course. The ANCOVA analysis revealed 
a statistically significant difference between the mean scores of the two groups 
on intrinsic motivation and sports nutrition knowledge. These findings indicated 
that using MAAI in blended learning promoted the development of intrinsic 
motivation and enhanced sports nutrition knowledge among physical educa-
tion students. These findings encourage the decision-makers at the ministry of 
higher education and physical education instructors to improve blended learning 
instruction and practice.

Keywords—mobile application, intrinsic motivation, sports nutrition  
knowledge, physical education, blended learning, instruction

1 Introduction

To achieve sustainable development, it is vital to equip individuals with digital-age 
skills. To do this, educational institutions should use the most recent practices and meth-
ods, such as blended learning (BL), which combines face-to-face and distance learning 
modes. The primary aim is to capitalize on the positive aspects of both learning delivery 
systems [1]. Regarding their educational benefits, such as stimulating students’ curi-
osity, engagement, confidence, critical thinking, satisfaction, and learning outcomes, 
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BL has expanded rapidly in higher education [2–10]. To realize these advantages, edu-
cators and designers must overcome obstacles inherent to BL settings, such as a lack of 
motivation and contact [11–12]. Intrinsic motivation is a major determinant of student 
advancement and academic achievement [13–15].

The efficacy of BL courses is heavily dependent on pedagogies, teachers’ practice, 
and set design. Despite this, the literature requires further research on the systematic 
implementation and design of successful BL [16]. On the other hand, researchers incor-
porating numerous current technologies in BL settings, such as mobile technologies, 
have garnered interest due to its portability, portability, accessibility, and flexibility in 
learning [17–18]. Consequently, they conducted several kinds of research employing 
them in BL mode, such as in the context of learning language. They discovered that it 
had several favorable effects, such as improving motivation and language acquisition. 
Numerous studies have demonstrated the favorable impact of employing mobile 
devices in education across a variety of learning modalities, including online, blended, 
and face-to-face learning, in several subjects that are prevalent in the target language.

However, in the context of physical education, courses are predominantly imple-
mented and presented face-to-face [19]. However, there is still a need for educational 
literature about the implementation of blended learning in the context of physical edu-
cation across all disciplines. Sports nutrition knowledge (SNK) is an important subject 
of physical and health education. Nutrition plays a significant role in the health and 
physical performance of the individual, and it is the primary factor that determines 
the optimal level of sports performance for athletes, it influences their dietary intakes 
[21–22].

A solid SNK level qualifies physical education students to adequately train athletes. 
Despite the importance of this topic, numerous studies have demonstrated that phys-
ical education students and athletes in various countries, including Jordan, lack gen-
eral nutrition knowledge [20, 22–25]. Also in 2021, the Jordanian ministry of higher 
education established instructions for the incorporation of e-learning in institutions of 
higher education. In addition, requiring universities to redesign their academic pro-
grams and subject plans to satisfy the standards for incorporating e-learning (i.e. online 
and blended learning) in all programs and majors [26]. This necessitated a recent study 
to determine the efficacy of employing the mobile application in the BL environment 
to increase intrinsic motivation and SNK among Jordanian physical education (PE) 
undergraduates.

1.1 Aim of the study and research questions

This study examines on developing students’ intrinsic motivation and Sport Nutri-
tion Knowledge among PE undergraduates in BL mode. Exactly, This research tries to 
answer the following research questions:

RQ1: Are there statistically significant differences at the significance level (α <= 0.05) 
in the development of intrinsic motivation among PE undergraduates attribut-
able to the instructional BL method (MAAI and conventional)?
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RQ2: Are there statistically significant differences at the significance level (α <= 0.05) 
in the acquisition of Sport Nutrition Knowledge among PE undergraduates 
attributable to the instructional BL method (MAAI and conventional)?

2 Literature review and theoretical framework

2.1 Intrinsic motivation

Motivation is an inner construct that inspires an individual’s desire and energy 
to be consistently interested in and devoted to pursuing a goal. It is the capacity to 
influence the conduct of individuals. The internal state initiates, directs, and maintains 
goal-directed action [27–28]. It is a learning condition that leads to, alters, or maintains 
the academic goals of a learner. It provides motivation for academic work, enables 
students to attain their learning objectives, engages them in learning activities, and 
empowers them to overcome learning problems and tough conditions. It affects their 
academic performance [29–33].

Several theories explain motivation in settings of learning. The self-determination 
theory (STD) is the human motivation theory with the most scientific support. It 
explains motivation in several contexts, including e-learning, as it has been effectively 
used in physical education [34–37]. STD considers motivation to be a multidimen-
sional entity and differentiates between many sorts of motivation. It views motivation 
as a continuum between fully self-determined and non-self-determined. The research 
distinguished between intrinsic and extrinsic motivation. According to an individual’s 
underlying regularity process, intrinsic and extrinsic motivation might vary.

Intrinsic motivation (IM) refers to behaviors that do not require external stimulation; 
they are self-determined and viewed as deliberate, stemming from a person’s sense of 
self, and intrinsically interesting and gratifying [38]. Individuals that are innately driven 
participate in an activity without external incentives or stimulation with enthusiasm. In 
activities that are organically driven, the process of regularity and the apparent loca-
tion of causality is internal to the self. In contrast, extrinsic motivation (EM) refers to 
actions taken in pursuit of an external condition, such as receiving benefits or avoiding 
negative consequences. The extrinsically motivated individual engaged in instrumental 
actions, which are motivated by a result apart from the activity itself. The regulatory 
mechanism in extrinsically motivated behavior is compliance, and the apparent locus 
of cause is external to the self [38–41]. Through the internalization process, which is a 
developmental process involving a person’s translation of external regulatory mecha-
nisms into internal regulatory processes, extrinsic motivation may become more auto-
nomic and intrinsic [40–44].

According to STD satisfaction, basic psychological requirements (relatedness, 
autonomy, and competence) assist the internalization process that enables a person to 
become more self-determined and fulfilled [40, 45]. Therefore, pupils with more satis-
faction with their fundamental psychological needs are more autonomous and intrinsi-
cally driven. Lei [46] outlined several advantages for intrinsically motivated students 
which are: positively relate to learning, achievement, self-efficacy, actively participate 
in class, cognitively engaged in learning tasks, attempt to achieve true understanding, 
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show creativity in performance, Keep trying to face learning difficulties or challenging 
issues, experience pleasure in learning process, as negatively relate to anxiety, depres-
sion, stress and frustration. In addition, academics and psychologists recommend 
implementing effective classroom practices and learning settings that meet students’ 
fundamental psychological needs to promote intrinsic motivation among students in a 
variety of educational disciplines, including physical education [40, 47–48].

2.2 Sports nutrition knowledge

Knowledge of sports nutrition is crucial for athletic performance; it influences 
athletes’ nutritional intake [21, 49]. Good knowledge of SNK among coaches and 
PE undergraduates assists them in preparing athletes effectively. In general, nutri-
tion is the most influential aspect in achieving peak athletic performance [20]. There-
fore, numerous researchers conducted studies to examine the nutrition knowldge of 
PE students and athletes. In Spain, Escribano-Ott et al., [22] performed descriptive 
research among basketball players and discovered that they lacked sufficient SNK; sim-
ilarly, in Jordan, Elsahoryi and his colleagues [23] found that Jordanian athletes lacked 
nutrition knowledge. As well, In Palestine, Badrasawi, et al. [20] did a study among 
249 students in physical education and discovered that they lacked an adequate nutri-
tion understanding. The researchers Azizi and his colleagues [24] discovered that the 
nutritional understanding of elite college athletes requires improvement. In addition, 
Zuniga, et al. [25] conducted a descriptive study among Division I collegiate athletes 
and discovered that they lacked adequate nutrition knowledge (NK), emphasized the 
need for research to improve nutrition knowledge, and suggested conducting a study 
utilizing mobile technology to enhance it.

To improve the SNK of PE undergraduates, coaches, and athetes, researchers 
performed studies. As a result, mobile technologies such as nutrition-focused mobile 
applications were utilized and implemented to assist, monitor, and improve nutrition 
knowledge and SNK among individuals [50]. Despite the educational benefits of 
incorporating mobile technology into school, research has yet to examine its effect on 
SNK in the context of PE. Consequently, we may link to a few of the minor research 
that utilized it outside of the PE setting. Such as the study by Samoggia & Riedel 
[51], which examined the impact of nutrition-focused mobile applications (NFMA) on 
nutrition knowledge among 143 respondents (aged between 18 and 71) and found that 
NFMA positively increased nutrition knowledge and respondent motivation. Heikkila 
and his team mates [52] conducted a study involving seventy-nine endurance athletes 
and concluded that the mobile app did not increase nutrition information acquisition. 
These contradictory results, the absence of study on the impact of utilizing mobile 
applications on SNK, and the dearth of SNK among PE undergraduates and athletes 
demonstrate the need for contemporary research to improve SNK.

2.3 Blended learning and physical education context

BL is increasingly expanding in higher education. It is sometimes referred to as 
hybrid learning, mixed-mode learning, and flexible learning [3, 53]. There are several 
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definitions of blended learning in the literature; for instance, some define it as a 
combination of learning delivery modalities, frequently integrating face-to-face meth-
ods with asynchronous and/or synchronous online methods. In addition, some have 
characterized blended learning as the utilization of both face-to-face and computer- 
mediated training [54, 55] Moreover, some view blended learning as a combination of 
online, offline, and face-to-face instruction [56]. Despite these various definitions, the 
core concept is to capitalize on the positive aspects of both learning delivery systems [1].

Several studies on the educational benefits of BL have been conducted [57–59]; 
however, literature on implementing and designing effective BL is lacking, despite 
the crucial role of implementation in the success of BL courses [16]. Bidarra and 
Rusman [60], for instance, proposed a paradigm with three dimensions: context, tech-
nology, and pedagogy. It proposes constructing learning activities that apply to stu-
dents’ lives and are transferrable to real-world circumstances, as well as using current 
interactive technology like mobile or virtual reality.

Researchers highlighted some considerations and suggestions for designing BL 
courses, such as: determining the course objectives, the educator’s experience, and 
the learner’s characteristics; as well as the availability of learning and technological 
resources, providing online collaborative learning activities, considering students’ 
learning experience regarding the technology, providing technical support, and employ-
ing strategies to increase the interaction among learners [16, 61]. Therefore, researchers 
and educators integrated BL in higher education across several domains and disciplines 
slowly [5–9]. Though, physical education courses are predominantly taught via the 
conventional face-to-face method [19]. This could be due to several factors: first, the 
lack of practical BL experiences in PE; second, the challenging issues that accompa-
nied the implementation of online learning in PE courses, such as a lack of resources, 
a lack of information literacy among PE instructors, the limited availability of specific 
venues and environments at home, and the difficulty of implementing regular teaching 
plans online [62, 63].

2.4 Mobile applications-assisted instruction and physical education context

Mobile technology and its applications have been quickly adopted in the sphere 
of education; it enables the facilitation of the learning process anywhere, at any time, 
regardless of physical location. Consequently, it might be utilized in various learning 
delivery modes, including face to face, distance, and BL, which give new opportuni-
ties to merge face-to-face and online learning strategies. Additionally supports flipped 
learning and mixed learning [64]. There are two types of mobile-based instruction: 
a) mobile-mediated instruction (MMI), where instruction and learning are conducted 
over the mobile device, similar to distance learning; and b) mobile-assisted instruc-
tion (MAI) or mobile-aided instruction (MAI), where mobile users help and assist 
the learning and teaching processes, whether in BL, distance, or conventional face-
to-face learning mode. These ideas stem from computer-mediated instruction (CMI) 
and computer-assisted instruction (CAI). MAI is more valuable than CAI because it 
promotes learning at any place and at any time [65–71].
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The expansion of mobile use in education is a result of its widespread application in 
language learning to engage pupils. Mobile-assisted language learning (MALL) refers 
to the use of a mobile device anywhere and at any time for language learning activ-
ities. As a result, some mobile applications, such as Babbel and Busuu, were created 
and utilized to facilitate language learning [72–74]. MAI utilizes face-to-face, remote 
learning, and BL in a variety of settings [75–76]. Mobile blended learning refers to the 
use of a mobile device in the BL delivery mode, such as for specialized learning tasks 
or activities [64].

There are several pedagogical advantages of using mobile technology in BL deliv-
ery modality; for instance, Bardus and his colleagues [77] did research involving 100 
students at the universities of Karazin and Berdyansk. Their findings indicated that 
the use of mobile applications to learn foreign languages in BL had a favorable effect 
on students’ motivation and perspective of language learning. In addition, Ustun [78] 
proved in his literature review that the use of mobile technology in BL has a consider-
able favorable influence on students’ learning acquisition and attitude toward mobile 
learning. In addition, Osifo [79] conducted a qualitative study in higher education with 
EAP students in UAE, demonstrating that MALL apps with Differentiated Activities in 
BL had a beneficial influence on students’ teamwork, motivation, and research abilities. 
Alternatively, Suartama and his team mates [64] conducted a research and development 
study that proposed a mobile BL design with three phases: pre-analysis, activity, and 
resource design; they utilized the mobile application for Moodle LMS.

In the context of physical education literature that combines technology, the empha-
sis was on combining ICT tools with conventional learning. Little effort was devoted 
to determining the efficacy of mobile applications or technologies in the BL context; 
hence, we refer to all research that utilized mobile apps in all learning contexts (i.e., 
face-to-face, BL, and distance). For instance, Cheng and Chen [80] did a study using a 
mobile application in face-to-face mode. It followed the experimental approach under-
taken in Taiwan with 90 primary school kids and discovered that mobile applications 
improved students’ health-related physical fitness. Mabrouk [19], on the other hand, 
utilized mobile applications in distant learning contexts; he performed experimental 
research among PE undergraduates in Egypt. The study demonstrated statistically sig-
nificant differences between students who used mobile applications with self-Regulated 
learning methodologies and those who did not.

Hung, et al. [81] conducted a study among 225 college students to examine the 
influence of incorporating mobile technology into badminton classes and discovered 
that it increases students’ enthusiasm and badminton abilities. In addition, Alssaid and 
his team mates [82] performed descriptive research among 450 professors from Libyan 
faculties of physical education. They discovered a greater indirect effect of mobile 
applications through the instructor’s function than its direct effect on enhancing stu-
dents’ enthusiasm to study. This study emphasizes the significance of the instructor’s 
instructional tactics and deployment of the mobile application in the learning process. 
Similarly, Dana et al. [83] did an experimental study with 68 high school students in 
Iran that demonstrated intervention-based self-determination theory in online learning 
physical education had a good effect on students’ motivation and physical activity. This 
experimental study highlighted the need of employing effective tactics in online phys-
ical education sessions to motivate students. In contrast, Vu and Lien’s [84] research 
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of 125 physical education students in Vietnam revealed that the majority of them were 
prepared for mobile learning. However, students confront obstacles such as internet 
infrastructure and they required training for online learning skills.

In conclusion, the MAAL research revealed the absence of conceptual 
frameworks [75], highlighting the necessity for a theoretical basis for employee mobile 
technology and its instructional uses. In addition, literature on the use of mobile tech-
nology in education has primarily focused on its influence on language acquisition; 
additional research is required to examine its impact in the setting of physical education.

In light of the aforementioned literature review and prior research, the conceptual 
framework of this study has been established and given in Figure 1. Although this 
study is based on the theory of self-determination, it was hypothesized that undergrad-
uates’ intrinsic motivation could be increased in BL delivery modes through the use of 
effective instructional strategies and practice (i.e., employing mobile applications) that 
support undergraduates’ basic psychological needs (i.e., Autonomy and competence), 
thereby improving their sports nutrition knowledge.

Fig. 1. Conceptual framework of the study

3 Methodology

3.1 Study design, participants, and procedures

This study utilized a quasi-experimental methodology using pre-test, post-test, and 
two-group design. As pre- and post-tests, a valid and reliable academic intrinsic moti-
vation measure and a sports nutrition knowledge exam were provided to both groups. 
50 PE undergraduates enrolling Al-Ahliyya Amman University (AAU) in Jordan during 
the second semester of the academic year 2021–2022 were included in the study. The 
administration of the university granted permission to conduct this study, and informed 
consent was obtained from all participants. They were told of the study’s objective and 
the option to discontinue participation at any moment without dropping the course. All 
individuals were eager and willing to participate in the study. Table 1 shows the char-
acteristics of the participants.
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Table 1. Characteristics of the participants (N = 50)

CG (n = 25)EG (n = 25)
ValueVariable

PFPF

68%1748%12MaleGender

32%852%13Female

32%848%12ExcellentGPA

48%1244%11Very good

20%58%2Good or less

76%1956%14FreshmanAcademic 
Level 16%436%9Sophomore

8%28%2Junior

0%00%0Senior

Note: n: number of students in the group; P: Percentage; F: Frequencies.

The school of physical education provided one BL-mode nutrition and physical 
performance course. Participants were randomly assigned to the experimental group 
(EG) n=25 and the control group (CG) n=25. The same teacher delivered the nutrition 
and physical performance course to undergraduates in both groups using BL mode 
(20% online sessions and 80% face-to-face sessions in class), undergraduates in CG 
were taught the course using conventional BL teaching. In contrast, the EG pupils uti-
lized MAAI. EG participants had a one-hour online instruction on “KI-coach” applica-
tions before the start of the trial. Before and after the nutrition and physical performance 
course teaching, both groups were evaluated on their intrinsic motivation and sports 
nutrition knowledge. The course was given by the same physical education instructor 
for fourteen weeks (42 hours) over the semester. The Independent variable of the study 
was the instructional BL approach (conventional, MAAI), whereas the dependent vari-
ables were intrinsic motivation and sports nutrition knowledge.

This BL course included both synchronous and asynchronous online lectures in 
addition to face-to-face lectures. The lecturer conducted asynchronous lessons on the 
Moodle learning management system (LMS) and synchronous lectures on the Teams 
platform. In contrast, face-to-face lectures were given in classroom settings at camps. 
During face-to-face lectures, the teacher taught students in CG and EG using the same 
manner. In the BL lectures, however, CG students were taught utilizing conventional 
BL instruction (students do traditional assignments, practice, and project using textbox 
and Microsoft word and then upload it to the university learning management system). 
While EG pupils were taught using MAAI (students do their assignments, project, and 
practice using the artificial intelligence mobile app “KI-Coach”). This was intended to 
support their learning process anytime, anyplace, and give them possibilities for self-
paced, rapid feedback learning. A “KI-coach” app is an app powered by artificial intel-
ligence that aids strength training and diet planning. It gives students an outstanding 
personal trainer who provides them with individualized workout regimens, daily goals, 
and dietary information. In addition, it addresses the learning goals of the selected 
topics with scientific nutrition knowledge and concepts, such as the identification of 
food kinds in great detail, i.e. (carbohydrates, portions, fats, mineral salts, vitamins, 
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and water). In addition, practice planning such as the creation and production of meal 
programs, and practice calculating the daily caloric needs of humans or athletes. These 
elements inspire and motivate students to use their knowledge outside of the classroom. 
In addition, it provides students with a personalized training experience, since they are 
supported in their knowledge and practice by an outstanding private coach.

3.2 Study instrument

Two instruments that had been translated from English to Arabic and reviewed and 
assessed by (10) expert specialists in Arabic and English languages, measurement and 
evaluation, psychology, and physical education from numerous universities in Jordan. 
First, both instruments were translated into Arabic since its the official language of 
Jordan. Then, their validity and reliability were confirmed by administering them to a 
pilot sample.

Intrinsic motivation scale. The data was collected using the Academic Motivation 
Scale (AMS) developed by Vallerand et al. [85], which is available at https://www.
lrcs.uqam.ca. It compromised three subscales: Intrinsic motivation, extrinsic motiva-
tion, and motivation. Researchers evaluated the intrinsic motivation levels of indi-
viduals using the Intrinsic Motivation subscale (IMS). It consisted of 12 items and 
three subscales: intrinsic motivation to know, motivation to experience stimulation, 
and intrinsic motivation to accomplish. Each scale item required respondents to assess 
questions such as “Why do you attend college?” The responders were nominated using 
a seven-point Likert scale ranging from (1) doesn’t correspond at all to (7) corresponds 
exactly. The range of intrinsic motivation scores was between (12 to 84). These scores 
represent the intrinsic academic motivation of respondents; the higher the score, the 
greater the intrinsic drive of respondents.

Several investigations validated the AMS measure’s validity and reliability [86–88, 
90, 99]. In addition, researchers in this study administered the IMS to a pilot sample 
of forty students to ensure its reliability and validity. The Cronbach alpha for IMS was 
0.95, and the Pearson’s correlation coefficients between each subscale item and the 
total IMS score were statistically significant (P<0.05) and varied from 0.37 to 0.72, 
ensuring the internal consistency of IMS. These results demonstrate that the IMS is a 
reliable and valid instrument.

Sports nutrition knowledge questionnaire. A concise Sports Nutrition Knowledge 
Questionnaire (A-SNKQ) created by Trakman et al., [91] was used to collect data. 
Researchers used the second section of the A-SNKQ, titled “sports nutrition knowl-
edge” (SNK), to evaluate students’ understanding and knowledge of sports nutrition 
(i.e., knowledge of athletes’ macronutrient and fluid requirements, weight loss and gain 
strategies for athletes, and supplementation for athletes). It consisted of 20 questions, 
nine of which were multiple-choice and eleven of which were true or false, with test 
scores ranging from 0 to 20. Previous research has confirmed the reliability SNKQ’s and 
validity [91–92]. In addition, to assure the SNK’s psychometric properties, researchers 
retrieved Cronbach’s alpha values of 0.91, indices of discriminating values over 0.22, 
and difficulty indexes ranging between (0.13–0.84). These results imply that the SNK 
measurement is reliable and an valid test for this investigation.
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3.3 Data analysis

The descriptive statistics mean (M) and standard deviation (SD) were extracted for 
the study variables. In addition, a one-way analysis of covariance (ANCOVA) was 
conducted to answer the research questions and determine whether there was a sta-
tistically significant difference between the post-test means of the research groups. 
Kolmogorov Smirnov and Levene tests were performed to verify the data’s normality 
and homogeneity as conditions to perform the ANCOVA analysis test. In addition, the 
eta square was calculated to determine the influence of the instructional approach on 
the dependent variables (intrinsic motivation and sports nutrition knowledge). All sta-
tistical analyses were carried out using SPSS package software.

4 Findings and discussion

The impact of MAAI on physical education undergraduates’ intrinsic motivation.

RQ1: Are there statistically significant differences at the significance level (α <= 0.05) 
in the development of intrinsic motivation among PE undergraduates attribut-
able to the instructional BL method (MAAI and conventional)?

To answer this question, the researchers collected the descriptive statistics M and 
DS from the participant’s IMS pre- and post-test scores, as shown in Table 2. The 
results indicated that the mean scores for both groups on the intrinsic motivation post-
test were comparable (3.75, 3.68). In addition, it demonstrated an apparent difference 
between the research groups’ intrinsic motivation post-test mean scores (EG and CG). 
The MAAI’s mean was greater. The mean post-test score for the experimental group 
was 4.41, whereas the mean score for the control group was 3.60, indicating an evident 
difference between the teaching approach and the intrinsic motivation of students in 
favor of MAAI.

Table 2. Means and standard deviations physical education undergraduates  
pre-test and post-test IMS scores

Post-testPre-test
NGroup

MSDMSD

4.410.863.750.9925EG

3.600.983.680.9625CG

4.011.03.710.9750Total

Note: N: number of participants in the group.

A one-way ANCOVA analysis was carried out to see if these apparent differences 
were statistically significant after the ANCOVA essential conditions were ensured by 
conducted normality and homogeneity tests, and the intrinsic motivation data were nor-
mally distributed and homogeneous. Additionally, the partial eta squared was extracted 
to determine the amount of variance that the instructional approaches can explain. 
The results of these experiments are shown in Table 3.
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Table 3. ANCOVA results for physical education undergraduates’ post-test IMS scores

Source of Variation Sum 
Square Df Mean 

Square F Sig (η2)

IMS Pre-test 35.565 1 35.565 304.626 .000* 0.866

Instructional Method 7.047 1 7.047 60.357 .000* 0.562

Error 5.487 47 0.117

Adjusted Total 49.253 49

Note: Sig: significant, Df: degrees of freedom, F: F-test, and η2: partial Eta square.

Table 3 Revealed significant differences (α=0.05) in IMS post-test scores between 
the study groups as the value of F (60.357). In addition, the partial eta squared reached 
0.56, indicating that instructional BL methods had a medium influence on the develop-
ment of intrinsic motivation. As indicated in Table 4, the Adjusted means and standard 
error of the IMS were computed to determine the cause of these disparities.

Table 4. Adjusted means and standard errors of of the post-test IMS scores

Group AM SE

Experimental Group 4.38 0.07

Control Group 3.36 0.07

Note: SE: Standard Error and AM: Adjusted Means.

Adjusted mean post-test IMS scores for undergraduates taught with the MAAI were 
(4.38), which is greater than those taught with the conventional method (3.36). This 
finding reveals that the adjusted means of the IMS-favored and experimental groups 
differ significantly. Undergraduates scored considerably higher on the IMS test when 
taught utilizing the MAAI method as opposed to the conventional BL approach. This 
demonstrated the effectiveness of the instructional method MAAI in fostering intrin-
sic motivation in undergraduate physical education students. This positive effect of 
employing MAAI in BL mode may be interpreted by many factors. First, the KI-coach’s 
built-in functionalities give students with options and additional educational materials 
and resources to support their autonomy (i.e., state of the art nutrition and sports per-
formance knowledge), tools for organizing strength nutrition knowledge and work-
outs, and flexible learning time. An undergraduate can choose when and where to study 
and learn; these chances to voluntarily dedicate time and effort to their education fos-
ter student autonomy [40, 93]. In addition, “KI-coach” increases the students’ sense 
of control by allowing them to personalize their fitness and establish objectives for 
their body weight, diet, and activity. This allows individuals to utilize their abilities 
and provides purposeful justifications for their learning efforts. These characteristics 
of offering alternatives, choices, flexibility in learning, and compelling rationales for 
learning activities tend to be autonomy-supportive, resulting in less controlling learn-
ers. According to STD, Autonomy supporting practice and learning environments meet 
the demand for satisfying the psychological need of autonomy [40, 45, 93].

The second “KI-coach” application is an artificial intelligence tool that delivers 
appropriate feedback to undergraduates and continuously evaluates their performance. 
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This instantaneous feedback promotes student success and beliefs of effectiveness, 
which support the need of competence [40, 93]. In addition, “KI-coach” enables under-
graduates to continue practicing until they gain the necessary skills and knowledge and 
overcome any learning difficulties or obstacles. This provides students with an excel-
lent learning experience to accomplish their learning activities (i.e., assignments and 
projects) and enables them to attain their learning objectives. In addition, this enables 
pupils to be competent since they can confront the problems of their schooling and 
learning assignments [40]. The “KI-coach” app is regarded as an elite private coach for 
seven days/24 hours who assists students in studying nutrition and sport performance 
themes that allow individualization learning and account for variances in undergradu-
ates’ learning capacities.

In addition, the “KI-coach” app provides challenging learning activities that enable 
undergraduates to practice and improve their skills and academic talents. They can 
practice diet planning, for instance, by establishing or producing meal programs and 
plans based on certain sports activities or food choices. In addition, students got sev-
eral opportunities to practice calculating the daily caloric needs of an individual or 
an athlete. These demanding learning exercises give students opportunities to test and 
enhance their academic skills, therefore meeting their psychological need of compe-
tence [40].

MAAI in BL provides an active learning environment (i.e., “KI-coach” mobile 
applications) that helps meet the competence and autonomy demands of students. 
According to SDT, the internalization process is facilitated by methods that promote 
autonomy and competence (i.e., feedback and choice). This causes the external focus 
of causality to become internal. This increases intrinsic motivation [38, 40, 94]. Under-
graduates in experimental groups taught with MAAI using “KI-coach” apps exhibited 
a greater intrinsic motivation drive to study. This positive effect of MAAI in the BL set-
ting on the intrinsic motivation of PE undergraduates is consistent with the findings of 
Mabrouk [19], who found that using the mobile application with self-Regulated learn-
ing strategies increased the motivation to learn among PE undergraduates in a distance 
learning setting. In addition, this is congruent with the findings of Hung, et al. [80], who 
discovered that integrating mobile technology into badminton lessons increased college 
students’ motivation. Also consistent with the findings of [83], intervention-based SDT 
in online PE learning had a favorable effect on student motivation.

The impact of MAAI on physical education undergraduates’ sports nutrition 
knowledge

RQ2: Are there statistically significant differences at the significance level (α <= 0.05) 
in the acquisition of Sport Nutrition Knowledge among PE undergraduates 
attributable to the instructional BL method (MAAI and conventional)?

To answer this question, descriptive data M and DS of the participant’s pre- and 
post-test scores on the SNK test were retrieved and shown in Table 5. The mean SNK 
pre-test results for both groups were nearly identical (6.68, 6.40). In addition, it demon-
strated an apparent difference between the research groups’ SNK post-test mean scores 
(EG and CG). The mean SNK post-test score for the experimental group, which was 
taught using MAAI, was 15.92, whereas the mean SNK post-test score for the control 
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group was 10.76. This substantiated an ostensible instructional method effect on the 
acquisition of Sports Nutrition Knowledge by students in favor of MAAI.

Table 5. Means and standard deviations physical education undergraduates’  
pre-test and post-test SNK scores

Post-testPre-test
NGroup

MSDMSD

15.922.276.682.1025EG

10.762.776.403.8625CG

13.343.626.543.0850Total

Note: N: number of participants in the group.

A one-way ANCOVA analysis was conducted to determine the statistical signifi-
cance of these apparent differences after the ANCOVA essential conditions were 
ensured by the conducted of the normality and homogeneity tests, and the sport nutri-
tion knowledge data were normally distributed and homogeneous In addition, the par-
tial eta square was calculated to investigate the instructional approaches’ effect size. 
The results are presented in Table 6.

Table 6. ANCOVA results for physical education undergraduates’ post-test SNK scores

Source of Variation Sum 
Square Df Mean 

Square F Sig (η2)

SNK Pre-test 11.423 1 11.423 1.808 0.185 0.037

Instructional Method 326.483 1 326.483 51.67 .000* 0.524

Error 296.977 47 6.319

Adjusted Total 641.22 49

Note: Sig: significant, Df: degrees of freedom, F: F-test, and η2: partial Eta square.

The result of F (51.76) indicated a statistically significant difference (α=0.05) 
between the SNK post-tests of the two groups. The partial eta square was 0.524, indi-
cating that 52.4% of the variation in the dependent variable (knowledge of sports nutri-
tion) was attributable to the instructional approach. To determine the origin of these 
disparities, the adjusted means and standard error of the SNK post-test scores were 
extracted and displayed in Table 7.

Table 7. Adjusted means and standard errors of of the the post-test SNK scores

Group AM SE

Experimental Group 15.90 0.5

Control Group 10.78 0.5

Note: SE: Standard Error and AM: Adjusted Means.

The post-test SNK adjusted mean for the experimental group taught using 
the MAAI (15.90) was greater than that of the control group taught using the  
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conventional method (10.78). This suggests that the mean score of undergraduates on 
the SNK test was much higher when MAAI was utilized as opposed to the usual BL 
approach. This demonstrates the effectiveness of the instructional approach MAAI in 
boosting the SNK of undergraduate physical education students. This positive impact 
on MAAI may be attributable to several factors; the “KI-coach” application provides a 
rich active learning environment that assists undergraduates in acquiring sports nutri-
tion knowledge topics by, for example, providing immediate feedback, consultation, 
state of the art resources and information, and opportunities to practice and learn at their 
own pace. These alternatives supplied to students in the experimental group enhanced 
their awareness of sports nutrition and corrected their misconceptions. In addition, the 
“KI-coach” app provides opportunities for students to engage in authentic learning 
activities, which can be achieved using technology [95–97], such as planning their diet, 
monitoring their dietary intake, and tracking their physical performance. This dynamic 
learning environment facilitates the attainment of learning objectives and enhances stu-
dent performance [98, 99].

In addition, the “KI-coach” app’s capacity to foster intrinsic motivation might play a 
crucial part in this enhancement of SNK among EG undergraduates. As a result, intrin-
sic motivation empowers and motivates undergraduates to study and accomplish their 
learning objectives where some researchers have demonstrated the effect of intrinsic 
motivation on academic achievement and performance [13, 100]. The positive impact of 
MAAI on improving SNK among PE undergraduates is consistent with the findings of 
Mabrouk’s [19] study, which employed a mobile app in a distance learning setting and 
found statistically significant differences for its use to improve PE cognitive achieve-
ment among undergraduates. Similarly, Samoggia and Riedel’s [51] study indicated 
that nutrition-focused mobile applications on nutrition increased respondents’ nutrition 
knowledge. Additionally, Cheng and Chen [80] discovered that the use of mobile appli-
cations improved students’ health-related physical fitness accomplishments. In contrast 
to research by Heikkila, et al. [52], which indicated that mobile applications did not 
increase nutrition knowledge among young endurance athletes, the results of this study 
contradict those findings and highlighted a need for further research.

5 Conclusions

In the educational literature, integrating technology into the learning and teaching 
processes has been mostly dominant. Despite this, further research is required to deter-
mine the impact of mobile applications in physical education courses. This study is one 
of the few to assess the impact of mobile application-assisted instruction on physical 
education undergraduates’ intrinsic motivation and knowledge of sports nutrition in a 
blended learning setting. The “KI-coach” app was employed as a state-of-the-art artifi-
cial intelligence mobile app in the field of strength sports science. It supports the topic 
of nutrition and physical performance course. The mobile app provides an active learn-
ing environment that gives an authentic learning experience and an environment that 
is conducive to the intended learning outcomes of the course. In addition, it provides 
students with access to a top private coach that is available anytime and everywhere.
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The results of the study indicate that mobile apps assisted instruction in blended 
learning has a strong positive effect on the intrinsic motivation and sports nutrition 
knowledge of undergraduate physical education students. MAAI creates settings that 
promote the internalization process by supporting the autonomy and competency needs 
of students. This stimulates the intrinsic motivation of pupils and increases their sport 
nutrition knowledge. Despite the small sample size, the results demonstrate the efficacy 
of mobile app-assisted instruction in enhancing students’ intrinsic motivation and sports 
nutrition knowledge acquisition. These findings should encourage decision-makers 
at higher education institutions to consider artificial intelligence-based mobile apps 
and to encourage physical education instructors to incorporate these apps into their 
BL courses and instructional practices to increase their students’ intrinsic motivation 
and sports nutrition knowledge. There is a need for more research on the influence of 
mobile app-assisted physical education instruction, particularly artificial intelligence 
applications, on the development of intrinsic motivation and sports nutrition knowl-
edge. Researchers advocate repeating the study with more samples and other variables.

Informed Consent Statement: Informed consent was obtained from all study’s 
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