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Abstract—New educational technologies in terms of robots and hypermedia 

have growing considerations in education. They have been characterized as 

promising instructional technologies to enhance learning and rapid 21st-century 

skill acquisition, which has increased the theoretical literature in educational ro-

bots (ER) and hypermedia and their practical implementation in the context of 

education. Despite the educational interest in these technologies, there are limited 

studies that have examined their effect on primary students’ acquisition of scien-

tific concepts. This study's novelty is based on integrating ER with hypermedia 

to improve the acquisition of scientific concepts. The present study aimed to in-

vestigate the impact of integrating ER with hypermedia in the acquisition of sci-

entific concepts among fifth-grade students (N = 50) utilizing a quasi-experi-

mental design with a control group (CG) and an experimental group (EG). The 

EG was taught using ERs and hypermedia, while the CG was taught using tradi-

tional instruction. Data were collected through administration of the presently 

developed scientific concept test as pretest and posttest. The findings revealed a 

significant development in the acquisition of scientific concepts among these 

fifth-grade students. These findings support that integrating ERs with hyperme-

dia positively impacts students' acquisition of scientific concepts. Education min-

istries in general and science teachers, in particular, can use these results to im-

prove opportunities for students to acquire scientific concepts. 

Keywords—Robot, hypermedia, scientific concepts, science, instruction, 

WeDo 2.0 

1 Introduction 

The educational system has witnessed rapid advancement in educational technology, 

initiating curriculum reform as traditional instruction methods have been demonstrated 

to be inadequate and inefficient [1]. Learning in the 21st century must develop and 

foster students’ skills through learning activities involving technology and digitaliza-

tion [2]. The educational sector has witnessed progress in using multimedia, hyperme-

dia, and educational robot (ER) in several disciplines. 
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ER has become an essential part of the educational curricula in many countries; the 

interest in ER is considered vital for an efficient learning process in young children as 

it prepares students for 21st-century requirements [3-5]. The integration of ERs in learn-

ing has several advantages: facilitating hands-on and minds-on activities, collaborative 

and project-based learning, making learning more enjoyable, and providing tangible 

learning materials [2], [6-7]. Hypermedia is used as an educational tool in classrooms. 

It is a mix of hypertext and multimedia technologies that provides different learning 

material representations with nonlinear navigation. Researchers have found a positive 

impact on the learning and teaching process; it has been shown to improve students’ 

understanding, problem-solving and scientific processing skills, and academic perfor-

mance [8-14]. Based on these studies, integrating ER and hypermedia in education is 

beneficial to support the learning process. 

Science education is considered an essential portion of 21st-century education [15]; 

despite this, some issues need to be considered, such as students' motivation toward 

science and their difficulty comprehending scientific concepts, especially abstract ones. 

Some studies have demonstrated that students’ misconceptions can affect their under-

standing and learning achievements [16-22]. Moreover, some countries have revealed 

a weakness among their students in science outcomes following the Program for Inter-

national Student Assessment and the Trends in International Mathematics and Science 

Study (TIMSS) [20-21]. 

In Jordan, the 2015 TIMSS results revealed weaknesses among science students, 

which fell by 23 points from 2011 to 2015 [21]. Al-Mansour [23] highlighted an urgent 

need to enhance the Jordanian science curriculum and incorporate digital skills into its 

study areas. Students to better understand science have been recommended to focus on 

scientific concepts that serve as the fundamental building blocks of scientific theories 

and permit clarifying and predicting many scientific phenomena [24]. Researchers have 

integrated technologies such as ERs and hypermedia into science learning and teaching 

processes to accomplish this. These issues highlight a particular need in Jordan for re-

search on enhancing students’ scientific concept acquisition and the impact of ER and 

hypermedia use in science education. Our literature review found no studies that spe-

cifically addressed the effect of integrated ER with hypermedia. The present study pro-

vides data about the effectiveness of integrating ER with hypermedia in the acquisition 

of scientific concepts, which adds to the literature on this issue and may encourage 

science teachers to integrate this teaching practice. 

1.1 Aim of the study 

This study aimed to investigate the effects of integrating ERs with hypermedia in the 

science curriculum to acquire scientific concepts related to motion and force by fifth-

grade students in Jordan. We sought to answer this research question: Are there statis-

tically significant differences (α = 0.05) in the acquisition of scientific concepts among 

fifth-grade students attributed to the teaching methods (traditional vs. ER with hyper-

media)? 

114 http://www.i-jim.org



Paper—The Effect of Integrating an Educational Robot with Hypermedia on Students’ Acquisition… 

2 Literature Review 

2.1 Scientific concepts acquisition process 

The concept sometimes refers to an idea held in an individual's mind [25]; it is a set 

of specific objects, symbols, or events that are grouped based on shared characteristics 

and referenced by a specific name or symbol [26]. Students have learned a concept 

when they correctly classify the class membership of the same symbol, event, or object 

[25]. More specifically, scientific concepts are considered the base structures of science 

[27]. Sufficient knowledge of scientific concepts is a vital prerequisite for solving sci-

entific problems, but many students experience great difficulty learning and acquiring 

the basic scientific concepts [24]. It is widely accepted that students in early grades 

have difficulty comprehending the concepts of force and motion [28]. 

According to Piaget’s cognitive development theory, fifth-grade students aged be-

tween 10 and 11 years represent a transitional age group located in the last portion of 

the concrete operational stage (7–11 years); in this stage, students can solve problems 

related to things that are concrete [18]. These students experience difficulty with de-

ductive reasoning and understanding and utilizing common sense, which is not yet fully 

adapted [29]. Some concepts interconnect with other concepts that make them more 

challenging to comprehend, such as the physical concept of motion [30-31]. Well, de-

sign-based learning methods facilitate student learning and understanding of discipli-

nary concept connections [33]; however, according to Piaget, instructional designers 

should provide a rich learning environment with physical experiences (e.g., hands-on 

activities and supporting materials) that serve to introduce abstract concepts through 

concrete, physical examples [34-35]. Students at the concrete operational stage require 

teaching methods and strategies that emphasize learning through visual material  where 

the problematic concept can be learned with metaphors [32-36]. Some researchers have 

developed instructional approaches such as meta conceptual teaching practices and the 

5E Learning Cycle [37-38] as they attempted to integrate technological tools that en-

hance the acquisition of scientific concepts [39-43]. Despite this work, there remains 

the need to support students in comprehending and acquiring scientific concepts. More 

research in the acquisition of scientific concepts facilitated by technological tools such 

as ERs and hypermedia is needed. 

2.2 Educational robots and science education context 

ERs have attracted the attention of teachers and researchers in various countries 

across the world and have been used as learning tools for various areas of knowledge 

such as mathematics, physics, language, programming, and music [3-4], [7], [44-46]. 

ERs have been part of the national curriculum in some countries, while other countries 

have limited robot-based curricula to robot camps, enrichment activities, or after-school 

classes [47-48]. However, robot Olympics and national and international ER competi-

tions have appeared in most countries to encourage science, technology, engineering, 
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and mathematics (STEM) learning [49]. The literature shows that ER is one of the lead-

ing emergent technologies used for teaching and learning science concepts in K–12 

classrooms [50] to prepare students for 21st-century skills and requirements [4-5], [51]. 

ER is a valuable learning tool for project-based learning in which STEM, coding, 

computational thinking, and engineering skills can be incorporated into one project. 

Such a learning experience offers students an opportunity to investigate how technol-

ogy works in a real-life context through the act of making and think deeply and apply 

the skills and knowledge learned in school in a meaningful and enjoyable way [52]. 

ERs can foster collaboration skills, problem-solving, and critical and innovative think-

ing. They can also enhance the learning experience through hands-on and mind-on 

learning; provide a fun, exciting, and engaging learning environment; and motivate stu-

dents to learn, provide opportunities to link learning with practice, develop students’ 

technological competencies, enhance student motivation to learn, encourage imagina-

tion, improve academic achievement [8], [39], [52-57]. 

Integrating ER in science education offers rich learning opportunities to engage stu-

dents in the real world, help them construct conceptual understanding, and gain a good 

understanding of the underlying concepts; integrating ER into science activities helps 

students explore new concepts [58-59]. ERs have been integrated into educational pro-

cesses based on Papert, Vygotsky, and Piaget's work to build meaningful learning ex-

periences [48]. 

Scaradozzi and colleagues [60] pointed out that the integration of an ER requires the 

simultaneous interaction of the students, the teacher, and the technology with each 

other. Additionally, they developed principles for educational robotics applications 

(ERAs), forming a general framework to guide educators and designers in the employ-

ment and evaluation of ER use in educational environments. The ERAs consist of ten 

principles distributed into three main axes: technology, student, and teacher [61]. Stu-

dents can interact, engage, motivate, and learn more about their real-world by working 

with ER; they can interact and control ER using programming languages. Some of the 

current ERs systems are BeeBot, LEGO® WeDo 2.0, Arduino®, and Edison. 

LEGO’s ER is appropriate for beginners since many students are familiar with 

LEGO from an early age. LEGO’s ER has several products targeted at preschool, ele-

mentary school, and middle schools, such as Mindstorms EV3, NXT, and WeDo 2.0. 

Visual block-based programming environments such as WeDo 2.0 and Scratch are con-

sidered suitable for young children and novice programmers [4], [62-64]. They are easy 

to learn as they permit students to test and experiment with programming structures by 

assembling pieces of code by dragging and dropping blocks onto the programming can-

vas to generate program strings. Since the combination of new interactive technologies 

and the appropriate pedagogical method facilitates students’ learning [65], teachers 

should utilize the appropriate ER and pedagogy for their targeted students. 

2.3 Hypermedia and science education context 

Hypermedia was presented in the scientific literature about 55 years ago as a combi-

nation of multimedia and hypertext technologies [66-68]. It is defined as an interactive 

software system that allows users to freely browse and navigate hyperlink information 
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utilizing user-selected, path-like, interactive websites and interactive courseware [69], 

which provides flexibility to users in nonlinear ways through link-related items [70]. 

Therefore, hypermedia merges multimedia elements to allow learners to interact with 

content and navigate through it in nonlinear paths according to their needs. Hypermedia 

has many advantages. For example, it facilitates concurrent use, easy modification and 

tracking of browsing activities, abstraction of information, simulations of real situa-

tions, ease of adding references, modularity and consistency of information, and coop-

erative work [68]. 

Hypermedia is a promising approach to knowledge transfer in the educational do-

main [71]. It has emerged in the field of education as a learning tool [72]. Hypermedia 

helps students gain not only basic knowledge but also increased understanding [73]. 

Further, it offers lower-achieving students the immediate advantage of catching up 

somewhat with higher-achieving peers [74]. In science education, hypermedia helps 

students to understand complex systems as it presents complex concepts in interactive 

simulation forms, engages and helps them to understand the concepts deeply, makes 

them the center of their learning, helps them adapt, and supports them by improving 

ideas, concepts, and feedback [11], [75-76]. Despite this, hypermedia implementation 

has faced some barriers such as disorientation, cognitive overload problems, insuffi-

cient information access, and prior user knowledge [77-80]. Accordingly, instructional 

designers and teachers should consider and address them when designing, implement-

ing, and using hypermedia learning environments. 

2.4 Previous studies 

Previous studies employing ERs in K–12 settings have addressed several variables, 

including skills, psychological variables, and academic achievement [81-87]. Studies 

support that robotics can significantly impact education and positively impact students' 

academic performance [88-90]. Sullivan and Bers [91] found that pre-kindergarten chil-

dren can learn to use ERs and mastering robot programming skills. Papadakis [64] in-

vestigated visual block-based programming environments and found that they are suit-

able for young children, help novice students generate their programs more accessibly,  

and teach programming using Scratch and App Inventor improved their performance 

on programming. Bers and Sullivan [91] discovered the efficiency of ER used for PK–

2 students; their results showed that all students could master basic robotics and pro-

gramming skills, while older students could master increasingly complex concepts us-

ing the same ER within the same amount of time. 

Baddeley [92] investigated the positive effect of ER use on students’ acquisition of 

physical concepts. Jaipal-Jamani and Angeli [93] showed that ER activity was an effi-

cient instructional strategy to enhance interest in robotics and develop science concepts 

among elementary students. Krishnamoorthy and Kapila [94] employed ERs to support 

K–12 students’ acquisition of STEM concepts and found that the ERs enhanced stu-

dents’ understandings of STEM concepts and increased their academic performance. 

Saez-Lopez and colleagues [95] explored the positive effects of ER use on sixth-grade 

elementary students’ understandings of mathematical concepts. 
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Other researchers have conducted studies that employed hypermedia in science 

classrooms to show their impact on the learning and teaching process; Marchisio [96] 

developed a hypermedia-assisted self-study system called “Del átomo al sólido” to be 

used as a teaching resource for physics curricula; students using this system showed 

increased positive attitudes and motivation. Liu [76] found that a hypermedia learning 

environment positively impacted sixth-grade students in that it increased their science-

related knowledge, intrinsic motivation, and attitudes toward science. Amin and 

Mahmud [97] developed a valid and reliable hypermedia learning instrument for phys-

ics curricula to motivate students and enhance their problem-solving skills. Bunga and 

colleagues [10] examined the effects of using a hypermedia learning instrument in 

physics curricula and found that it improved scientific processing skills. Ajlouni and 

Jaradat [8] examined the effect of a pedagogical hypermedia environment in the science 

discipline (PHFSD) among fifth-grade students and found that it enhanced the acquisi-

tion of scientific concepts. 

The results of previous studies highlight the overwhelmingly positive impact of in-

tegrating ERs in science education as well as hypermedia. In sum, technology-sup-

ported science education has been an effective way to motivate students, engage them 

in learning science, and understand its concepts. The benefits of using hypermedia in 

scientific concepts related to its capability to animate scientific processes, concrete con-

cepts, and complex systems—making it a valuable instructional tool in learning scien-

tific concepts. ERs permit hands-on experience and learning activities that support 

learning by multiple stimuli that help students remember what they have learned and 

construct their knowledge. To gain the benefits of both technologies in learning and 

teaching scientific concepts, they should be integrated. No research study to date has 

investigated the impact of integrating hypermedia with ERs on students’ acquisition of 

scientific concepts. 

3 Methodology 

The present study adopted a quasi-experimental approach with two groups—an ex-

perimental group (EG) and a control group (CG)—to obtain information about the phe-

nomenon under study. The researchers obtained approval to conduct this study from the 

Ministry of Education in Jordan, and the psychometric properties (i.e., validity and re-

liability) of the instruments and materials developed for this study were ensured. The 

school understudy was purposively selected with attention to the availability of re-

sources necessary to conduct the study, including Wi-Fi services, ER kits, an interactive 

smartboard, tablets, and more than 40 fifth-grade students. Two classes were randomly 

selected and assigned to the EG and the CG, with 25 female students assigned to each 

group. The same science teacher taught all students. The EG was taught a unit on mo-

tion and force using ERs and hypermedia, while the CG was taught the same unit using 

traditional instruction. The scientific concept test (SCT) for motion and force was de-

veloped and administrated to both groups at pretest and posttest points. The research 

design is symbolized as follows: 
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EG: O X1 O 

CG: O X2  O 

O, X1 and X2 represent the SCT, instruction involving ERs with hypermedia, and 

traditional instruction. This study's dependent variable was student acquisition of sci-

entific concepts, while the independent variables were the two teaching methods. De-

scriptive and inferential data analyses were used to analyze data collected through the 

pretest-posttest SCTs for each group. Statistical Package for the Social Sciences (SPSS) 

software was used to analyze the collected data and demonstrate the impact of ER and 

hypermedia use on students’ acquisition of scientific concepts. 

3.1 Participants and setting 

The study sample consisted of 50 fifth-grade students enrolled in the first semester 

of the 2019/2020 academic year in a private school in Amman, Jordan's capital. The 

age of the participants was between (10–11) years, and all were female. The pilot sam-

ple consisted of 45 fifth-grade students whose age was between (10–11) years at another 

private school in Amman. The CG was taught the motion and force topic of a science 

textbook for fifth-grade students using traditional instruction. Students in the CG used 

the traditional science textbook along with the worksheets that covered material from 

the textbook and science laboratory tools, such as a spring scale measure, as they coop-

eratively worked in small groups during class sessions. The science teacher in the CG 

used the interactive smartboard for writing and presented some YouTube videos related 

to the motion and force topic; the EG was taught the same topic by the same teacher 

using ERs and hypermedia as presented in Figure 1. The teacher's role was limited to 

facilitating the learning process through daily questioning, answering, discussion, and 

assistance. The topic was implemented over eight weeks, totaling 18 hours for each 

group. 

 

Fig. 1. ER and Hypermedia Instructions 
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Students in the EG used a pedagogical hypermedia environment for the scientific 

discipline (PHFSD) and ERs in their 45-minute science class; they were able to access 

PHFSD outside the classroom at any time. The science teacher used PHFSD in the 

place of traditional instructional materials. Students worked in the classroom and had 

access to tablets and ERs, and were assigned to groups to complete ER activities col-

laboratively. Before the lesson, students could access PHFSD from their homes to 

recall prerequisite knowledge from instructional videos and an instructional game. Dur-

ing class, the teacher opened a discussion on the lesson topic using an interactive Pow-

erPoint with videos embedded in the hypermedia. Then, students worked collabora-

tively in small groups to complete ER activities and related worksheets. Students could 

navigate the hypermedia for enrichment and remediation materials and assessment tools 

as needed from outside the class sessions. 

The hypermedia system used in this study, PHFSD, was developed by [31] as a 

doctoral dissertation in educational technology at the University of Jordan. The learning 

outcomes of PHFSD covered the motion and force topic for fifth-grade students. 

PHFSD was evaluated and reviewed by a panel of 11 specialists and tested on a pilot 

sample of 5 fifth-grade students; the scores for all evaluation factors were above the 

effectiveness threshold set to 80%. This shows that the PHFSD is an efficient teach-

ing and learning tool and judged valid by the specialists' panel. The pilot sample was 

taught the selected topic using PHFSD; their comments were undertaken to revise the 

tool (i.e., modify the time allocated for quizzes and provide additional pre-requested 

material) [39]. This tool was based on the fifth-grade science curriculum, constructivist 

principles, and educational hypermedia design guidelines. Hypermedia contains a set 

of educational elements related to motion and force presented in multi-representational 

formats and allows for nonlinear content navigation to accommodate students’ differing 

abilities and learning strategies [39]. It includes remedial, enrichment, and prerequisite 

material and assessment tools, such as quizzes and worksheets that students can access 

as needed. PHFSD is hosted at http://www.jsg5b.com. 

The ERs used in this study were WeDo 2.0 robot kits produced by the LEGO Edu-

cation Group. This kit is suitable for school. Each kit consisted of sorting trays, labels, 

a smart hub, a medium motor, a motion sensor, and 280 bricks. WeDo 2.0 robots are 

programmable by WeDo 2.0 software, easy-to-use software that makes coding achiev-

able for elementary students. This software was installed on the tablets that students 

used; it permitted students to create their block coding string by dragging and dropping 

the icon and then controlling the ERs. 

The ER activities were developed by [31] as products of a doctoral dissertation in 

educational technology at the University of Jordan. It was designed according to ERA 

principles. The science curriculum and constructivist activities were reviewed and ap-

proved by a panel of 14 experts specializing in educational technology, teaching sci-

ence, curricula, artificial intelligence, robotics science, and supervisors and teachers of 

science curricula. 

The ER activities were also implemented with five fifth-grade students outside the 

participant sample of the present study to ensure the appropriateness of the targeted 

audience's activities and the adequacy of the required amount of time to be spent on ER 

activities. Each ER activity consisted of learning outcomes, worksheets, manuals, and 
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reflection forms embedded in the hypermedia. Students worked in groups during the 

class sessions to build robots and program them to solve the worksheets. The students 

learned scientific concepts through these inquiry-based, hands-on activities. 

3.2 Study instrument 

The scientific concepts test was developed to collect the data necessary to reveal 

integrating ER with hypermedia on student acquisition of scientific concepts (SCT). 

This SCT assessed students’ understanding of the concepts covered in the motion and 

force unit based on (a) the literature on scientific concepts that involved a synthesis of 

existing research [25], [ 98-99 ], (b) a content analysis of the force and motion unit of a 

fifth-grade science textbook, and (c) the level of intended learning outcomes associated 

with the scientific concepts that students are expected to master in the fifth grade. The 

SCT consisted of 20 multiple-choice questions. Each question had three answer options, 

one of which was correct. The SCT scores ranged between 0 and 20, and each valid 

answer contributed one point to the overall score. The acquisition of scientific concepts 

by the students was inferred in light of the test scores. 

A panel of 20 experts ensured the content and face validity of the test from Jordanian 

universities with experience and specialization in the field of curricula, methods of 

teaching science, measurement, and evaluation, as well as several supervisors and 

teachers of science curricula from private schools and the Ministry of Education. These 

experts examined how well the questions of the SCT represented the examined theoret-

ical constructs. Specifically, they examined whether these questions matched the con-

cepts under the study's conceptual domains, their suitability for the present study, and 

the extent to which they represented the levels (i.e., definition, example and non-exam-

ple, and characteristics) of each concept. The panel of experts individually rated the 

appropriateness and clarity of each question and the three multiple-choice answer op-

tions. They were also asked to provide comments specific to the format, language, clar-

ity, and other vital elements for evaluating the proposed instrument, which would help 

teachers assess a student’s understanding and acquisition of the scientific concept. Their 

comments were used to revise the proposed instrument and generate a final version of 

SCT. 

To ensure the reliability of the SCT, its test-retest reliability was determined by ad-

ministering it to the pilot sample, which consisted of 45 fifth-grade students outside the 

study sample, and then re-administering it three weeks later. A Pearson correlation co-

efficient of 0.96 was calculated between the initial test and the retest results. The inter-

nal consistency was calculated as 0.82 using Cronbach's alpha equation. According to 

these values, the SCT has an acceptable level of reliability for this study. 

The difficulty and discrimination indices for the SCT questions were calculated us-

ing data collected from the pilot sample. The difficulty index values for 17 questions 

ranged between 0.79 and 0.31; these values were considered acceptable for this study 

as they indicated variation in the difficulty level of the SCT. Three questions (10, 14, 

& 19) were recognized as highly difficult, with difficulty indexes of 0.10, 0.13, and 

0.08, respectively. The discrimination index values ranged from 0.21 to 0.67, indicating 
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that the SCT could distinguish between the students who were able to answer the ques-

tions correctly and those who were less able. The discrimination index of the SCT was 

considered acceptable for this study as it was positive and greater than 0.20. Table 1 

shows the difficulty and differentiation index values of the SCT. According to these 

findings, the SCT is a valid and reliable instrument; it can be used to assess a student’s 

acquisition of a scientific concept. 

Table 1.  Demographic Discrimination and Difficulty Index of the SCT 

Question No Discrimination Index Difficulty Index 

1 0.32 0.90 

2 0.47 0.69 

3 0.21 0.56 

4 0.36 0.79 

5 0.24 0.54 

6 0.67 0.49 

7 0.23 0.72 

8 0.55 0.41 

9 0.58 0.46 

10 0.22 0.10 

11 0.29 0.64 

12 0.47 0.38 

13 0.33 0.51 

14 0.37 0.13 

15 0.45 0.38 

16 0.38 0.31 

17 0.57 0.46 

18 0.25 0.59 

19 0.34 0.08 

20 0.36 0.44 

3.3 Data analysis 

The researchers used descriptive and inferential data analyses using SPSS to conduct 

an ANCOVA and calculate means, standard deviations, and adjusted means to investi-

gate the effect of integrating ER with hypermedia on the acquisition of scientific con-

cepts among these primary school students in Jordan. 

4 Results and Discussion 

The students’ answers on the SCT were analyzed, and the effect of integrating ERs 

with hypermedia on students’ acquisition of the scientific concept was assessed. The 

means and standard deviations of the fifth-grade students’ pretest and posttest SCT 

scores were calculated (see Table 2). The two groups achieved similar mean scores on 

the pretest SCT, with a total M of 5.66 and an SD ranging from 2 to 72. These values 

were relatively low, indicating that the students had difficulty understanding scientific 
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concepts. This result is in line with the results of [100]. The M posttest SCT scores 

indicated that the two groups’ levels of concept acquisition differed by 4.36 in favor of 

the EG. 

Table 2.  Means and Standard Deviations of Fifth-Grade Students’ Pretest and Posttest  

SCT Scores 

Group N 
Pretest Posttest 

SD M SD M 

Experimental 25 1.29 5.60 0.89 17.28 

Control 25 1.21 5.72 2.10 12.92 

Total 50 1.24 5.66 2.72 15.10 

Note. N = number of students in the group. 

To answer the study's research question, ANCOVA was conducted to investigate 

this statistical difference; and the partial eta squared (η2) was extracted to investigate 

the magnitude of the effect of the teaching method on the acquisition of scientific con-

cepts. The results of these analyses (see Table 3) indicate a statistically significant (α = 

0.05) difference in the fifth-grade students’ posttest SCT scores between different 

teaching methods (F = 91.183, p = 0.000). Additionally, η2 reached 0.66, meaning that 

66% of the posttest SCT scores' variation can be ascribed to the teaching method's ef-

fect. To determine which group was favored by this difference, the posttest scores' ad-

justed means were calculated. The adjusted mean of the posttest SCT scores of the EG 

reached 17.29 while the CG was 12.91; both indicated a standard error of 0.32. 

Table 3.  Results of an ANCOVA of Fifth-Grade Students’ Posttest SCT Scores 

Source of Variation Sum Square Df Mean Square F Sig (η2) 

Pretest 1.684 1 1.684 0.642 0.427 0.013 

Teaching Method 239.010 1 239.010 91.183 0.000 0.660 

Error 123.196 47 2.621    

Adjusted Total 362.500 49     

Note. Sig = significant, Df = degrees of freedom, F = F-test. 

 

According to these results, ERs with hypermedia fostered better acquisition of sci-

entific concepts than traditional instruction. Specifically, force and motion included 

fundamental physics concepts such as force, frictional force, gravity, distance, kinetic 

energy, and speed. The literature provides evidence that students have difficulty com-

prehending force and motion concepts [28]. Gravity and friction are abstract concepts 

that need more examples and physical experience with touchable objects to compre-

hend. Moreover, some physics concepts have interconnections that depend on other 

foundational physics concepts, requiring students to invoke prerequisite knowledge. 

For example, the acquisition of the speed concept requires invoking both distance and 

time concepts. These interconnected and abstract concepts are considered more chal-

lenging to learn than other concepts [30-31], [101]. Hence, the acquisition of such sci-

entific concepts can be enhanced using ERs with hypermedia. 
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The acquisition of motion and force concepts starts from the image-schemas that 

convert previous experiences into abstract knowledge [40]. The PHFSD invokes the 

required schema and provides a simulation that effectively helps students build mean-

ingful connections between mental representations of force and motion. Also, ER ac-

tivities give students real-world experiences of motion and force. These demonstrated 

the enhancement of the acquisition among the EG compared to the CG. 

ERs and hypermedia provide an active learning environment rich in resources. The 

WeDo 2.0 robot kit provided students with the opportunity to implement their learning 

activities in a practical, touchable way. The hands-on ER activities engaged the students 

in their learning tasks to help them (a) express their ideas and test their solutions in a 

real-life context and (b) learn and acquire scientific concepts in a sensory manner. Spe-

cifically, the students utilized abstraction, which is appropriate to fifth-grade students’ 

cognitive abilities according to Piaget's cognitive development classifications. Sensory 

experience is necessary for students in this age group to learn abstraction [18]. 

In addition to the robot activities, the hypermedia provided multiple representations 

of students' content to suit their favored learning style. The use of hypermedia rendered 

the examples and non-examples, characteristics, and definitions of the topic concepts 

clearer and easier to understand according to the students’ differing cognitive abilities. 

The hypermedia also provided multiple ways of navigating and browsing content, thus 

supporting both dependent and independent learning styles. As it provides metaphors, 

simulations, and visual representations enable students to explore spatial perspectives 

to enhance their understanding of abstract concepts [102]. Finally, hypermedia allowed 

the students to access the course content flexibly, thus facilitating the learning process. 

The findings of this study are in line with the results of several other studies relating 

to hypermedia. First, Ajlouni and Jaradat [8] found a significant positive impact of hy-

permedia on acquiring transparent science concepts. Then, Bunga et al. [10] showed 

that hypermedia increased students’ scientific processing skills and made physics con-

tent easier to understand. Amin and Mahmud [97] found that physics content made easy 

to understand by hypermedia enhanced students’ problem-solving skills. Finally, Liu 

[76] found that a hypermedia-based learning environment increased the scientific 

knowledge of sixth-grade students. 

Previous research has indicated that ERs have positive effects on student acquisition 

of physical concepts. For example, studies by Badeleh [92], Krishnamoorthy, and Ka-

pila [94] found that ERs enhanced K–12 students’ understanding of STEM concepts 

and increased their academic performance. This is consistent with the findings of Jaipal-

Jamani and Angeli [93] on robotic activity to develop an understanding of science con-

cepts. The results of the studies above are in line with the present findings. 

This study demonstrates that the use of ER with hypermedia was favorable to the 

students by evaluating their performance through the SCT, which is reflected by as-

sessing their acquisition and understanding of the selected unit's scientific concepts. 

Accordingly, the integration of hypermedia and ERs enhanced the students’ acquisition 

of scientific concepts. 
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5 Conclusion 

Teachers can enhance the teaching and learning process by integrating pedagogical 

and technological advancements in school activities and practices. The present study 

addressed the effects of integrating ERs and hypermedia on scientific concept acquisi-

tion among fifth-grade students. The hypermedia system used in this study, called 

PHFSD, is a reliable and valid system based on the Jordanian Ministry of Education's 

science curriculum, constructivist principles, and educational hypermedia guidelines. 

This study's ER activities were based on ERA principles and evaluated by a panel of 

experts and targeted audience members [39]. 

Hypermedia provides nonlinear navigation and multi representation of course con-

tent; it flexibly facilitates self-learning opportunities because students can access hy-

permedia both inside and outside of class sessions at any time. Hypermedia allows stu-

dents to access prerequisite information, new knowledge, remediating materials, and 

enriching materials in a multi-representational format to accommodate variations in 

ability and learning style. Additionally, ER science activities provide students with the 

opportunity to engage in hands-on activities with touchable objects in cooperative 

groups, thus helping them acquire scientific concepts according to their cognitive abil-

ity in a practical social context. 

This study's findings showed that fifth-grade students taught using ERs and hyper-

media had significantly increased their knowledge of scientific concepts from pretest 

to posttest and positively impacted their acquisition of scientific concepts. This study's 

findings may encourage teachers to integrate ERs with hypermedia to increase their 

students' acquisition and understanding of specific scientific concepts. 

This study was implemented with 50 female fifth-grade students at a private school 

in Amman over 18 hours of in-class time and use of the PHFSD through the teaching 

and learning process. Despite the study sample's limitation, the findings serve as evi-

dence of the effectiveness of integrating ERs and hypermedia in improving students' 

acquisition of scientific concepts. Future studies might be designed to implement dif-

ferent samples, dependent variables, and disciplines to use other hypermedia in the 

learning process. 

The implications of this study should encourage teachers to update their practice and 

activities inside and outside the classroom through hypermedia with educational robots 

because this method facilitates the construction of innovative educational experiences 

that help in the acquisition of scientific concepts. Finally, teachers can use hypermedia 

and educational robots to create new educational virtual spaces and touchable physical 

experiences. In particular, the use of the WeDo2.0 robot with PHFSD enhanced the 

acquisition of scientific concepts in the science discipline among these fifth-grade stu-

dents. 
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