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PREFACE

Education, science, and technology disciplines are closely and extensively connected in all formats and levels. The outbreak of COVID-19 has further squeezed this interconnection where the delivery of education in different scientific fields of studies at all education levels is almost impossible without the presence of technology. Today, there is a need more than ever to explore the intersection of education, science, and technology at both administrative and classroom levels. Educational leaders and policymakers should be aware of the requirements (e.g., role of culture, educational governance) for effective teaching and learning in the post-COVID-19 era. Teachers, instructors, and researchers need to be proficient in the way to convey knowledge with effective and innovative adoption of technology (e.g., online peer feedback) to the young generation as they are called “digital natives”. This book focuses on addressing and exploring these needs and recommends solutions from multiple perspectives.

The book is divided into three sections related to studies on education, science, and technology. While each of the fist two sections includes five chapters, the last section involves four chapters. The chapters’ contributors are from the following countries: Albania, Australia, Azad Kashmir, Ghana, Indonesia, Iran, Kazakhstan, Morocco, Philippines, Singapore, the Netherlands, the USA, Tunisia, and Turkey. The diversity of the chapters from 14 different countries brings an international perspective to the book.

The first section involves five chapters on education. The first section starts with the chapter titled “Flipped learning method: a strengthening or contradiction of the educational governance principles?” by Elmaataoui Ouiam and Elkhider Abdelkader from Morocco. The flipped learning methods are today widely used in many fields. Language teaching, mathematics, and quantitative methods, IT's are among the prominent examples. The flipped learning method can take different forms based on different tools that will be provided in this chapter. In total, of the hundred or so articles identified, the authors have specifically selected
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articles in French or English relating to higher education. Research having been carried out at the primary and secondary levels was excluded. Then, the results of the analysis were translated into a narrative synthesis describing the relationship between the flipped teaching method and university governance.

The second chapter titled “Factors Influencing the Creation of Dignity Culture in Young Teachers” is written by Magdalini Vampa and Mitjana Profiri from Albania. The culture of dignity in educational institutions is essential in educating students as active and goal-oriented citizens, with high integrity, aiming towards a happy life. Human dignity still remains highly vulnerable in post-communist and totalitarian societies. Albanian society and its institutions, even after several decades, manifest the presence of cultural elements such as reminiscence in current teacher models. There were 15 purposeful selected students who were trained on the 'Model of Dignity' and made it part of classroom teaching culture during their internship in high schools. Their experience was interviewed and used in inductive conventional content analyzes.

The third chapter titled “Analysis of Elementary Curriculum with Reference to National Qualification Framework” by Tahzeeb Mahreen from Azad Kashmir is conducted with faculty members from the selected institutes which turned out 42 in number. Coding agenda and questionnaire were used as research instruments. The validity of the tools was evaluated and confirmed by referring to the experts. Participants rated all the problems very high which show a significant gap in the delivery of communication and social competence. The highest rated problem was ‘lack of audio- visual aids’ whereas the second highest rated problem was ‘Insufficient funds for ICT material’. Majority of the faculty suggested three measures as most effective for the incorporation of communication and social competence which were ‘collaborative ventures between universities’, ‘use of student -oriented approaches’, and ‘continuous professional development of teachers’.

The next chapter titled “Exploring the Nature and Effects of Cross – Age Peer Tutoring on Primary School Pupils' Reading Competence and Self-esteem” by Ebrahim Talaee, Azad Mohammadi, and Golrokh Bararpour from Iran. The authors report the nature and effects of cross – age peer tutoring on primary school students’ reading competence and self -esteem. The conlusions are made based a conceptual analysis of the nature of peer tutoring and its theoretical foundations including psychological, social and neuroscientific perspectives and
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an empirical study of fourth graders who do the tutoring for the second graders in reading. The authors state that peer tutoring program increases primary school students’ reading fluency and comprehension, and self-esteem.

The last chapter of the first section includes a chapter titled “Combining Teaching for and through Entrepreneurship and Interaction between Developed Skills” by Chaker Hajer and Dellagi Hatem from Tunisia. This chapter describes the impact of combining two entrepreneurship teaching methods on developing students’ entrepreneurial skills. The authors state that entrepreneurial intention is supposed to depend on students’ creativity which depends on three variables: teaching methods, managing ambiguity, and core self - evaluation. Core self-evaluation depends not only on entrepreneurial attitude but also on entrepreneurial knowledge which depends on financial literacy and develops entrepreneurial mindset.

The second section involves five chapters on science. The first chapter of this section is titled “Trends in Calculus-Based Mathematics in the New Senior Secondary Queensland Certificate of Education” Musarurwa David Chinofunga, Philemon Chigeza, and Subhashni Taylor from Australia. In this work, Quantitative methods were applied to analyse student participation using data from the Queensland Curriculum and Assessment Authority (QCAA), Socio-Economic Indexes for Areas (SEIFA) from the Australian Bureau of Statistics (ABS); schools’ Index of Community Socio-Educational Advantage (ICSEA) values from the Australian Curriculum, Assessment and Reporting Authority (ACARA); and schools transfer ratings from the Department of Education (DoE). Trends show that the SEIFA Indexes, schools’ ICSEA Indexes, schools transfer ratings positively correlate with student dropouts. Targeted support for schools located in low socioeconomic areas and having high transfer ratings is significant to promote the uptake and continued participation in calculus-based mathematics.

Another study titled “Development and Validation of Academic Hardiness Questionnaire in Learning Chemistry during COVID-19 Pandemic using Rasch Model” by Ifan Rivaldo, Hari Sutrisno, and Alusti Cundo Manik from Indonesia developed a questionnaire in learning chemistry. The researchers implemented the Rasch model to determine the quality of psychometric scale for the reliability of measurements, item fit statistics, use of rating scale, and Differential Item Functioning (DIF). It is stated that Likert rank scale functioned well and
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free from disordered threshold and DIF by gender is not detected or negligible for all items.

In this section, the study titled “History of Mathematics and Students’ Performance in Mathematics: The Mediating Effect of Mathematics Study Interest” by Yarhands Dissou Arthur and Bright Asare from Ghana followed a survey approach, and the relationship between mathematics history and students’ performance in mathematics was ascertained using statistical modeling. Some empirical studies in the past have been conducted on the use of mathematics history as a pedagogy tool. However, most of these studies have been exploratory in nature, with limited attention on how it directly affects students’ performance. It is recommended that the history of mathematics as a pedagogical tool should be inculcated in the senior high schools. Thus, teacher trainees at the various tertiary institutions should be equipped with the required knowledge on the histories behind the various concepts taught in mathematics.

The chapter titled “Integrating Community Leadership and Social Innovation in the University Curriculum: A CLASIC Approach” by Intan Azura Mokhtar, Wei Ming Dan Chia, Nguan Hwee Steven Tay, Oran Zane Devilly, and Yaacob Ibrahim from Singapore focus on the educational goals of the Singapore Institute of Technology and the pedagogical approaches and initiatives it adopts in developing and nurturing students to be both industry-ready and socially aware and attuned. The authors mention the social innovation projects undertaken by the faculty and students, curated by the Community Leadership and Social Innovation Centre (CLASIC) in the University.

In their chapter titled “Scientific Production and Science Policy in Kazakhstan: A Survey Study”, Diana Amirbekova, Meruyert Kussaiyn, and Timur Narbaev from Kazakhstan examine the current characteristics (stagnant financing of academic research and qualified researchers), problems (bureaucracy, lack of international collaboration, and the English language barrier in publication writing), and opportunities (growing research internships and the recent changes toward a comprehensive scheme of science financing) for conducting research in higher education institutions. The issues mentioned in this chapter can be helpful for researchers and policymakers in higher education in other countries.

The last section involves four chapters on technology. The chapter titled “Sentiments Analysis on Limited Face-to-Face of College Students in the New Normal” by Kathryn P.
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Acosta and Thelma D. Palaoag from Philippines report the results of a sentiment analysis to investigate students’ views and ideas in the resumption of the limited face-to-face classes. The researchers used Rule Induction as a text analyzer for sentiment analysis. In the study, a positive polarity of the students’ sentiments is found in the resumption of limited face-to-face classes. The study endorses adopting limited face-to-face classes for an effective learning method to ensure quality education.

In this section, the next chapter titled “The Comparative Effects of Technology and Hands-On Modeling on High School Students’ Performance in a Biology Classroom” by Kimesha Brooks and Emily Surber from the USA explain three interventions used to determine which intervention yielded the highest post-test scores in the biology classes. The interventions were delivered within a six-week timeframe using the 5E method of instruction throughout the unit. Students completed pre- and post-tests to measure content retention following the unit lessons. Students were also recorded for on-task behaviors during the instruction. It is reported that a hands-on modeling with supplemental technology was most effective in improving students’ performance.

The chapter titled “The Relationship between Students’ Satisfaction and Motivation and their Perceived Learning Outcome in an Online Peer Feedback Module” by Marzieh Parvaneh Akhteh from Turkey, Mohammadreza Farrokhnia, Seyyed Kazem Banihashem, and Omid Noroozi from the Netherlands explores students' satisfaction and motivation when engaging with online peer feedback activity and the relationships between students' satisfaction and motivation and their perceived learning in the context of argumentative essay writing. The results show that high satisfaction and motivation among students concerning the designed online peer feedback module exist and students with high motivation and satisfaction perceive a high level of learning when engaging with online peer feedback.

The last chapter titled “Assessment in Students’ Performance and Behavior towards the Use of Online Platform through Data Analysis” by Lenigrace L. Mecias and Thelma D. Palaoag from Philippines report the impact of online learning on high school students’ performance and attitudes during the pandemic. It is clear that the COVID-19 pandemic forced educational sectors to facilitate digital learning modalities. Upgrading the pedagogical approaches in all institutions to adapt online platform will sustain the lifelong learning among high school students. Online distance learning opens a massive opportunity to extend the learning
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competencies through the use of online platforms and enable the students achieve their academic performances.

In the end, we would like to thank all the authors for their contribtuion to this book and other influential people who helped us bring this book to life. We hope that this book will be useful for the readers and will contribute to advancement of the field of education, science, and technology.

Omid Noroozi & Ismail Sahin

The editors
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Chapter 7 - Development and Validation of Academic Hardiness Questionnaire in Learning Chemistry during COVID-19 Pandemic using Rasch Model
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Chapter Highlights

· The existence of COVID-19 pandemic shifts the face-to-face chemistry learning process into long-distance learning which makes students need to have academic hardiness which is proven by their personality trait along with certain strategies to spare themselves from psychological stress and academic stress.
· An academic hardiness questionnaire in learning chemistry was developed, which consists of 12 items in Indonesian language.
· The Rasch model was implemented to determine the quality of psychometric scale, which includes reliability of measurements, item fit statistics, use of rating scale, and Differential Item Functioning (DIF).
· The result showed that the Rasch model conformed to the data (item-person reliability > 0.8). 10 items from the instruments have fulfilled statistical criteria indices in terms of infit and outfit mean square as all item-point measure correlation coefficient is above 0.3.
· The results indicate that the questionnaire is valid and could be used for further studies to measure academic chemistry hardiness in students.
Development and Validation of Academic Hardiness Questionnaire in Learning Chemistry during COVID-19 Pandemic using Rasch Model


Introduction

In the Indonesian 2013 curriculum, chemistry is part of a science subject in which students will learn what matters composed of, its characteristics, even how chemical reaction processes take place (Brady, 2009:23). At the same time, chemistry also became one of the subjects which perceived as abstract and hard to mastered, which led to “concern feeling” from students to learn it (Zammiluni, 2018). Moreover, there is a misleading stereotype toward chemistry in public and students, which makes them perceived it as something hard and dangerous to learn for (Salta et al., 2012; Ardura & Pe´rez-Bitria´n, 2018). Based on other studies, most students also shown their disinterest toward science subjects such as chemistry, due to a lot of topics priorly perceived as hard and abstract to learn to (Sitepu, 2016; Refriwati, 2015). This paradigm and difficulties also worsened by the implementation of long-distance-learning due to COVID-19 pandemic (Akerson & Carter, 2021; Altawalbeh

· Al-Ajlouni, 2022; Atilgan & Tukel, 2021; Canese et al., 2022; Ghosh et al., 2022; Hebebci et al., 2020; Hebebci, 2021; Hu & Huang, 2022; Jackowicz & Sahin, 2021; Kara, 2021;

Kibici & Sarıkaya, 2021; Kibici, 2021; Kilincer, 2021; Van der Spoel et al., 2020; Maksum

· Purwanto, 2022; Paudel, 2021; Xhelili et al., 2021). As for 26 March 2020, UNESCO confirmed that up to 1.52 billion students from 165 countries, including Indonesia, implemented long-distance-learning (UNESCO, 2020). The implementation of long-distance-learning is identically related with online learning, which is carried out by utilising information technology tools (Aimiuwu, 2022; Atak et al., 2022; Dankers et al., 2022; El-aasar & Farghali, 2022; Sahin & Shelley, 2020; Sarikaya, 2021; Taghizade et al., 2020). To deliver information using technology smoothly, the Indonesian government has prepared virtual infrastructures to support this implementation (Churiyah et al., 2020). This fact confirmed by a statement from Hamid on the official page of Indonesian Ministry of Education and Culture, which stated that there are 23 webpages which could benefit students

as source of learning, such as “Study House (Rumah Belajar)”, “TV Education (TV Education)”, and many others (Kemendikbud, 2020). However, due to the implementation of long-distance-learning, Indonesian Child Protection Commission (Komisi Perlindungan Anak Indonesia) saw an increase of reports received from parents that reported their children suffered stress due to excessive tasks administered by their teachers (CNN Indonesia, 2020).

Students need to have a persistent attitude in learning activities, whether at the school, or long-distance at the house, in order to achieve conducive and comfortable learning
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circumstances, at the same time will be able to achieve designated objectives. As an attitude and a strategy, hardiness could ease individuals, by changing a stressful situation into a chance for students to grow, then turn it into an advantage (Maddi, 2013). A resistible individual has the capability to protect themselves from psychological stress, and could suppress it, even though it could serve as a disadvantage for themselves (Skomorovsky & Sudom, 2011). These research findings showed that the most common trigger for stressful situations for students are the fear of failure (Gibbons, 2015; Kamtsios & Karagiannopoulou, 2015). These findings were also strengthened by the PISA report back in 2018, which exposed that around 59% of students agreed or very agreed that the failure which they faced raises fears toward how others viewed them (OECD, 2019). Hence why, students need to have strong academic hardiness, thereby allowing them to grow their potential better, which will lead them to achieve fruitfulness in their study.

Sarafino and Smith (2012) expressed that hardiness is a personality trait which will give the person the ability to show a positive image toward unpleasant events, which will not cause stress in them. A study by Gardner (1999) showed that students who have hardiness as one of their characteristics, will be reflected through their balance of emotional, spiritual, physical, and interpersonal relationship, as well as their professional life. On the other hand, students who have low hardiness will tend to find it difficult to get out of stressful situations, feeling left out, powerless, even threatened (Benishek et al., 2005). Other studies also showed that students with high hardiness have commitment for their academic activities by controlling their performance and academic result, by using their tasks as a challenge as well as a chance to study more (Benishek & Lopez, 2001; Creed et al., 2013).

Dimatteo and Martin (2002), then Sarafino and Smith (2012) voiced out that academic hardiness consists of three aspects, which is Commitment, Control, and Challenge. Benishek

· Lopez (2001), Maddi (2006), Kamtsios (2013), and Abdollahi et al., (2020) also agreed with that statement. However, previous studies have not been able to expose the academic hardiness during long-distance-learning, e.g., in the COVID-19 pandemic era. Aside, there were no studies yet that is focusing toward academic hardiness in chemistry learning activities, thus, there is need to develop an academic hardiness instrument which can be used

to measure how far students’ personalities or characteristics to commit, to control themselves, and to resist from various challenges during long-distance learning (online) in this pandemic era.
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The Item Response Theory (IRT) concept was introduced for the first time by Frederic Lord (Lord, 1952). IRT includes mathematics modelling theory which is used to explore construct validity and reliability of the questionnaire. The Rasch model is the most common applied model by referring to relations of items’ difficulties and respondents’ abilities (Spinou et al., 2017). The Rasch model is considered as an effective and modern approach to measure validity and reliability with new scales to be used in various scientific fields (Assanovich, 2012). Analysis using Rasch model mostly has been used to find out psychometric properties of measurement instrument scale, e.g., “The Self -Efficacy Teaching and Knowledge Instrument for Science Teachers'' (Pruski et al., 2017), “Quality of Teacher Success Questionnaire” (Tabatabaee-Yazdi, 2018), “Evaluating the Quality of Teaching for Students’ Creativity” (Bui, 2020), and other relevant studies which indicate Rasch model implementation and its trend among the researchers.

Method

Measurement

Our study used qualitative and quantitative methods. Qualitative method includes synthesis of the instrument which was done by modifying instrument by developing previously developed instruments by Maddi (2016) and Kamtsios (2013). Our instrument was specifically used to measure students’ academic hardiness in learning chemistry during long-distance learning. The developed instrument consists of 12 items with five-point likert scale (Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree) with three dimensions or aspect, which is “Commitment” (4 item: KA53, KA54, KA55, & KA56), “Control” (4 item: KA57, KA58, KA59, & KA60), and “Challenge” (4 item: KA61, KA62, KA63, & KA64).

Furthermore, we also implemented a qualitative method to validate the instrument based on consultation with two experts regarding the developed instrument. In this step, we revised the questionnaire by changing three items into negative statements in each aspect, so the questionnaire consists of nine positive statements and three positive statements (KA54, KA58, and KA64). For example, item KA54 stated that “obtaining good grades in chemistry subject is not my highest priority for me to fight for”. The existence of negative items meant to reduce bias in the measurement, due to the tendency of a person to quickly agree to an agreement without understanding the contents or filling it with a certain response pattern


170

Studies on Education, Science, and Technology 2022


(Podsakoff, MacKenzie, Lee, & Podsakoff, 2003). Also, these negative items could contribute toward the validity of the measurement by broadening how respondents think individually and setting up their mindset regarding the studied construct (Weijters & Baumgartner, 2012).

On the other hand, for the quantitative method, we implemented Rasch analysis to analyse the obtained data. Then, to analyse psychometric quality of the instrument, which consist of reliability of measurements, item fit statistics (Infit and Outfit values, and Point -Measure Correlation Coefficient (PTMEA Corr), use of response category, dan Differential Item Functioning (DIF), we used WINSTEPS® Rasch software (version 3.73) (Linacre, 2009).

Participants

To apprehend the respondents’ perspective toward our developed instrument, we gathered 247 senior high school students from four schools in Padang. They consist of 78 male and 169 female, ranging from 10th until 12th grade, and their prospect after graduation which could be seen in Table 1.

Table 1. Demographic Profile of Respondents


	
	Category
	Frequency
	Percentage

	
	
	
	

	School
	Public
	181
	73

	
	Independent
	66
	27

	Gender
	Male
	78
	32

	
	Female
	169
	68

	Grade
	10th
	145
	59

	
	11th
	20
	8

	
	12th
	82
	33

	Prospect After
	Continue Study to College
	228
	92

	Graduate
	Work
	19
	8

	
	
	
	


We collected the responses via an online survey through Google Forms. We disseminated the link toward the online questionnaire through chemistry subject teachers in schools which then disseminated again to all respondents. Respondents then filled the forms voluntarily without any compulsion from us as researchers, nor the teachers.
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Results

From the collected data, we determine psychometric quality of the instrument using the Rasch model, which consists of reliability, use of response category, item fit statistics, and Differential Item Functioning (DIF). Summary of overall instrument quality, and the correlation between person and item, can be seen on Table 2.

Table 2. Summary Statistics of Person and Items


Quantity
Logit Mean Score
Separation
Reliability
Cronbach’s α

	
	(N)
	(Standard
	
	
	

	
	
	Deviation)
	
	
	

	
	
	
	
	
	

	Person
	247
	0.72 (0.90)
	1.71
	0.74
	0.79

	Item
	12
	0.00 (0.33)
	4.24
	0.95
	

	
	
	
	
	
	


Based on Table 2, it could be inferred that logit mean score in person was positive (0.72), with standard deviation 0.90. This means that respondents have abilities above the average of the item's difficulties. On the other hand, the logit mean score for the item was 0.00, with standard deviation 0.33, which indicates that the item has standard difficulties. From the same table, we could see that the reliability in person was 0.78 which could be categorised as “fair”, whereas in an item scored as 0.95 which could be categorised into excellent. In the Rasch model, reliability scores range from 0 until 1. There are various categories to interpret these scores, where below 0.5 as unacceptable reliability; 0.5 to 0.67 as poor; 0.67 to 0.80 as fair; 0.81 to 0.90 as good; 0.91 to 0.94 as very good; and the last one is more than 0.94 as excellent (Fisher, 2004). The reliability score also can be seen from Cronbach’s α score, which scored as 0.79, and could be categorised as good.

Next, for separation score, we could see the score in person was 1.71 which could be categorised as poor, whereas in item was 4.24 which could be categorised as very good (Fisher, 2004). These scores indicated that the items in the instrument could differentiated or grouped our respondents based on their level of academic hardiness in learning chemistry. On the other hand, a 1.71 score in person (could be rounded as 2), means that respondents included in our study were heterogeneous (comes from two groups with different academic hardiness).
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Then, the result for item fit statistics could be seen in Table 3. The table gives some overview regarding the estimation of difficulties (measure or logit value), the standard error of the item difficulty measures or the precise level (Standard Error Measurement), and the conformity of each item in the academic hardiness questionnaire. The result showed that item KA54 (logit 0.57) is the hardest one to be agreed by respondents, and KA64 (logit 0.35) is the easiest one. The accuracy level for each item was 0.07 (except KA53, which was 0.08).

Table 3. Item Fit Statistics


	
	No
	Item
	Measure
	Standard
	Infit
	Outfit
	Point Measure

	
	
	Code
	(Logit
	Error
	MNSQ
	MNSQ
	Correlation

	
	
	
	Value)
	Measurement
	
	
	Coefficient

	
	
	
	
	
	
	
	

	
	1
	KA53
	-0.41
	0.08
	0.63
	0.61
	0.66

	
	2
	KA54
	0.57
	0.07
	1.82
	1.95
	0.27

	
	3
	KA55
	-0.01
	0.07
	0.78
	0.80
	0.61

	
	4
	KA56
	-0.15
	0.07
	1.14
	1.18
	0.49

	
	5
	KA57
	-0.48
	0.08
	0.90
	0.92
	0.58

	
	6
	KA58
	0.56
	0.07
	1.33
	1.41
	0.38

	
	7
	KA59
	-0.18
	0.07
	0.73
	0.74
	0.60

	
	8
	KA60
	-0.18
	0.07
	0.76
	0.75
	0.61

	
	9
	KA61
	0.06
	0.07
	0.84
	0.87
	0.60

	
	10
	KA62
	0.11
	0.07
	0.73
	0.76
	0.59

	
	11
	KA63
	-0.26
	0.07
	0.71
	0.74
	0.63

	
	12
	KA64
	0.35
	0.07
	1.54
	1.70
	0.36

	
	
	
	
	
	
	
	


For fit or misfit items, Infit and Outfit Mean Square (MNSQ) value is one of the most important statistical indicators which are able to identify the fit of the model accurately. An acceptable range for MSNQ score is from 0.5 to 1.5 (Meyer, 2014). Table 3 showed that two out of 10 items, which is KA54 and KA64 were in the unacceptable score range, with an infit MNSQ score 1.82 and 1.54 respectively, then the outfit one was 1.95 and 1.70. Another indicator which could be used to determine the conformity is Point Measure Correlation Coefficient which estimates the polarity of items, which ranges from 0.3 to 0.8 as acceptable score range. This is due to the availability of some items which could measure some items as a good indicator (Allen, 2001). The result showed that KA54 was in 0.27, which means it’s in
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the unacceptable score range. On the other hand, item KA53 is the one with the highest polarity, but still included in the acceptable range.

Next, the result from the usage of a five-scale rating response shown in Table 4. Category 5, 4, and 3, easily agreed by most respondents, with 26%, 28%, and 32%, respectively. On the other hand, for category 2 and 1, only a small percentage of respondents filled it, which was 8% and 5%. These results indicate that it’s probably better to merge both categories into one, so in the end there is only a four-scale rating.

Table 4. Statistics from the Use of Five-scale Rating Response


	
	Category
	Data
	Frequency
	Observed
	Infit
	Outfit
	Andrich
	Category

	
	
	Category
	(%)
	Average
	MNSQ
	MNSQ
	Threshold
	Measure

	
	
	Count Used
	
	
	
	
	Measure
	

	
	
	
	
	
	
	
	
	

	
	1: Strongly
	148
	5
	0.08
	1.46
	1.66
	None
	-2.32

	
	Disagree
	
	
	
	
	
	
	

	
	2: Disagree
	228
	8
	0.06
	1.07
	1.10
	-0.59
	-1.09

	
	3: Neutral
	963
	32
	0.21
	0.75
	0.73
	-1.26
	-0.11

	
	4: Agree
	843
	28
	0.77
	0.89
	0.84
	0.69
	1.04

	
	5: Strongly
	782
	26
	1.42
	0.90
	0.94
	1.15
	2.57

	
	Agree
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Infit MNSQ score is an indicator for use of response category, with acceptable score ranging from 0.75 to 1.46. Aside, for Outfit MNSQ, category 1 score was 1.66, which means it passed the threshold, which ideally should be 1.0, where score above 1.5 is considered as problematic (Linacre, 2009a). These results proved that all scale categories are acceptable or functionally well in terms of determining how respondents agreed based on their academic hardiness, except for category 1 (strongly disagree).

In the observed measure score, the result didn’t increase consistently from category 1 to 5, which was 0.08, 0.06, 0.21, 0.77 and 1.42, respectively. The presence of inverted scores (up and down) showed that respondents felt confused in agreeing with the given questionnaire. This statement goes along with the result on the score in the Andrich Threshold Measure column. Andrich Threshold Measure portrayed the probability points between two categories
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which previously closed on rating scale (such as 2 and 3, 3 and 4, and so on). Due to that, in category 1, the Andrich Threshold Measure score is unknown (none). The obtained score showed the inaccuracy of Andrich Threshold score, where the increasing of scores is inconsistent along with the increasing number of categories on the rating scale, respectively (-0.59, -1.26, 0.69, 1.15). This statement is also proved by an illustration on Figure 1, all categories have their peak, and each are placed apart from each other on the curve, even though category 2 have relatively low peaks.


Figure 1. Probabilities Curve for Categories Used in the Instrument

Nevertheless, based on the measurement which proved by the “category measure” column, the rating scale category has functioned well to group our respondents based on their academic hardiness level. This score could be interpreted as the respondents with low academic hardiness (-2.32) will tend to choose category 1 (Strongly Disagree). Contrary, respondents with high academic hardiness (3.12) will choose category 5 (Strongly Agree).

Figure 2 showed wright map of items and people which portrayed the correlation between items' difficulty level to be agreed with the respondents’ ability. Item number KA54 and KA58 (logit 0.57 and 0.56, respectively) was the most d ifficult item or hard to agree for. However, these items couldn’t measure how respondents with academic hardiness level
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above both items (from 162P, 198P) till some students with highest academic hardiness (which is 043P, 054P, and 230P) (with same logit, 4.90), which ended up causing separation person score (see Table 2) considered as “poor”. Furthermore, item KA57 (logit -0.48) is considered as the item with the lowest difficulties or easiest to agree for. However, this item couldn’t reach 8 students with lower academic hardiness level, such as 037P (logit -0.68), 166P (logit -0.85), till 089P (logit-1.21). All of these items could be interpreted as “good”, because each is still inside the standard deviation limit (between two T symbols).


Figure 2. Wright Map of Academic Hardiness Measurement
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Lastly, we also analysed Differential Item Functioning (DIF), to see whether there could be differences of responses between subgroups individually with certain similarity, such as gender (males and females), which will impact the end result (Holland & Weiner, 1993). DIF is an additional aspect from the conformity with Rasch model, which is probably going to affect the unidimensionality and validity by comparing data between subgroups through bias scale score (Andrich, 1988; Borsboom, 2006). DIF could be measured by comparing item responses function between groups of people in the sample inside the measured construct (Hagquist & Andrich, 2004). In our study, DIF analysis was done by grouping the respondents by their gender, which is males and females of senior high school students, which then later will be analysed whether there is bias of the items used in the academic hardiness instrument, based on their perception.

The DIF analysis result can be seen on Table 5.

Table 5. Differential Item Functioning (DIF) Analysis between Both Gender of Academic Hardiness Items


	No
	Item
	Person
	DIF
	Person
	DIF
	DIF
	Probability

	
	Code
	Class
	Measure
	Class
	Measure
	Contrast
	

	
	
	
	
	
	
	
	

	1
	KA53
	L
	-0.41
	P
	-0.41
	0.00
	1.000

	2
	KA54
	L
	0.71
	P
	0.51
	0.20
	0.1649

	3
	KA55
	L
	-0.06
	P
	0.02
	-0.09
	0.5734

	4
	KA56
	L
	-0.05
	P
	-0.20
	0.15
	0.3309

	5
	KA57
	L
	-0.51
	P
	-0.48
	-0.03
	0.8458

	6
	KA58
	L
	0.56
	P
	0.56
	0.00
	1.000

	7
	KA59
	L
	-0.24
	P
	-0.16
	-0.08
	0.6080

	8
	KA60
	L
	-0.14
	P
	-0.20
	0.06
	0.7168

	9
	KA61
	L
	0.06
	P
	0.06
	0.00
	1.000

	10
	KA62
	L
	-0.02
	P
	0.18
	-0.20
	0.1942

	11
	KA63
	L
	-0.29
	P
	-0.26
	-0.02
	0.8886

	12
	KA64
	L
	0.38
	P
	0.35
	0.02
	0.8761

	
	
	
	
	
	
	
	


The DIF measure column showed the difficulty levels in each group. For example, item KA53 is considered to have the same difficulty to be agreed by both groups (male and


177

Development and Validation of Academic Hardiness Questionnaire in Learning Chemistry during COVID-19 Pandemic using Rasch Model


female, each with similar score, -0.41), so both groups would not differ on the DIF contrast score. The index bias item categories include “Large” (logit > 0.64), “Moderate” (logit ranging from 0.43 – 0.64), and “Negligible” (logit < 0.43) (Zwick, 2012). This means that all items from KA53 to KA64 are not affected or could be interpreted as “Negligible” in index bias item categories, based on these two gender groups.

Item bias could also be seen through the probability score, whereas the items with score more than 0.05 means it would not have significant differences between male and female groups. Contrary, if the score is below 0.05, this means there are significant differences between both groups, which also means that there is item bias based on gender. Based on our obtained data, it could be inferred that there is item bias on the analysed item, as the lowest probabilities was 0.1649 on item KA54, and the highest was 1.0 on item KA53, KA58, and KA61.

Discussion

The developed questionnaire of academic hardiness in learning chemistry has 12 items based on three academic hardiness aspects, which is “Commitment”, “Control”, and “Challenges”. All aspects are closely related with academic hardiness (Sarafino & Smith, 2012), so it was chosen as the component or basic aspect to develop items for the instrument.

“Commitment” could be interpreted as someone’s mindset regarding their goals and involvement toward certain planned activities. Four items (KA53 to KA56) are items that were developed to describe students’ commitment in learning chemistry. For instance, item KA53 stated that “I do my best in learning chemistry subject to obtain higher scores than my classmates”. “Control” is someone’s belief toward their own capabilities to control their activities. The next four items (KA57 to KA60) developed to describe how students’ behaviour control themselves as a proof of their academic hardiness. For example, item KA59 stated that “I do my tasks/homeworks and study diligently to avoid shameful feelings when I obtained a low score in chemistry subject”. Lastly, “Challenge” could be interpreted as how someone perceives change in something could mean as a chance which could benefit them instead. The last four items (KA61 to KA64) showed that Challenge, as in this aspect should be made as a chance to grow by students. For example, item KA63 stated that “Failure in chemistry subject test doesn’t make me feel blue, instead it makes me study more diligently than before”.
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In terms of construct, items in the developed instrument assessed as “good”, which proven by the instrument’s reliability result (see Table 2) which could be interpreted into category “excellent” (scored 0.95), and Cronbach’s α which could be interpreted into category “good” (scored 0.79). These results indicated that there is similarity between this two-reliability measurement method toward Rasch analysis which generally portrayed the interaction between the person and the items of the academic hardiness instrument. Even though the person's reliability in the measurement result is not in the same category, both scores could be categorised into “fair” (scored 0.74) (Fisher, 2014). These differences could be anticipated by eliminating misfit respondents by observing the output person fit, which will increase the person's reliability, as the outlier data has been removed from the measurement.

Next, two out of 12 items based on the statistical item fit (see Table 3) must be removed or eliminated. Both items do not fulfil the acceptance threshold for infit and outfit of MNSQ, and one of the items (KA54) could not fulfil the acceptance threshold for item polarity (Bond, Yan, & Heene, 2020). These conditions make item KA54 could not measure the hardiness well of similar statements compared to other items (Allen, 2001). Both removed items were negative items, KA54 which stated “Obtaining good grades in chemistry subject is not my high priority to fight for”, and KA64 which stated “Obtained low scores in chemistry subject test will break my spirit to study for the upcoming test”. These probably happened due to the tendency of respondent who’s inconsistent when the instrument consists of negative and positive items (Colosi, 2005) and the respondents is not careful enough when trying to understanding the differences of meaning between both statement (Sonderen, Sanderman, & Coyne, 2013; Roszkowski & Soven, 2010).

To determine the use of response categories from our rating scale, two categories, which are Category 1 (Strongly Disagree) and Category 2 (Disagree), probably would be better if merged up into one category. Each category was only agreed by a small portion of respondents, which is 5% and 8%. Other than that, the outfit MNSQ score for Category 1 is above acceptance score range, which is 1.66 (Linacre, 2009a). To solve this problem, it’s possible to reduce the other option from the problematic category (Van Zile-Tamsen, 2017).

From DIF analysis of the instrument, it could be inferred that there was no item bias to measure the academic hardiness between male and female students. Even though male percentage (32%) and female (68%) less balance than how it should be (Table 1), but the
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result showed a good item quality, hence the items did not seem to be bias into either gender, or at least there were no differences in the response between male and female students regarding the measurement of academic hardiness in learning chemistry.

Even though our study obtained good results, it still has few limitations which could be fixed in the future. The number of respondents is relatively small compared to others. Other than that, not-so-balance of the total respondents from each school (public and independent school).

Even if the DIF interpretation didn’t see any item bias from the result, we think there is some need to have a balance or equality on including respondents with different genders. Based on Herrera and Gómez (2008), the imbalance of total sample between both groups will affect the DIF accuracy in determining item bias. Moreover, survey method which carried out online, quite limiting our observation and monitoring to control how serious the respondents, along with ensuring the given instruction has been understood by all respondents during the period of “filling the questionnaire”, even if this method could have more flexibility to respondents as there were no pressure when the researchers were present near them.

Conclusion

In our study, we have developed an academic hardiness questionnaire in the chemistry learning process, in likert scale form with five categories. The instrument was valid in terms of contents based on expert’s correction, also empirically through trials, which then analysed using Rasch model. The carried-out measurement was suitable with Rasch model theory, which includes reliability, separation, and strata statistics of questionnaire, use of response category from rating scale, polarity of item point-measure correlation coefficient, infit and outfit values, and Differential Item Functioning (DIF) of instrument. The result also showed that 10 out of 12 items from the instrument was really suitable with Rasch model requirements, and can be used to measure academic hardiness in the chemistry learning process of senior high school students.

Recommendations

This study has produced  an academic hardiness questionnaire which is valid empirically.
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Hopefully, the instrument could be useful for the upcoming studies to measure students’ academic hardiness in the chemistry learning process during this pandemic era, by simplifying the previous scale categories from five into four categories. Also, it’s possible that the upcoming studies could re-test our available instrument, using different methods, such as paper based with the same or different respondents.

Notes

This study is part of research that is funded by Lembaga Pengelola Dana Pendidikan (LPDP) from the Ministry of Finance Republic Indonesia (Kementerian Keuangan Republik Indonesia) as scholarship giver.
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Figure 5. Histogram of Current Research Level
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Figure 6. Normal Probability Plot of Research Level

The survey results showed that the current state of conducting research and publishing articles in Kazakhstan is on the average level (Appendix). Almost all participants equally assessed the impact of COVID-19 on research and publication activities. COVID-19 had a moderate impact on scientists’ research and publication activities. Most experts believe that conducting research in Kazakhstan requires the organization of a scientific system by the state and state funding of scientific research. Respondents rated the level of state support for Kazakh scientists in collaboration with foreign scientists as an average. The main factors which motivate them to publish in local and foreign journals (indexed in the Scopus and WoS databases) are the fulfillment of their annual work plan, obtaining the title of associate professor/professor, and the possibility of participating in grant funding. It shows that the reason for publishing in local and foreign journals is the same for most of the respondents.
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Main Problems of Doing Research (Block 2 Questions)

The questions in this block of our questionnaire are targeted to understand the researchers’ opinions on the existing problems of doing research. As the literature shows, some barriers to doing research in higher education also can affect the research performance (Borg & Alshumaimeri, 2012; Xu, 2014; Yuan & Lee, 2014). Such kinds of barriers were identified in this part of the survey. This section consisted of 9 questions that helped identify researchers’ main issues in conducting scientific research. It included factors that negatively impact the research grant application stage, research project execution stage, research activities during COVID-19, collaboration with foreign researchers to conduct research, and the problems associated with publishing in different local and international journals. The sample of these questions is listed below:


	Problems during the preparatory stage of the research
	
	

	projects grant application
	
	
	
	
	
	

	bureaucracy (paperwork)
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Figure 7. Problems during the Preparatory Stage of the Project Grant Application


Problems during the execution of the research projects

style (organization) of work (distribution of responsibilities and risks, compliance with agreed deadlines, etc.) with foreign scientists/universities
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Figure 8. Problems during the Execution of the Projects


230

Studies on Education, Science, and Technology 2022


Problems associated with publishing papers in local journals

	lack of knowledge of the academic language for publication
	5

	long term review
	8

	bureaucratization of article submission
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	publication queue
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Figure 9. Problems associated with Publishing Papers in Local Journals


	Problems associated with publishing in international journals
	
	

	high level of peer review (quality, rigidity of selection)
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Figure 10. Problems associated with Publishing in International Journals

According to survey results, the most critical problem during the preparatory stage of the research project grant application is bureaucracy (Figure 7). It shows that our researchers tend not to apply for grants or get involved in activities related to grant funding because of the paperwork. Twenty-one respondents mentioned that the current level of funding is low. The main problem during the execution of a research project is the language barrier when working with international researchers (Figure 8). Respondents mentioned that lack of knowledge in their field (30 respondents) and lack of experience (22 respondents) are barriers that affect the successful implementation of projects. The rest of the responses answered that work style and approach (distribution of responsibilities and risks, compliance with agreed deadlines, etc.) with foreign scientists/universities make it difficult to run the research projects. Half of the respondents mentioned a long queue in publishing research work in scientific journals as one of the critical problems in publishing their works. Some respondents answered that the
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bureaucratization of the article submission and long review process also created problems when preparing articles in such journals. The survey results are shown in Figure 9 and Figure

10. This part  of  the research identifies the main issues that negatively impact scientists’

research activities in Kazakhstan.

Main Opportunities for Doing Research (Block 3 Questions)

This section of the survey described respondents’ opinions on research and scientific productivity opportunities in Kazakhstan. It helped to identify the main ways to develop the research in Kazakhstan. This block consisted of four questions to describe the steps needed to solve the problems or difficulties associated with conducting research in the country. The results are presented below:


Measures to solve problems related to publishing papers in Scopus and WoS journals

access to grant funding

trainings, master classes from foreign publishers

free access to databases

availability of information about journals
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Figure 11. Measures to Solve Problems related to Publishing Papers in Scopus and WoS Journals


Measures to boost the quality of research by scientists in Kazakhstan

	support/management of scientific research in the field by your employer
	7

	collaboration with foreign scientists
	10

	trainings and master classes for scientists
	14
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Figure 12. Measures to Boost the Quality of Research by Scientists in Kazakhstan
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Measures to boost the development of research and publication activity in Kazakhstan

	greater involvement of scientists in councils / bodies for the support and
	3

	development of science
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Figure 13. Measures to Boost the Development of Research and Publication Activity in Kazakhstan

Many respondents indicated the availability of information about journals as a solution to publishing in high-level international journals. Thirty respondents identified that free access to databases would allow researchers to publish in Scopus and WoS indexed journals. Other measures to solve problems related to publishing papers in such journals were training, masterclasses from foreign publishers, and access to grant funding (Figure 11). As shown in Figure 12, 81 survey participants answered that the increase in funding could help improve the quality of research conducted by local scientists. The remaining minority of participants answered that training and master classes for scientists (14 responses), collaboration with foreign scientists (10 responses), and the support of university management (7 responses) would also help to improve the quality of research. The survey results (Figure 13) showed that most respondents believe that increased funding for science (92 respondents) can accelerate the development of research and publication activities in Kazakhstan. Twenty respondents answered that the availability of foreign internships for Kazakh scientists also positively affects their research and publication activity development.

Discussion

The survey findings indicate major characteristics, problems, and opportunities for conducting research in Kazakhstan. Among others, we found consistency in answers related to conducting research and publishing papers, scientific funding, and the effect of COVID-19 on publication and research activities. This suggests that the overall experience of scientists in HEI is similar, despite the geographic location in the country, research area, and age.
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The survey results related to the existing problems (Block 2 questions) suggest that bureaucracy and a low level of funding are considered major problems during the preparatory stage of the grant application. Although, during execution, internal problems of a research group are indicated, such as language barrier when working with international partners and lack of knowledge in research fields. This suggests that problems could be divided into two categories when conducting research. First, those related to the external environment are mostly related to funding availability and the application process. And those issues related to the internal environment might negatively affect a research team’s experience when applying for grants. The results also suggest problems related to the publication process in local and international journals, such as the peer-review and publication queue.

The analysis of the responses to the Block 3 questions suggests that the HEI environment is the main factor in providing better opportunities for scientific productivity in Kazakhstan. The availability of information from journals, free access to databases, training, and masterclasses from foreign publishers are considered the internal environment in HEI and a measure to solve problems related to publishing papers in Scopus and WoS indexed journals. Increased funding, training, masterclasses for scientists, and collaboration with foreign researchers are among the most critical opportunities for local researchers to produce higher-quality research works. Among external measures to help improve the scientific production in the country is greater involvement of scientists in official councils and bodies related to science and the availability of foreign internships for Kazakhstan scientists.

Overall, we note that the findings of our survey can help design science policies and improve the research environment in HEI in Kazakhstan. Joint activities of HEI and the government could provide opportunities for scientists to conduct high-quality research, participate in international research grants, and cooperate with international researchers. The biggest challenge that we found is a creation of a comprehensive system that would stimulate and support the overall development of research in the country.

Conclusion

Research activities of faculty members play a vital role in higher education and its development. In this paper, using a questionnaire, we analyzed the current characteristics of, problems, and opportunities for doing research by local researchers in Kazakhstan. We
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conducted a structured survey involving 117 respondents from HEI . We found a few characteristics that explained the local researchers’ opinions on performing research activities. They are the organization of a scientific system by the government and the funding of scientific research, which the researchers noted as the main factors in boosting their research capacity. Also, they rated the level of government support in collaboration with foreign scientists as crucial.

Among the revealed problems of doing research was the paperwork in preparing research proposals for funding and the existing low level of funding. Also, the respondents noted the financing of foreign researchers’ involvement and the process of contracting them as one of the crucial issues. In addition, most of the researchers noted that when publishing articles both in local and international journals, they experienced long peer-review and publication queues. Among potential opportunities were free access to databases, masterclasses from foreign publishers, and access to grant funding to publish in Scopus and WoS indexed journals. It was noted that the increase in funding helped to improve the quality of ongoing research in Kazakhstan. The respondents noted that the increased funding and foreign internships would contribute to the development of international collaboration and would accelerate the development of their research and publication activities.

Recommendations

The findings of our study will be helpful for the local and international research community. The findings and implications from this study can be helpful for researchers and policymakers in higher education and science in emerging countries that face similar challenges in boosting their scientific production. Among suggested future research are the comparative analysis with other emerging countries (benchmarking), in-depth interviews with the government representatives to understand the support of science from the top-down, and investigation of the contributions of research institutions under the Academy of Sciences (in addition to HEI) to the overall scientific production of the country.
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Figure 1. The Current State of Conducting Research and Publishing Papers in Kazakhstan
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Figure 2. Evaluate the Level of Research Funding
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Figure 3. The Impact of COVID-19 on Research Activities
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The impact of Covid-19 on publishing activities
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Figure 4. The Impact of COVID-19 on Publishing Activities
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Chapter Highlights

· The need to calibrate distance learning to limited face-to-face in the new normal due to the inadequate implementation of online learning is crucial. Such seamless shift needs sentiment analysis to analyze students’ views and ideas in the resumption of the limited face-to-face classes.
· This research aims to investigate and predict the students’ sentiments of the college students of Colegio de San Juan de Letran-Manaoag on the limited face-to-face classes in the new normal using the different machine learning algorithms and determined student perceptions for an effective way of learning.
· Based on the results of the comparative study among the text analyzers such as Random Forest, Lazy k-NN and Rule Induction which identified the appropriate algorithm model being used is the Rule Induction for sentiment analysis in the preprocessing and testing of the prediction which yielded an accuracy and F-Measure of 100% on the college students.
· The study recommends adopting limited face-to-face classes for an efficient and effective learning method to ensure quality education to the learners.
The Role of Educational Technology in the COVID -19 Pandemic


Introduction

The COVID-19 pandemic has wreaked havoc on education around the world. Students and teachers have faced challenges and are unfamiliar with the abrupt shift to a new educational system as a result of the use of online learning. (Gopal et al., 2021). Nevertheless, students perceived online learning as traumatic and prejudicing their well-being and community life (Chakraborty et al., 2021). The students are more seemingly to interact face-to-face with instructors (Aguilera, 2020). Furthermore, practical courses should be delivered face-to-face to provide the greatest teaching approaches in analyzing and leading students (Almahasee et al., 2021). Students who are accustomed to face-to-face learning and then enroll in online learning experience high levels of negative emotions, such as fear, wrath, or inefficacy (Gherheș et al., 2021).

As a result, recent research studies have found that students perform much better in online learning than in traditional classroom settings.(Gopal et al., 2021). Other research highlighted outcomes that are reluctant to one type of learning over another, but prefer a combination of both(Alsaaty et al., 2016). As a result, the Commission on Higher Education (CHED) has issued Joint Memorandum Circular (JMC) No. 2021 – 004, Guidelines for Gradual Reopening of Campuses of Higher Education Institutions for Limited Face-to-Face Classes During the COVID-19 Pandemic (HEIs) intended to hold limited face-to-face classes during the COVID-19 outbreak and are willing to take on the responsibility for campus re-openings dependent on HEI's capacity to follow health and safety regulations, offer resources, and gain stakeholder support.

Thus, the Colegio de San Juan de Letran-Manaoag anticipates the resumption of the limited face-to-face classes of college students. Hence, this research aims to investigate and predict the sentiments of the college students of Colegio de San Juan de Letran-Manaoag on the limited face-to-face classes in the new normal. Sentiments Analysis (SA) or Opinion mining is a method for tracking people's mood about any specific topic by evaluation (Aung & Myo, 2017). Sentiment analysis is well-known, considering its effectiveness (Tran et al., 2022).

With the integration of sentiment analysis, the sentiment of words stated in text reviews is measured and analyzed (Tian et al., 2021). Sentiment analysis is encompassed in Natural Language Processing classification, a study designed to investigate and distinguish the
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unknown pattern included in text information (Kanugrahan & Wicaksono, 2021). Furthermore, sentiment analysis techniques are employed to classify positive and negative emotions expressed by students in their responses. (Aung & Myo, 2017).

Sentiment analysis of evaluations is an actual common approach. Taking analyses has developed as time went by (Gupte et al., 2014). Sentiment analysis can also be executed by analyzing numerous data patterns of views or opinions by generating conclusions from several current opinions (Bahrawi, 2019).

In particular, the objectives of Sentiment Analysis are to obtain thoughts from reviews and then categorize these feelings determined by polarity (Elmurngi & Gherbi, 2017). The sentiment is usually can be categorized into two types (positive and negative classes) or three types positive, negative, and neutral classes (Mariel et al., 2018). A variety of algorithms are used in sentiment analysis to produce precise and pertinent output (Monreal et al., 2021).

The effectiveness of sentiment analysis of all the academic information across various sources can help produce better-informed policies, thus developing holistically to the betterment of education (Archana & Kishore, 2017). Hence, the primary objective of this research is to do sentiment analysis on the limited face-to-face classes of Colegio de San Juan de Letran-Manaoag college students in the New Normal. Based on the classifiers, this research determined the college students’ sentiments accuracy regarding the positive, negative, and neutral using machine learning algorithms and by means of getting sentiment scores on students’ sentiments. Moreover, this research will also help identify the college students’ perceptions of an effective way of learning in implementing the limited face-to-face classes using machine learning algorithms and sentiment analysis on students’ sentiments.

Method

This research study used three (3) approaches 1) Data Collection, 2) Data Preprocessing, and

3) Text and Lexical Analysis on student sentiments. Text Mining was used to recognize the key attributes, which extracts and interprets the keywords based on the negative and positive

review frequency (Dina, 2020). The feedback of students’ evaluation consists of quantitative and qualitative data gathered by two question forms; close-ended questions gathered the quantitative data as multiple choices, and open-ended questions collected the qualitative data
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as feedback and recommendations from students’ sentiments in text format (Aung & Myo, 2017).

Practical Sentiment analysis conjugates highly efficient and accurate methods that are required for the estimation of the parameters of the models. Thus, using the Machine learning (ML) Approach, which is a type of artificial intelligence (AI) that allows software applications to be revamped into more precise prediction outcomes. The researchers used a variety of machine learning algorithms, including the Random Forest, k-Nearest Neighbor, and Rule Induction, to anticipate the predictors' accuracy.

Data Collection

Mixed methods were used in the study to collect various students’ sentiments. Furthermore, the qualitative and quantitative data used open-ended questions. Online survey questionnaires using google forms were conducted to the two hundred eighty-five (285) college students. As course demographics show in Figure 1, there are ninety-seven (97) BSIT, eighty-four (84) BSBA, seventy-five (75) BSED, twenty-five (25) BEED, and four(4) BSCS college students from Colegio de San Juan de Letran Manaoag. Thus, the dataset was downloaded in .csv format enabling further data exploration to determine the polarity of happy, neutral, and negative student feelings.


Figure 1. Course Demographics (Data Preprocessing of Students’ Sentiments)

The researchers used Data Analysis Tools such as Excel, RStudio, and RapidMiner in the text preprocessing. Machine Learning Tools used are RapidMiner and RStudio in preprocessing, classification, clustering, managing, and visualization. In determining students’ sentiments, the preprocessing is a very significant classification algorithm model that is well-built and is
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more precise(Bahrawi, 2019). The following processes were done using the sentiment analysis template. Moreover, as shown in Figure 2, the data preprocessing, were importing of the dataset from the local repository to validate the students’ sentiment prediction, was done.

Then next is to set up the role operator where the sentiments attribute was selected. In addition, using the nominal to text operator is used to change the nominal attribute to text. Afterwards, the document processing from data by selecting the term frequency-inverse document frequency (TF-IDF), which contains tokenize operator, that is used to split the text of a document into a sequence of tokens, and also used the cases operator where all characters to either lowercase or uppercase are converted.

Then, the filter stopwords are applied to remove every token which are the same to the built - in stopwords list. Lastly, it proceeded with the cross-validation to apply algorithm models to validate the students’ sentiments and the performance operator to show the accuracy of the students’ sentiments. The following metrics were used for calculation on the text classifiers.


Figure 2. Data Preprocessing

The number of cases predicted positively divided by the total number of instances is used to calculate accuracy. This indicates that the accuracy is the proportion of correctly predicted classes among all classes. Accuracy = ((True Positive + True Negative) / (P + N))*100.

Precision

Precision is the accurateness or exactness of truly classified class, therefore known as positive predictive value. It is the proportion of instances that truly have class x / Total classified as
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class x. In summary, it is the number of chosen items that were associated. Precision = ( True Positive / (True Positive + False Positive))*100.

Recall

Recall gives a sensitivity of problem and it process values or product quantity or completeness. It returned most relevant and part of the documents that are relevant as result from the query. Succinctly, it is the number of associated objects that were chosen. Recall = (True Positive / (True Positive + False Negative))*100

True Positive

True positive are positive tuples that were accurately labeled by the classifier. It is the proportion categorized as class x / Actual total in class x. True Positive rate = (True Positive / (True Positive + False Negative))*100.

False Positive

False positive is incorrectly predicted compared to original results. False Positive rate = (False Positive / (False Positive + True Negative))*100. Lastly, the F-Measure classified as (2*Precision*Recall / (Precision+ Recall))*100.

Text and Lexical Analysis on the Students’ Sentiments Prediction

For a thorough text analysis of student sentiments, the researcher utilized the RapidMiner, a user-friendly integrated environment with a wide range of applications, a machine learning platform, and prediction analysis of the students’ sentiments. The overall classifiers are calculated by taking the average of all the metrics from all the classes (Puyalnithi et al., 2016). On the students' attitudes dataset, the researchers employed the classifiers of the three machine learning methods, Random Forest, Lazy k-NN, and Rule Induction, to discover the optimum precision.

Figure 3 significantly illustrates the cross-validation of the dataset using Random Forest, Lazy k-NN, and Rule Induction algorithm models to apply build, and test the model to
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validate the performance on the polarity of positive, neutral, and negative students’ sentiments. In addition, Sentimentr was used to assess the students' sentiments and detect sentiment. The element id parameter of the sentiment function was used to identify the id number of the given sentiments.

The word count is the total number of words in the review. The standard deviation of the sentiment score of the sentences in the review is indicated by the sd. In addition, there is an aggregated sentiment function that shows the sentiment scores of the sentences in the review.

Students' sentiments per sentence were obtained using the sentiment function. Furthermore, the sentiment function was used to aggregate sentiment scores to display the polarity of negative, neutral, and positive students' sentiments. More specifically, the National Research Council (NRC) emotion lexicon was employed which revealed the eight emotions utilizing the tidytext and syuzhet packages in Rstudio (anger, fear, anticipation, trust, surprise, sadness, joy, and disgust).


Figure 3. Algorithm Models

Results

The purpose of this research was to investigate and predict the sentiments of the college students of Colegio de San Juan de Letran-Manaoag on the limited face-to-face classes in the new normal and help identify student perceptions for an effective way of learning. A comparative study was conducted using the various classification algorithm models, in particular, the Random Forest, Lazy k-NN, and the Induction Rule models were applied in
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processing, training, testing, and evaluating the prediction of the students’ sentiments. To further meet the research objectives, the RapidMiner was used to identify the polarity of positive, neutral and negative sentiments. As illustrated in Figure 4, the extracted students' sentiments dataset was cleaned in Excel using the filter, replace, trim, lower, and countif functions, and then interpreted using Azure machine learning, and the dataset was loaded into RapidMiner. Whereas Figure 5 determined the students’ sentiments polarity using RapidMiner, there were two hundred eighty-five (285) respondents, two hundred forty-seven

(247) have positive sentiments, nineteen (19) negative sentiments, and nineteen (19) neutral sentiments.


Figure 4. Extracted Students’ Sentiments Dataset


Figure 5. Students' Sentiments Polarity

Algorithm Model Classifiers

The Random Forest Classifiers, Lazy-kNN and the Rule Induction where the classification techniques were used in identifying the sentiments’ of the dataset.
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Random Forest Classifier

The random forest technique is regarded as one of the most effective classification model algorithms for accurately categorizing vast amounts of data (Al Amrani et al., 2018). The Random Forests technique is one of the best classification algorithm models for accurately classifying large amounts of data (Puyalnithi et al., 2016). Moreover, Figure 6 illustrates the Random Forest Performance Vector, and the result attained an accuracy of 86.66%. There are two hundred forty-seven (247) true positive, nineteen (19) true neutral, and 19 true negative students’ sentiments.


Figure 6. Random Forest Performance Vector

Furthermore, the class precision was 86.67 percent on positive and 0 on both positive and neutral. In addition, the class recall of true positive is 100% and 0% of both true neutral and true negative. As shown in Figure 7 depicts Random Forest Confidence 15 sample data out of 285 students, the total confidence attained in positive students’ sentiments total min value is 0.606, the max value is equal to 0.929 and an average of 0.895.


Figure 7. Random Forest Confidence
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Lazy k-NN Classifier

The Lazy k-Nearest Neighbor is the simplest yet powerful classifier algorithm. The Lazy k-

AN predicts a class label based on the majority of votes of the Neighbours (Bhatt & Ashraf, 2021). The Lazy k-NN Algorithm is based on feature similarity. Furthermore, Figure 8

illustrates the results of using Lazy k-NN to count students' sentiments, with 285 most positive students' sentiments and 0 on both least negative and neutral sentiments. Moreover, Figure 9 depicts the Lazy k-NN Performance Vector. The results obtained an accuracy of 87.35%, and there are two hundred forty-six (246) true positive, nineteen (19) true neutral, and sixteen (16) of true negative polarity of students’ sentiments.


Figure 8. Lazy kNN Count Prediction

There is eighty-seven point fifty-four percent (87.54%) pred. positive, one hundred percent (100%) pred. negative, and zero (0) pred neutral sentiments. In addition, the results in class recall result in true positive is 99.60%, 0% in true neutral, and true negative is 15.79%. Moreover, Figure 10 illustrates the total confidence using the Lazy k-NN is 0.5 positive min value, the max value is equal to 1, and an average of 0.960 positive and neutral.


Figure 9. Lazy k-NN Performace Vector
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Figure 10. Lazy k-NN Confidence

Rule Induction Classifier

Moreover, Rule Induction (RI) is a method used for inevitably making rules from a set of samples(Asghar et al., 2018). The Rule Induction method was also utilized to investigate a trimmed set of rules relating to the information obtained from the given dataset, with the Random Forest and Lazy k-NN methods performing better as shown in Figure 11, the Rule Induction Performance Vector. The result shows a significant performance achieving one hundred percent (100%) accuracy than Random Forest and Lazy k-NN achieving an accuracy of 100%, there are two hundred forty-seven (247) true positive, nineteen (19) true neutral, and nineteen (19) true negative polarity of students’ sentiments.


Figure 11. Rule Induction Vector Performance

The class precision revealed 100% on prediction positive, prediction neutral and prediction negative. Subsequently, 100% is attained in class recall in the true positive, true neutral, and true negative. In addition, Figure 12 shows the total confidence precision of positive min value is 0, the max value is equal to 1, and an average of 0.867 in the students’ sentiments.


251

The Role of Educational Technology in the COVID -19 Pandemic


Figure 12. Rule Induction Confidence

Summary of the Accuracy on the Methods used for Sentiments Analysis

As a result of comparing the three text analyses, the performance precision and accuracy for positive, neutral, and negative sentiment analysis is achieved. As shown in Table 1, the Rule Induction outperformed with the highest prediction accuracy of 100%. In comparison, the Lazy k-NN obtained 87.35% accuracy, which is moderately better than Random Forest with an accuracy of 86.66%. The Random Forest classifier revealed the Precision of 86.67, Recall 100, F-Measure of 0.928591 and Class polarity of Positive.

Summary of the Accuracy on the Methods used for Sentiments Analysis

Moreover, the Lazy k-NN depicted 87.54, recall of 99.60, F-Measure is 0.931814 and Class polarity of positive. Furthermore, the last classifier shown 100 precision, 100 recall, F-Measure of 1 class polarity. The results revealed students’ preferred positive response from the students’ sentiments on the resumption of face-to-face in the new normal.

Table 1. Comparison of Classifiers


	
	Classifier
	Precision
	Recall
	F-Measure
	Sentiment

	
	
	
	
	
	

	
	Random Forest
	86.67
	100
	0.928591
	Positive

	
	Lazy kNN
	87.54
	99.60
	0.931814
	Positive

	
	Induction Rule
	100
	100
	1
	Positive
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Text and Lexical Analysis

Lexical text analysis was used to recognize and extract subjective information in the students’ sentiments using the tidyverse and syuzhet packages as shown in Figure 13. The top five highest students’ sentiments word frequency excited has 82 words, happy hold 77 words, face contains 72 words, glad consists of 48 words, and classes holds 24 words. While Figure 14 illustrated the barplot which revealed the eight emotions (anger, fear, anticipation, trust, surprise, sadness, joy, and disgust).


Figure 13. Word Frequency


Figure 14. Students’ Sentiments Emotions

The most crucial stage in this analysis is to determine whether the presented text is positive,
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negative, or neutral in terms of polarity. The researchers randomly selected 10 students’ sentiments per course and aggregated sentiments score sentiments less than zero is negative, 0 is neutral, and greater than zero positive polarity using sentiment function that revealed the negative, neutral and positive students’ sentiments polarity. As shown in Table 2 the 10 BEED students’ sentiment score, the sentence number 4 has the maximum wordcount of 4 and got the highest sentiment score of 0.87500000 which has a positive students’ sentiments.

Table 2. BEED Students’ Sentiment Score


	
	Student
	
	Word
	Sentiment
	

	
	Sentiments
	element_id
	count
	Score
	Polarity

	
	
	
	
	
	

	
	1
	1
	1
	0.75000000
	Positive

	
	2
	2
	3
	0.43301270
	Positive

	
	3
	3
	7
	0.28347335
	Positive

	
	4
	4
	4
	0.87500000
	Positive

	
	5
	5
	10
	-0.01581139
	Negative

	
	6
	6
	13
	0.20801257
	Positive

	
	7
	7
	9
	0.25000000
	Positive

	
	8
	8
	12
	0.21650635
	Positive

	
	9
	9
	26
	0.03922323
	Positive

	
	10
	10
	109
	0.68773964
	Positive

	
	
	
	
	
	


As shown in Table 3 the 10 BSIT students’ sentiment score, the sentence number 1 has the maximum wordcount of 3, and got the highest average sentiment with a score of 0.8660254 which has a positive students’ sentiments. Table 4 shows the 10 BSED students’ sentiments score, the sentence number 1 has the maximum wordcount of 3, and got the highest average sentiment with a score of 0.72168784 which has a positive students’ sentiments.

As illustrated in Table 5, the 10 BSBA students’ sentiment score, the sentence number 3 has the maximum wordcount of 14 and got the highest sentiment score of 0.86602540 which has a positive students’ sentiments and Table 6 shows the 4 BSCS students’ sentiment score, the sentence number 3 has the maximum wordcount of 1, and got the highest sentiment score of 0.750000 which has a positive students’ sentiments.
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Table 3. BSIT Students’ Sentiment Score

	
	Student
	
	Word
	
	Polarity

	
	Sentiments
	element_id
	count
	Sentiment Score
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	1
	1
	3
	0.8660254
	Positive

	
	2
	2
	4
	0.4000000
	Positive

	
	3
	3
	6
	0.3061862
	Positive

	
	4
	4
	6
	0.3061862
	Positive

	
	5
	5
	9
	0.1666667
	Positive

	
	6
	6
	9
	0.3500000
	Positive

	
	7
	7
	10
	0.2371708
	Positive

	
	8
	8
	26
	0.5765814
	Positive

	
	9
	9
	27
	0.3733532
	Positive

	
	10
	10
	18
	0.5161880
	Positive

	
	
	
	
	
	


Table 4. BSED Sentiments Score

	
	
	
	Student
	
	Word
	
	Polarity

	
	
	
	Sentiments
	element_id
	count
	Sentiment Score
	
	

	
	
	
	
	
	
	
	
	

	
	1
	1
	3
	0.7216878
	Positive

	
	2
	2
	12
	0.4474465
	Positive

	
	3
	3
	14
	0.4543441
	Positive

	
	4
	4
	14
	0.5853021
	Positive

	
	5
	5
	24
	0.3572173
	Positive

	
	6
	6
	29
	0.0278543
	Positive

	
	7
	7
	34
	0.6225399
	Positive

	
	8
	8
	37
	-0.200000
	Negative

	
	9
	9
	44
	1.7110769
	Positive

	
	10
	10
	54
	0.5021454
	Positive

	
	
	
	
	
	
	

	
	
	
	
	Table 5. BSBA Sentiments Score
	
	

	
	
	
	
	
	
	
	

	
	
	
	Student
	
	Word
	
	Polarity
	

	
	
	
	Sentiments
	element_id
	count
	Sentiment Score
	
	

	
	
	
	
	
	
	

	
	
	
	1
	1
	2
	-0.53033009
	Negative
	

	
	2
	2
	3
	0.43301270
	Positive

	
	3
	3
	3
	0.86602540
	Positive

	
	4
	4
	5
	0.06708204
	Positive

	
	5
	5
	9
	0.25000000
	Positive

	
	6
	6
	10
	0.38333333
	Positive

	
	7
	7
	14
	0.10690450
	Positive

	
	8
	8
	11
	0.48241815
	Positive

	
	9
	9
	19
	0.117855113
	Positive

	
	10
	10
	28
	0.14173668
	Positive
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Table 6. BSCS Sentiments Score


	
	Student Sentiments
	Element id
	Word count
	Sentiment Score
	Polarity

	
	
	
	
	
	

	
	1
	1
	3
	0.4330127
	Positive

	
	2
	2
	1
	0.7500000
	Positive

	
	3
	3
	6
	0.3061862
	Positive

	
	4
	4
	16
	0.5875000
	Positive

	
	
	
	
	
	


WordCloud

Moreover, word cloud is used to summarize the data from the students’ sentiments as shown in Figure 15, the corpus codes. Whereas, Figure 16 illustrates the WordCloud of data visualization of the extracted in RStudio using 387 words from students’ sentiments, corpus is also applied to transform the text tolowercase, stripwhitespaces, remove numbers, and remove stopwords in the dataset in RStudio codes.


Figure 15. Corpus Codes


Figure 16. Students' Sentiments WordCloud
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Conlusions

The results of the study obtained the polarity of the students’ sentiments using RapidMiner having two hundred eighty-five (285) respondents, two hundred forty-seven (247) have positive sentiments, nineteen (19) negative sentiments, and nineteen (19) neutral sentiments. The study has shown the students’ sentiments prediction of two hundred eighty-five (285) positive both on Random Forest and Lazy k-NN while the sentiments prediction of Rule Induction has two hundred forty-seven (247), nineteen (19) neutral. Hence, testing and validation using the three models, specifically the Random Forest, Lazy k-NN, and the Rule Induction revealed the polarity of true positive, true negative, and true neutral sentiment results.

The classifiers have generated each classifier performance vector. The Rule Induction classifier method is the most excellent algorithm model in sentiment analysis which obtained 100% high accuracy performance and F-measure compared to the Random Forest classifier revealed the Precision of 86.67, Recall 100, F-Measure of 0.928591 and Class polarity of Positive. Moreover, the Lazy kNN depicted 87.54, recall of 99.60, F-Measure is 0.931814 and Class polarity of positive. Furthermore, the student perception based on the students’ sentiments revealed positive results per course. The study has proven that there is a need to calibrate and gear up the implementation of the limited face-to-face classes in Colegio de San Juan de Letran-Manaoag.

In conclusion, the sentiments analysis has evaluated the positive polarity of the students’ sentiments after a thorough exploratory data analysis is done. A comparative study among various algorithm classifiers is performed and determining the polarity of the students’ sentiments. This study has achieved its objectives, which determined a significant results in predicting the accuracy and F-Measure of positive, neutral, and negative students’ sentiments using the machine learning algorithms, the Random Forest, Lazy kNN, and the Rule Induction. The study also identified that the Rule Induction is the most appropriate model that significantly gave the best results, extrapolating the high prediction of the students’ sentiments with 100% accuracy and 100% F-Measure were found to be very positive. Moreover, there positive polarity on students perceptions based from the students’ sentiments per course which inevitably has a profound impact on the implementation of the limited face-to-face classes.
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Recommendations

The study recommends adopting limited face-to-face classes for Colegio de San Juan de Letran Manaoag for an efficient and effective learning method to ensure quality education to the learners. The implementation of the limited face-to-face classes must be conducted as the students’ are optimistic about it.

Acknowledgements

The researchers are grateful to the people who in one way or another contributed and shared the knowledge and expertise in conducting this research study.

References

Almahasees, Z., Khaled, M., & Mohammad, O. A. (2021). Faculty’s and Students’ Perceptions of Online Learning during COVID-19. Frontiers in Education 6.

Alsaaty, F. M., Carter, E., Abrahams, D., & Alshameri, F. (2016). Traditional Versus Online Learning in Institutions of Higher Education: Minority Business Students’ Perceptions. Business and Management Research, 5(2).

Al Amrani, Y., Lazaar, M., & El Kadirp, K. E. (2018). Random forest and support vector machine based hybrid approach to sentiment analysis. Procedia Computer Science, 127(March), 511–520. https://doi.org/10.1016/j.procs.2018.01.150

Archana Rao, P. N., & Baglodi, K. (2017). Role of Sentiment Analysis in Education Sector in the Era of Big Data: A Survey. International Journal of Latest Trends in Engineering and Technology, 22–24.

Asghar, M. Z., Khan, A., Khan, F., & Kundi, F. M. (2018). RIFT: A Rule Induction Framework for Twitter Sentiment Analysis. Arabian Journal for Science and Engineering, 43(2), 857–877. https://doi.org/10.1007/s13369-017-2770-1

Aung, K. Z., & Myo, N. N. (2017). Sentiment Analysis of Students’ Comment Using Lexicon Based Approach. In Proceedings - 16th IEEE/ACIS International Conference on Computer and Information Science, ICIS 2017, Institute of Electrical and Electronics Engineers Inc., 149–54.

Bahrawi, N. (2019). Sentiment Analysis Using Random Forest Algorithm-Online Social Media Based. Journal of Information Technology and Its Utilization, 2(2), 29.


258

Studies on Education, Science, and Technolog y 2022


Bhatt, N. R., & Ashraf, M. (2021). A Lazy Approach for Twitter Sentiment Analysis. May. https://doi.org/10.13140/RG.2.2.36413.18406

Chakraborty, P., Mittal, P., Gupta, M.S., Yadav, S., & Arora, S. (2021). Opinion of Students on Online Education during the COVID-19 Pandemic. Human Behavior and Emerging Technologies, 3(3), 357–65.

Dina, N. Z. (2020). Tourist Sentiment Analysis on TripAdvisor Using Text Mining: A Case Study Using Hotels in Ubud, Bali. African Journal of Hospitality, Tourism and Leisure, 9(2), 1–10.

Elmurngi, E., & Gherbi, A. (2017). Detecting Fake Reviews through Sentiment Analysis Using Machine Learning Techniques. DATA ANALYTICS 2017 : The Sixth International Conference on Data Analytics Detecting (c), 65–72.

Gherheș, V., Stoian, C. E., Fărcașiu, M. A., & Stanici, M. (2021). E-Learning vs. Face-to-Face Learning: Analyzing Students’ Preferences and Behaviors.” Sustainability (Switzerland), 13(8).

Gopal, R., Singh, V., & Aggarwal, A. (2021). Impact of Online Classes on the Satisfaction and Performance of Students during the Pandemic Period of COVID 19. Education and Information Technologies, 26(6), 6923–47. https://doi.org/10.1007/s10639-021-10523-1.

Gupte, A., Joshi, S., Gadgul, P,. & Kadam, A. (2014). Comparative Study of Classification Algorithms Used in Sentiment Analysis. (IJCSIT) International Journal of Computer Science and Information Technologies, 5(5), 6261–64.

Kanugrahan, G., & Wicaksono, A. F. (2021, September). Sentiment Analysis of Face-to-face Learning during Covid-19 Pandemic using Twitter Data. In 2021 8th International Conference on Advanced Informatics: Concepts, Theory and Applications (ICAICTA) (pp. 1-6). IEEE.

Mariel, W. C. F., Mariyah, S., & Setia Pramana. (2018). Sentiment Analysis: A Comparison of Deep Learning Neural Network Algorithm with SVM and N aïve Bayes for Indonesian Text. Journal of Physics: Conference Series, 971(1).

Naje Monreal, R., Frincillo Elivera, A., & Dela Cruz, J. (2021). Sentiment Analysis on Choosing Senior High School Strand in Preparation for Tertiary Courses. ACM International Conference Proceeding Series, 289–95.

Aguilera-Hermida, A. P. (2020). College Students’ Use and Acceptance of Emergency Online Learning Due to COVID-19. International Journal of Educational Research Open, 1(September): 100011. https://doi.org/10.1016/j.ijedro.2020.100011.


259

The Role of Educational Technology in the COVID -19 Pandemic


Puyalnithi, T., Madhu Viswanatham, V., & Singh, A. (2016). Comparison of Performance of Various Data Classification Algorithms with Ensemble Methods Using RAPIDMINER. International Journal of Advanced Research in Computer Science

and
Software
Engineering,
6(5),
2277.

https://www.researchgate.net/publication/304777873.

Sayed, A. A., Elgeldawi, E., Zaki, A. M., & Galal, A. R. (2020). Sentiment Analysis for Arabic Reviews Using Machine Learning Classification Algorithms. Proceedings of 2020 International Conference on Innovative Trends in Communication and Computer Engineering, ITCE 2020 (February), 56–63.

Tian, G., Lu, L., & McIntosh, C. (2021). What Factors Affect Consumers’ Dining Sentiments and Their Ratings: Evidence from Restaurant Online Review Data. Food Quality and Preference, 88(August).

Tran, D. D., Nguyen, T. T. S., & Dao, T. H. C. (2022). Sentiment Analysis of Movie Reviews Using Machine Learning Techniques. Lecture Notes in Networks and Systems, 235(December 2017), 361–69.


Author Information


Kathryn P. Acosta

[image: image9.jpg]


 https://orcid.org/0000-0001-8482-8144 Colegio de San Juan de Letran Manaoag Philippines

Contact e-mail: kathyacosta2019@gmail.com



Thelma D. Palaoag

[image: image10.jpg]


 https://orcid.org/0000-0002-5474-7260 University of the Cordilleras Philippines


Citation

Acosta, K.P., & Palaoag, T.D. (2022). Sentiments Analysis on Limited Face-to-Face of College Students in the New Normal. In O. Noroozi & I. Sahin (Eds.), Studies on Education, Science, and Technology 2022 (pp. 241-260). ISTES Organization.


260

Studies on Education, Science, and Technology 2022

w w w . ist es. or g

Chapter 12 - The Comparative Effects of Technology and Hands-On Modeling on High School Students’ Performance in a Biology Classroom

Kimesha Brooks [image: image11.jpg]


, Emily Surber [image: image12.jpg]



Chapter Highlights

· Due in large part to adjustments in teaching necessitated by the COVID -19 pandemic, recent district-wide mandates have required all students to use Chromebooks as the primary technology source in the classroom and at home.
· Consequently, student academic performance has decreased noticeably in the 9th grade biology classes described in this study.
· For this study, three different interventions were used in three 9th grade biology classes all taught by the author. The first class received hands-on modeling during the lessons; the second class received both hands-on modeling with supplementing computer technology; the third class received the instruction only with the computer technology.
· Both quantitative and qualitative results show that a hands-on modeling with supplemental technology was most effective in improving students’ performance.
The Comparative Effects of Technology and Hands -On Modeling on High School Students’ Performance in a Biology Classroom


Introduction

Providing students with an engaging and fulfilling experience in the classroom has always been the highest priority of educators since the first schools in Ancient Egypt were built (Foways, 2017). As we move into the digital era and technological advances continue to push society forward, students have access to knowledge beyond their textbooks' confinements. By using technology, such as district-issued Chromebooks students are given for free, they can access many online platforms and simulations that will help them better access and understand the content. As advances continue to be made and new software is developed, educators are challenged with finding innovative ways to use technology in the classroom to facilitate student learning.

During the recent COVID-19 pandemic, students and teachers throughout the school district were sent home with Chromebook laptops to complete classes online via Zoom, Microsoft Teams, Google Meet, or another virtual meeting platform. Educators had to find a creative way to teach content to students, do laboratory exercises, and provide activities requiring only the use of Chromebooks, all while working from home. Now that students and teachers are back in the classroom, the school district has a mandate to continue using Chromebooks as the primary resource in the classroom. In-class activities, laboratory exercises, homework, and assessments are completed on the district-issued Chromebooks.

Technology, including Chromebooks, is essential because students using these devices have access to vast amounts of information, and they are being prepared for careers across STEM (Science Technology Engineering Mathematics) and trade fields that are being made available (Code, Ralph, & Forde, 2020). Using technology in the classroom can be a great tool to foster student success (Tucker, 2020). It opens doors for students to access information, diagrams, labs, and simulations that would be readily accessible in a typical classroom due to limited district and school funding. Technology in the classroom also levels the field for students with disabilities by supplying additional resources and software such as “Read and Write” (Roland, 2015).

Utilizing computer technology in the classroom does have its drawbacks. Using Chromebooks as the primary technical resource in the classroom does not provide students with hands-on experiences because all the manipulations are being done virtually. Complete
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engagement for a student would require them to use all their senses to immerse themselves in an experience. A study conducted by Code, Ralph, & Forde (2020) to assess how students learned at home during the COVID-19 pandemic showed that teachers had many concerns because students could not do hands-on activities. One teacher noted during the study, “I am afraid that students will not get the hands-on experience and therefore will not get to develop the passion for our subject (Code, Ralph, & Forde, 2020)”. Understanding how Chromebooks and laptops are being used as the leading technical resource and whether they facilitate or impede student success will drive more conversations among educators on how these tools are used in the classroom.

Statement of the Problem

As a current biology teacher for the Atlantic Public School district using Chromebooks as the primary resource in the classroom, the problem the instructor faced in her biology classes is that students are not performing as consistently as in prior years. Could this be due to the lack of hands-on modeling and laboratory activities? This study with the instructor’s biology classes focused on how using technological devices as a primary resource affects student performance compared to utilizing hands-on modeling activities using a combination of technology and hands-on modeling in the classroom.

Purpose and Rationale

The purpose of this study was to understand what interventions work best to increase content mastery for students in high school biology. “During the present time of upheaval, teachers are being asked to adopt different values, attitudes, habits, and behaviors to overcome the current challenges in education with having a concrete sense of what happens next (Code, Ralph, Forde, 2020).” As technology advances, there has been an increased push to implement technology into daily lessons, activities, and labs in the classroom. Technology should be a tool used in the classroom to allow for better engagement amongst students and better serve students in different capacities in the classroom (Edmonds & Edmonds, 2008). Students have access to vast amounts of knowledge of these new implementations, but there are still deficits in retaining content amongst students. The inability to master content after a digital activity has been completed is causing researchers to question whether using technology in the classroom as the primary resource fosters or hinders student success.
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Research Questions

· Will using technology as a primary method help students perform better in biology class?
· Will using hands-on modeling as a primary method help students perform better in biology class?
· Will using a combination of hands-on modeling and technology help students perform better in biology class?
Theoretical Framework

Using Chromebooks as a primary technological resource promotes personalized learning, increases independence, and facilitates better communication between the teacher and the student (Tucker, 2020). Technology in the classroom enables student engagement by using different education apps such as Nearpod, which provides students with immersive and interactive experiences (Tucker, 2020). While technology can be a good tool in the classroom, however the use of it may take away from students' hands-on experiences when they physically manipulate objects. Students are easily distracted when using their Chromebooks for an in-class lab activity. A study by Bernard McCoy (2016) on digital devices for non-class-related purposes showed that students use machines for off -task purposes such as texting and internet surfing because they are bored.

Before software and Chromebooks became the primary source in the classroom, students had to physically manipulate objects and write things down using pencil and paper. Model-based learning bridged the gap and allowed students to make connections between theories and concepts being taught to real-world experiences, and students were able to retain content better (Mierdel & Bogner, 2020). The primary issue that teachers are facing using hands-on modeling alone is the inability to bring in new concepts and 3D models to provide students with better imaging and visualizations. Students will retain content better by combining hands-on modeling and technology when completing labs and activities in the class. Using the sources individually has drawbacks that directly affect student content retention and engagement during activities in the classroom. Using a combination of both resources, we would expect to increase student content retention because both would complement each
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other and not stand alone. In this study, the author chose to teach biology courses using Chromebook technology and hands-on modeling during different class periods to assess which method has the most significant effect on content mastery amongst students.

Literature Review

Examination of past studies relating to technology integration and studies of hands-on modeling highlights challenges and opportunities with each approach. Integrating technology into education allows students to carry out their studies beyond the classroom. Hands-on modeling will enable students to participate in laboratory activities, gaining practical experience. Oftentimes students are quickly drawn off to other activities such as texting and internet browsing on their cellphones. Hands-on modeling without technology only limits instructors to static sources, thereby denying extra knowledge available online. A combination of two approaches in education can potentially improve student performance.

Utilizing Technology as a Primary Method to Enhance Student Learning

Various online sources provide students and teachers with valuable learning materials. These materials are made available through sites like the National Archives, The Library Congress, American Memory Collection, and the CDP database. According to Courts and Tucker (2012), about 76% of college students use the internet to interact, socialize, and assimilate information. The internet has various features that can help deliver a variety of topics and learning resources to students to supplement their learning (Villalba & Hoekman, 2017). The method of information delivery over the internet (cloud computing) is a rapidly growing approach that many high schools are extensively employing. The technique uses webmail services such as Google and social media services such as Telegram and Facebook (Courts & Tucker, 2012). A survey conducted by the Campus Computing Project (Green, 2010) showed that most college and university students extensively use Google services to acquire information from their teachers and other students. Moodle is also another method used in high schools to enhance smooth teacher-student interaction digitally. Moodle is an online course designed to freely enable students to create and deliver learning materials through the internet.

A study on both elementary and primary school teachers' perception of online platforms and
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simulations in the classroom showed that not all of them find it comfortable despite teachers’ frequency of computer use at home and school (Al Musawi, Mbusaidi, & Al Balushi, 2015). A similar study by Merc (2015) with Turkish pre-service EFL teachers shows that not all students and teachers benefit from technology available to them in their teaching practice at a satisfying level. Some teachers are more familiar with technology than others, making it a non-uniform method. The more familiar a teacher is with technology, the more comfortable they will be with content integration, hence high performance from students. Therefore, teachers’ comfortability with integrating computers in the classroom affects students’ performance (Merc, 2015). Research shows that proper technology integration in the classroom can provide better aid to students in understanding concepts that are taught in class (Kapur, 2018).

Another study found that students highly rely on the internet to carry out their research and further readings (Tucker, 2020). Integrating Chromebooks, virtual simulations, and virtual platforms in the classroom can be a helpful tool in enhancing students’ success. Most students in the 21st century spend their time on the internet. Among them, 86% use the internet for multimedia purposes (animation, video, audio, text, and slideshow). Research has shown that the effective integration of multimedia services in the classroom positively influences students' learning experience (Tucker, 2020). According to Tucker (2020), students are not engaged in learning materials from static sources such as textbooks or static websites. Multimedia and the internet provide students with learning materials rich in knowledge and experience. Contrary to Merc’s (2015) finding is the belief that students use the internet to carry out their activities not related to classwork, such as texting and browsing through the internet (McCoy, 2016). According to Mccoy (2016), students get drawn off quickly to other non-academic activities while using their cellphones, tablets, and Chromebooks to read.

A significant advantage to using classroom technology is enhanced mobility. Technology in classroom learning improves mobility. Mobility enables students to learn anywhere, anytime they want, using digital communication platforms such as Zoom. During the COVID-19 pandemic, students and teachers continued learning and teaching activities from home, primarily using laptops and tablets (Code, Ralph, & Forde, 2020). Mobile phones have learning management system applications such as Blackboard Mobile. These technologies enable students and instructors to interact virtually using their smartphones, tablets, and
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laptops (Code, Ralph, & Forde, 2020).

Utilizing Hands-on Modeling as a Primary Method to Enhance Student Learning

According to Mierdel and Bogner (2020), hands-on modeling has been the most compelling and efficient method of increasing students’ academic achievement in scientific subjects. Mierdel and Bogner (2020) believe this approach can make abstract theoretical knowledge concrete and clear. It also allows students to observe, manipulate and determine significant changes in variables directly. Hands-on modeling is an approach that allows students to gain knowledge through experiencing phenomena firsthand. It equips students with much practical experience by enabling them to manipulate learning objects in the classroom mathematics and science are practical and lab-related courses. Skills in science and mathematics can be acquired best through inquiry, creative and intelligent manipulation of rocks, scientific instruments, insects, anatomical bodies, mathematical sets, and magnetic fields, among many others (Ekweume, Ekon, & Nebite, 2015). A study on science and mathematics students’ performance proposed that they need to be highly exposed to laboratory experience to solve their problems and society's (Ekweume, Ekon, & Nebite, 2015). Ekwueme, Ekon, and Nebite (2015) surveyed to measure the impact of exposing science and mathematics students to laboratory activities. The study found that students who are more experienced with laboratory activities, experiments, and assessments have a better chance of solving their problems and those of society. According to Ekwueme, Ekon, and Nebite (2015), in-class labs prepare students for work in the science field after graduating.

A study by Howe on musical students to determine their responses to the hands-on modeling approach with STEM subjects showed that experience is crucial in learning complex to learn

the appropriate skills (Howe, 2015). Students’ music performance increased as they spent time practicing and familiarizing themselves with the musical instruments, being hands-on. According to Howe, this approach helps build students' confidence and self -efficacy while using musical instruments in class. Similarly, integrating hands-on dynamics laboratories in the classroom is a very vital intervention for mechanical engineering students.

According to Sirinterlinki (2012), most colleges and universities have devoted themselves to using Vex Robotics to provide students with hands-on examples. Students can employ the theories and engineering concepts they learn from class to perform simple experiments with
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robots. Vex Robotics is a type of robotics that provides students with an accessible, scalable, affordable educational experience and real-life solutions. Research shows that vex robotics emerged due to excellent collaboration between mechanical engineering professors and Vex manufacturers to boost students’ mechanical skills (Stewardson, Robinson, Furse, & Pate, 2019). Hands-on modeling with Vex programs allows engineering students to better interact with vex robotics in carrying out simple experiments and collecting and comparing their analytical data in their group discussions.

Utilizing Both Technology and Hands-on Modeling to Enhance Student Performance

The lab has been established as the most profound resource for enriching students with proficient knowledge (Code, Ralph, & Forde, 2020). Scientists and school professors have suggested that giving students a better opportunity to undertake lab activities is vital. Worksheets, hands-on modeling, and labs continue to enrich students by activating their senses. They may retain content better because they can physically connect the manipulative and the content. This revolution in school learning has emerged while the world is experiencing rapid growth in technology. Students can learn independently, carry out their scientific research using various digitized sources, and only rely on their teachers for inquiry.

Integrating technology in school learning is no longer a luxury but a vital requirement in developing students and educational structures. E-learning technology has become an integral part of everyone's daily lives. Today, electronic devices and services such as mobile learning, electronic visualization, and virtual applications are extensively employed in education. Recent research has found that classroom experimentation and laboratory activities increase students' active participation in learning processes and acquire different skills (ICSU, 2011).

School instructors have driven their focus on using both technology and a hand -in-model approach (West & Graham, 2014). Combining these two approaches enables students to use a virtual lab to carry out their lab activities virtually. An e-laboratory can be defined as “a tool consisting of interactive computerized software linked with sensitive connector endings called sensors. The components of practical sciences experiments are integrated with computers as a measurement instrument to collect and analyze data (Al-Shaiey, 2006).”

In  the  usual context, technology enhances distance learning in areas mostly faced  with
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epidemics and natural disasters because students can receive the information without being physically present in the classroom. With distance learning, students acquire their learning materials through webmail and learning modules prepared by their instructors. However, distance learning poses a more significant challenge for scientific subjects. Lab practicals are often not possible with distance learning. Therefore, studies have found a new model known as Open Distance Learning (ODL), which aims to incorporate practical work into distance learning using technology (Bhukuvhani, Mupa, Mhisi, and Dziva, 2012). Bhukuvhani, Mupa, Mhisi, and Dziva (2012) describe ODL as mobile communication and media to enhance learning without physically being present at school.

Each of the interventions discussed has its benefits and challenges when used independent ly; using a hands-on model alone limits the teacher’s ability to bring in new concepts in class. It also limits on 3D model hence limiting students' ability to visualize objects better during lab experiments. Using both models in classroom learning has a better impact on student performance than when used independently. Students will master content better by using both technology and hand-on-model when carrying out lab activities in class.

Method

Context

This research study was conducted at a high school located in Atlanta, Georgia, and is part of the Atlanta Public School district. The school currently has 954 enrolled students and 63 teachers, roughly a 16:1 ratio of students to teachers. African American students make up 96% of the student population, and Hispanic students make up 4% of the population. There are no Caucasian (or other ethnicity) students. The instructional staff at this Atlanta high school is predominately African American. The school is a Title I school; this means that the Georgia Department of Education aids in providing schools with federal funding because the poverty numbers among students and their families are high (Nolan, 2021). It is estimated that 31.4 % of the student population lives below the poverty line.

There are an estimated 225 true 9th grade students enrolled at this school. Three teachers teach biology. This school teaches on an A/B schedule, which means students have one set of four classes on A-days and another set of four classes on B-days. The schedule continues for the entire school year (August to May).
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The achievement level of students across all biology classes in this study varied from beginning to distinguished levels of achievement. Reading and math MAP (Measure of Academic Progress) scores of students across all classes are low, meaning that students may have difficulty understanding content and struggle when working independently. Students stayed home and attended school virtually during the 2019-2020 school year and 2020-2021. Academic performance declined, likely because students were not in the classroom and did not have parental guidance on completing assignments, along with distractors such as cellphones and video game consoles. Additionally, students did not complete assignments or attended class when they were supposed to.

Design

This study used a mixed -methods research design to conduct the research because both quantitative and qualitative data were collected. Before the interventions, a pre-test was given, and following the interventions, a post-test was given. Student surveys and off-task behavior checklists were used to collect qualitative data, and assessment scores were used as quantitative data. Each intervention also served as a control for the others.

Participants

The students that took part in this study are a part of the 9th-grade student population at this school. These students are a non-probability sample of the population of students at my school. The population of students is 100% African American, including 30% are females and 70% are males. Three of six available biology classes were randomly selected to take part in the study from the four co-taught classes. The instructor met with student participants on A and B days during regular instructional times. The times the instructor met with students varied throughout the day because the classes were randomly selected. The administration was made aware of the research in the classroom. Only students who agreed to or whose parents/guardians gave permission to take part had their data counted.

Intervention

Three interventions to implement three different methods of teaching were used, namely:

hands-on modeling, technology, and a combination of both. Each intervention was given to a
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different biology class taught on A and B days. All activities were focused on SB2. Georgia Biology Standard. This standard states that students will be able to obtain, evaluate, and communicate information to analyze how genetic information is expressed in cells; the lessons will focus on protein synthesis.

Intervention One was the hands-on modeling only teaching method. Students that took part in this intervention completed all activities by hand; no technological equipment was used by the students or the instructor. All lecturing was done verbally or by using the assigned biology textbook. Digital assistance was unavailable for students who took part in this intervention. All activities and labs completed during this unit of the study were completed by hand, and all documentation for the unit was completed on paper. Students in the 1B biology class took part in Intervention One.

Intervention Two was the technology-only teaching method. Students that took part in this intervention completed all lectures, activities, and assessments using Chromebooks. All teaching was done using digital tools as well. Chromebooks are digital laptops given by the Atlanta Public School District at no cost to students and families. During lectures, the instructor used technology such as BoxLight computers, and all interactions and resources used to teach were digital. Students in the 3B biology class took part in Intervention Two.

Intervention Three was a combination of technology and hands-on modeling. Students who took part in this intervention used technology and hands-on modeling during the unit. All activities, assessments, and student notes were completed on paper and using their Chromebooks. During lectures, the instructor used the BoxLight computer, paper notes, and digital imagery to teach students.

Data Collection

Three interventions were used to determine which intervention yielded the highest post -test scores in the biology classes. Higher post-test scores indicate content mastery, meaning the higher the post-test scores, the better students mastered the content. Outlined below are the procedures, instruments, reliability/validity, dependability/creditability, and triangulation used in my action research study.
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Procedures

Table 1 shows the schedule for data collection. During Week 1, students took a biology pre-test on the unit of study (see Appendix A). A pre-intervention survey (see Appendix B) on how students learn best in the classroom and parent/guardian permission forms (see Appendix C) were given during Week 1.

Table 1. Data Collection Schedule


Week
Scheduled Event


Pre-Test and Pre-Intervention Survey

Week 1

Parental/Guardian Permission Form Distributed


Week 2
Intervention and Behavior Checklist Monitoring


Week 3
Intervention and Behavior Checklist Monitoring


Week 4
Intervention and Behavior Checklist Monitoring


Week 5
Post Test and Post Intervention Survey


Week 6
Data Analysis; Action Research Report Writing


Weeks 2, 3, and 4 classes that participated in the research study received their interventions. The 1B biology class received the hands-on modeling intervention. During this intervention, all activities and lecturing materials were given on paper. Throughout the unit, the instructor did not use any digital technology. The 3B biology class received the technology-only intervention. Activities were distributed to students using the Google Classroom platform, and all lectures used the digital BoxLight to assist while delivering the content.

Chromebooks were used to complete all students' lab simulations, and they were used to answer lab analysis questions. The 4A biology class received a combination of hands-on technology and hands-on modeling intervention. Students in this class received all activities and all lecturing materials. The BoxLight was used during lectures to show digital imagery and PowerPoint presentations to supplement the content being taught in the unit. Chromebooks were used to run lab simulations, and lab analyses were completed on paper. During each class period that the interventions took place, the instructor also monitored student behaviors and collected data on the behaviors displayed during each class period using a behavior checklist (see Appendix D).
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During Week 5, students took a post-test (Appendix E) and post-intervention survey (Appendix F). The post-test measured how well students mastered the content was taught during the interventions. The post-intervention survey asked students how they felt their learning may have changed during the interventions. In Week 6, the data that was collected was analyzed, and the instructor reported findings during this time.

Instruments

The instruments used are vital to understanding the possible correlations between content mastery and technology use in the classroom. Students will complete an intervention survey before and after the interventions are implemented. The intervention survey elicited student opinions on how students feel they learn best before and after the intervention; students were given a similar survey to see if their opinions about their learning have changed t hroughout the interventions. Other instruments were the pre- and post-tests. The pre-test provided a baseline of what students knew about the content before the interventions were introduced. The post-test will measure their mastery of the content after the interventions are introduced. The post-test data was then used to determine which intervention caused students to perform the best in the post-test. The final instrument used was a behavior checklist. The behavior checklist allowed the instructor to keep track of students' behaviors during the interventions. Examples of the behaviors observed included: sleeping in class, walking around the room, cellphone use, working on other assignments, etc. Using the off -task behavior checklist, I was able to conclude student engagement during each intervention.

Reliability/Dependability

The reliability method used was the equivalent forms method. The test -retest approach ensures reliability because the same assessment will be given to the same group of students twice. The reliability and dependability of the instruments have been determined by providing the same assessment to students twice. The pre-test and post-test are comprised of the same questions. The assessments were created using the All in Learning (AIL) platform. The AIL platform consists of questions from various test banks such as Pearson education. These questions were created and vetted by science board members. The first assessment was given before the interventions are implemented. The assessment was given again after the interventions were implemented.
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Validity/Accuracy

Both quantitative and qualitative data collection tools have been checked for validity and accuracy. After the student surveys were collected, the instructor interpreted what student s wrote when answering the questions. Any misconceptions were addressed by the instructor speaking with the individual students directly to make. Confirming direct quotes with students by member check will ensure the validity and accuracy of their statements while completing the intervention surveys. When checking the validity and accuracy of the quantitative data collection tool that used in this research was the Expert Review Method, completed by checking with several colleagues regarding the questions asked on the assessment tools. By double-checking with colleagues, it could be confirmed that the questions asked in the assessments are aligned with the Georgia Standards of Excellence for Biology. It is pertinent that the questions being asked in the assessment align with the correct standards to measure content mastery amongst students accurately.

Triangulation

The collected and analyzed data led to several contrary correlations to the original research questions. Student pre-interview data indicated that the favorable preference for teaching was hands-on only. Students felt that being able to write instead of type and manipulate objects physically would better help them master the content. However, the data shows that this preference does not translate into the highest content mastery. Students' preference for learning and the teaching method that yielded the highest post -test mean score did not coincide. Total off-task behaviors did not decrease, over each week, as the interventions took place within each class; as a result, overall test scores remained low across all teaching methods, and off-task behaviors seemed to be contributing factors to why the test scores remained low because the total off-task behaviors were higher than the mean.

Data Analysis

Descriptive statistics were used to calculate the means and standard deviations of the dependent variables. Then pre-test and post-test data collected from each teaching method were analyzed using the Analysis of Covariance (ANCOVA). ANCOVA evaluates where the calculated mean across each dependent variable is at equal levels of the independent variable.
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Post-test scores and post-intervention off-task behaviors were compared across three teaching methods using the content pre-test and pre-intervention off-task behaviors as covariates. Descriptive analysis techniques were used to analyze the data to decide central tendency and variability measures. Off-task behaviors were recorded using a checklist; each time a student displayed a behavior on the checklist, a tally was placed by their name. After the behaviors were tallied, students were then given a number, and their names would be coded so their identities would not be revealed. Using an Excel spreadsheet, their behaviors for that week were totaled using the Excel formula. Once the student names and weekly totals were calculated, the mean and standard deviation were calculated.

Threats to Internal Validity

Threats to internal validity that faced during this research included students cheating during pre-tests and post-tests and the presence of a co-teacher during co-taught classes also posed an issue. To decrease cheating during testing, I used the Securely screen monitoring platform to watch student screens while they took their assessments. Securely also allowed me to preset their websites, so students could not maneuver to different websites to look up the answers. By discussing with the co-teacher the purpose of the action research, the instructor was able to clarify the co-teacher’s role during the interventions, so she did not interfere with student scores. Because some students in the class receive Individualized Education Plan (IEP) services, their data were not counted even though they were all allowed to take part. The final threat to internal validity faced was the time-lapse between seeing the students. Several school-wide events took place throughout the research period that changed the school-wide scheduling, and as a result there was a significant lapse in time in which students attended class, which created gaps in their learning of the content.

Limitations

The interventions were built into each lesson because they took place during the unit required to be covered according to the Georgia Standards of Excellence. There was limited flexibilit y in what content students were taught. Students may have found the content uninteresting and did not actively take part in a class or the activities as they would have if they enjoyed the content they were learning about. During this research, another limitation faced was the time frame to conduct my research and analyze it. The final limitation faced during this research
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period was the scheduling of classes. There was considerable variation in how many times the students were seen each week. On several occasions, the instructor did not see classes in their entirety due to school-wide testing; this made it challenging to continue content so that students could adequately master it because of the continued disruptions to the unit of study.

Protection of Human Subjects

A letter was sent home to parents and guardians informing them of the research in the classroom. Parental permission was unnecessary as hands-on and technological techniques were already used in the classroom before this research project. Approval was obtained from the principal and instructional coach; after permission was granted, the data were collected. Identifying student information was removed from all collected documentation, and sensitive information was kept in a locked filing cabinet. When presenting student data, codes were used to protect their identities. Before implementing the interventions in the class, the instructor received PHRP training and ensured the proper IRB application was submitted.

Results

Measures of central tendency for post-tests show that the combined Chromebook and Hands-on modeling teaching method had the highest mean (M=65.33) among the three interventions (see Table 2).

Table 2. Summary of Assessment Data Amongst All Interventions


	Strategy
	Mean
	Std.
	N

	
	
	Deviation
	

	
	
	
	

	
	
	
	

	CB&HO
	65.33
	23.258
	15

	
	
	
	

	ChromeBK
	50.00
	10.000
	7

	
	
	
	

	Hands-On
	33.33
	18.257
	12

	
	
	
	

	Total
	50.88
	23.788
	34

	
	
	
	


The frequency of off-task behaviors was calculated to compare the three interventions (see Table G1 in Appendix G for the raw data that was collected). The combination of Chromebook use and hands-on modeling yielded the most off-task behaviors during the
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interventions. A one-way between-subjects ANCOVA was calculated to examine the comparative impact of using three methods to teach Biology on the students' off-task behaviors (see Table G2 in the Appendix ). Pre-intervention off-task behaviors are related to the post-test off-task behavior. The off-task behavior during the three teaching methods in the study's biology unit does not differ significantly. Table 3 shows the three learning methods' mean off-task behavior in the three classes. With pre-intervention off-task behavior control, the main effect of the strategy was not significant (F(2.53)=0.199, p=0.820). Student behaviors did not differ significantly over time among the three strategies.

Table 3. Summary of Off-Task Behaviors Amongst Interventions


	
	Strategy
	Mean
	Std.
	N

	
	
	
	Deviation
	

	
	
	
	
	

	
	
	
	
	

	
	CB&HO
	2.52
	1.855
	23

	
	
	
	
	

	
	ChromeBK
	2.86
	4.055
	14

	
	
	
	
	

	
	Hands-On
	2.65
	2.368
	20

	
	
	
	
	

	
	Total
	2.65
	2.663
	57

	
	
	
	
	


Another one-way between-subjects Analysis of Covariance (ANCOVA) was calculated (see Table G3) to examine the relative effects of three strategies for teaching Biology on students' performance in the unit of study. The main effect of the teaching strategy was significant (F(2,30)= 7.74, p<.001) (see Table G3), with the combination of Chromebook and Hands-on use producing a significantly more significant effect (M=65.33, SD=23.26), than Hands-On alone (M=33.33, SD=18.26), but not substantially more significant than Chromebook use alone (M=50.0, SD=10.0) (see Table G4). When comparing the three methods of teaching Biology, using the Chromebook and hands-on had the highest post-test mean, and the lowest off-task behaviors mean.

Discussion

Combining hands-on teaching with Chromebook technology yielded the highest content mastery scores among the three different teaching methods used. The teaching method utilized technology and hands-on modeling and had the highest post-test mean and the lowest mean of off-task behaviors. Kapur's (2018) findings reveal that students could better
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understand the content being taught and perform better on assessments by integrating the appropriate use of computer technology. These results align with Kapur’s findings that students mastered content better when technology-specific Chromebook computer use was incorporated into the lessons.

According to Tucker (2020), students are not engaged in materials such as textbooks because the learning experience is not being positively influenced, and students find it hard to relate to the material. The results presented here relate to Tucker (2020) in that those students who received the hands-on only teaching did the poorest on the post-test, indicating that the students who received this teaching method did not master the content very well. This correlates to Tucker in that the higher the off -task behaviors, the lower the post-test scores were, indicating that students were not engaged in the hands-on activities that were taking place. Mierdel and Bogner's (2020) research results indicated that hands-on modeling was the most effective way to increase scientific, academic achievement.

The data presented here suggest that using hands-on modeling as a single approach to teaching content is not the most effective for achievement. Students utilizing only Chromebooks during the provided teaching method had a higher post -test mean than students only using the hands-on approach, indicating that this group mastered the content better. Students utilizing the Chromebook-only teaching method had the highest standard deviation regarding off-task behaviors implying that off-task behaviors during this teaching method were higher than the mean among all three teaching methods. McCoy (2016) states that students get easily distracted and were off-task frequently when using their Chromebooks. This result is also consistent with the findings presented here, because students using only their Chromebook during the lessons got off task by texting, doing activities unrelated to the current task, and browsing the internet.

The instructor consistently found that students were not performing well on assessments using a single teaching method, whether a Chromebook-based technology lesson or a hands-on modeling lesson. ANCOVA analysis on teh pre-test and post-test, it was determined which teaching method allowed students to perform better on the post -test. Students utilizing the teaching method that combined both Chromebook use and hands-on modeling performed significantly better on the post-test, indicating students mastered the content better than the other groups of students using each method by itself.
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Future Directions

In future studies, it would be interesting to focus this research on the off -task behaviors. Though the standard deviation during the hands-on only teaching method was the highest among the mean, the total behaviors across all three groups were high by looking at the specific activities during each teaching method. Active learning did not occur during the teaching methods students received in the classroom. Active learning is defined as classroom-based activities designed to engage students in their learning; these activities require students to discuss problems, take part in class discussions, and group and learning activities, including student teaching (Borrego et al., 2021). Patrick, Howell, and Wischusen (2016) indicate that students believe active learning will benefit their learning. Still, there are not enough studies to support this theory, and as a result, instructors stick to traditional lecturing. By focusing attention on the specific activities, it is possible to determine if active learning plays a part in decreasing off-task behaviors and continuing to improve content mastery. This will allow me to expand on content mastery and determine if active learning plays a role in how well students master the content being taught.
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Appendix A. Pre-Test

1. Which of the following are found in both DNA and RNA?
a. Ribose, phosphate groups, and adenine

b. Deoxyribose, phosphate groups, and guanine

c. Phosphate groups, guanine, and cytosine

d.
Phosphate groups, guanine, and thymine


2. Which nucleotide in the above figure indicates the nucleic acid above is RNA?
a. Uracil

b. Guanine

c. Cytosine

d.  Adenine

3. What is produced during transcription?
a. RNA molecules

b. DNA molecules

c. RNA polymerase

d.  Proteins

4. During eukaryotic transcription, the molecule that is formed is
a. complementary to both strands of DNA.

b. identical to an entire single strand of DNA.

c. double-stranded and inside the nucleus.

d.  complementary to part of one strand of DNA.

5. There are 64 codons and 20 amino acids. Which of the following is true?
a. Several different codons can specify the same amino acid.

b. Each codon specifies a different amino acid.

c. Some amino acids have no link to a codon.
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d.  Each amino acid is specified by only one codon.

6. A promoter is
a. binding site for DNA polymerase.

b. binding site for RNA polymerase.

c. start signal for replication.

d.  stop signal for transcription.

7. During translation, the type of amino acid that is added to the growing polypeptide depends on the
a. codon on the mRNA and the anticodon on the rRNA.

b. anticodon on the mRNA and the anticodon on the tRNA.

c. anticodon on the rRNA and the codon on the mRNA.

d.  Codon on the mRNA and the anticodon on the tRNA.

8. In eukaryotes
a. Transcription takes place in the cytoplasm, and translation takes place in the nucleus.

b. Transcription takes place in the nucleus, and translation takes place in the cytoplasm.

c. Transcription and translation both take place in the cytoplasm.

d.  Transcription and translation both take place in the nucleus.

9. Insertions and deletions that change the entire genetic message that comes after the mutation are called _________________________.

10. Mutant 1 in the above figure is the result of a(n) ___________________ because part of the chromosome is in the reverse position.
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Appendix B. Pre-Intervention Student Survey

1. Do you learn best using your Chromebook or doing things on paper using your hands?

2. Would you like to do more hands-on labs in class or more online simulations if you had a choice? Please explain your choice.

3. On a scale of 1-5, do you think your behaviors (frequently using the bathroom, being on your cellphone, doing other assignments) will affect your ability to master the content taught during class?
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Appendix C. Parental/ Guardian Permission Form

Consent Form for Class Projects

Clayton State University

Title of Project: The Effect of Technology and Hands-On Modeling on High School Student Performance

Student Researcher(s): Kimesha Brooks, kbrooks14@student.clayton.edu

Course: EDUC 5401 Action Research

Semester: Spring 2022 Semester

Course Professor: Dr. Nweke, wnweke@clayton.edu

1. Project Purpose: Your child is invited to participate in a project conducted as part of the course requirements in the Department of Education at Clayton State University. For this project, I will be using three different teaching methods, singly and in combination. I am collecting this information to examine content mastery in the classroom. The course instructor will supervise the project: EDUC 5401: Action Research, Dr. Nweke.
The purpose of this study is to investigate what interventions work best to increase student performance in my biology class; I will also monitor distractive behaviors during the interventions. The information generated will not be used for academic research or publication. All information collected will be aggregated and analyzed; your child’s name will not be identified with the final results. All information obtained will be treated confidentially.

2. Procedures to be followed: For this project, your child will complete the unit of study normally, there will be a variation in how they complete the activities during the unit of study. For this project, I will collect data on distractive behaviors and assessment scores before and after the intervention.
3. Duration/Time: Your child’s participation in the study will only last four weeks.
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4. Statement of Confidentiality: Your child’s participation in this research is confidential. Data collection methods do not ask for any information that would identify your child’s responses.
5. Right to Ask Questions: If you have any questions or concerns, feel free to contact my instructor, Dr. Nweke, at 678-466- 4824. If you have questions about your child’s rights
as a participant in this project, please contact Dr. Jill Lane, Associate Provost, at (678) 466-4100 or Jill Lane@clayton.edu .

6. Voluntary Participation: Your decision to allow your child to be in this project is voluntary. Your child can stop at any time. Your child does not have to answer any questions he/she does not want to answer.
If you agree for your child to take part, please sign your signature and indicate the date below.

You will be given a copy of this form for your records.

__________________________________
_____________

Parent/Guardian Signature
Date

__________________________________
_______________

Student Researcher
Date
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Appendix D. Off-Task Behavior Checklist

	Head
	Walking
	Using
	Leaving the
	Doing other
	Total # of

	Down
	Sleeping   Around
	Cellphone
	Classroom
	Assignments
	Behaviors



Student 1

Student 2

Student 3

Student 4

Student 5

Student 6

Student 7

Student 8

Student 9

Student 10

Student 11
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Appendix E Post-Test

1. Which of the following bases pairs with guanine?

a. Adenine

b. Guanine

c. Cytosine

d. Uracil

2. Which of the following are found in both DNA and RNA?

a. Ribose, phosphate groups, and adenine

b. Deoxyribose, phosphate groups, and guanine

c. Phosphate groups, guanine, and cytosine

d. Phosphate groups, guanine, and thymine


3. Which nucleotide in the above figure indicates the nucleic acid above is RNA?

a. Uracil

b. Guanine

c. Cytosine

d. Adenine

4. What is produced during transcription?

a. RNA molecules

b. DNA molecules

c. RNA polymerase

d. Proteins

5. During eukaryotic transcription, the molecule that is formed is

a. complementary to both strands of DNA.

b. identical to an entire single strand of DNA.

c. double-stranded and inside the nucleus.

d. complementary to part of one strand of DNA.
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6. There are 64 codons and 20 amino acids. Which of the following is true?

a. Several different codons can specify the same amino acid.

b. Each codon specifies a different amino acid.

c. Some amino acids have no link to a codon.

d. Each amino acid is specified by only one codon.

7. A promoter is

a. binding site for DNA polymerase.

b. binding site for RNA polymerase.

c. start signal for replication.

d. stop signal for transcription.

8. During translation, the type of amino acid that is added to the growing polypeptide depends on the

a. codon on the mRNA and the anticodon on the rRNA.

b. anticodon on the mRNA and the anticodon on the tRNA.

c. anticodon on the rRNA and the codon on the mRNA.

d. Codon on the mRNA and the anticodon on the tRNA.

9. In eukaryotes

a. Transcription takes place in the cytoplasm, and translation takes place in the nucleus.

b. Transcription takes place in the nucleus, and translation takes place in the cytoplasm.

c. Transcription and translation both take place in the cytoplasm.

d. Transcription and translation both take place in the nucleus.

10. Insertions and deletions that change the entire genetic message that comes after the mutation are called _________________________.


11. Mutant 1 in the above figure is the result of a(n) ___________________ because part of the chromosome is in the reverse position.
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Appendix F. Post- Intervention Student Survey

1. Which intervention did you participate in?

2. Is there anything you would change regarding the activities we did in class, if so what changes would you make?

3. Did you feel distracted during the activities in class? Please list what those distractions. Be specific.

4. If you were the instructor, how would you decrease the distractions?

5. On a scale of 1-5 how engaged were you during the activities, we did in class? 1 being least engaged and 5 being most engaged?
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Appendix G. Summary of All Data

Table G1. Off-Task Behavior and Pre and Post Test Scores

	
	
	
	Pr
	Bio
	OT
	OT
	OT
	OT
	Pst
	

	
	
	Stud
	Intv
	Pr
	WK1
	WK2
	WK3
	WK4
	Intv
	Bio

	
	Stra tegy
	Code
	OT
	Tst
	Tl
	Tl
	Tl
	Tl
	OT
	Pstst

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB1
	8
	20
	8
	7
	7
	4
	4
	50

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB2
	15
	
	15
	6
	0
	16
	16
	50

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB3
	5
	
	5
	1
	3
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB4
	7
	
	7
	4
	6
	2
	2
	

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB5
	2
	
	2
	0
	4
	1
	1
	50

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB6
	0
	10
	0
	1
	0
	1
	1
	40

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB7
	4
	10
	4
	2
	0
	4
	4
	40

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB8
	2
	10
	2
	3
	5
	1
	1
	60

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB9
	3
	10
	3
	0
	3
	2
	2
	

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB10
	6
	0
	6
	0
	1
	2
	2
	60

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB11
	1
	0
	1
	2
	2
	0
	0
	60

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB12
	8
	
	8
	1
	2
	3
	3
	

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB13
	3
	0
	3
	2
	1
	4
	4
	40

	
	
	
	
	
	
	
	
	
	
	

	
	ChromeBK
	CB14
	4
	
	4
	0
	0
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO1
	4
	10
	4
	2
	0
	3
	3
	40

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO2
	10
	0
	10
	6
	7
	2
	2
	10

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO3
	5
	30
	5
	1
	4
	4
	4
	60

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO4
	2
	20
	2
	0
	1
	0
	0
	20

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO5
	4
	40
	4
	3
	0
	4
	4
	70

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO6
	8
	20
	8
	1
	2
	6
	6
	40

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO7
	9
	0
	9
	1
	7
	6
	6
	30

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO8
	6
	10
	10
	0
	7
	0
	0
	30

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO9
	3
	40
	3
	4
	2
	3
	3
	20

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO10
	5
	
	5
	7
	1
	8
	8
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	Pr
	Bio
	OT
	OT
	OT
	OT
	Pst
	

	
	
	Stud
	Intv
	Pr
	WK1
	WK2
	WK3
	WK4
	Intv
	Bio

	
	Strategy
	Code
	OT
	Tst
	Tl
	Tl
	Tl
	Tl
	OT
	Pstst

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO11
	7
	
	7
	0
	5
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO12
	9
	
	9
	2
	9
	1
	1
	40

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO13
	10
	
	10
	3
	3
	1
	1
	

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO14
	3
	20
	3
	0
	0
	2
	2
	

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO15
	6
	
	6
	5
	2
	0
	0
	50

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO16
	5
	10
	5
	4
	6
	3
	3
	

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO17
	8
	0
	8
	1
	7
	1
	1
	10

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO18
	
	
	0
	0
	0
	0
	0
	20

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO19
	7
	
	7
	0
	2
	5
	5
	10

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO20
	9
	20
	9
	8
	2
	4
	4
	30

	
	
	
	
	
	
	
	
	
	
	

	
	Hands-On
	HO21
	0
	10
	0
	0
	0
	0
	0
	40

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO1
	6
	50
	6
	3
	5
	6
	6
	70

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO2
	4
	40
	4
	0
	0
	2
	2
	80

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO3
	8
	20
	8
	5
	3
	2
	2
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO4
	3
	40
	3
	3
	2
	4
	4
	60

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO5
	3
	10
	3
	1
	0
	2
	2
	100

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO6
	5
	20
	5
	1
	3
	1
	1
	90

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO7
	7
	0
	7
	0
	0
	3
	3
	80

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO8
	6
	0
	6
	2
	3
	3
	3
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO9
	9
	50
	9
	1
	0
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO10
	4
	10
	4
	4
	0
	0
	0
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO11
	3
	30
	3
	1
	0
	2
	2
	20

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO12
	3
	30
	3
	0
	0
	3
	3
	90

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO13
	7
	30
	7
	2
	6
	3
	3
	30

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO14
	2
	30
	2
	0
	0
	2
	2
	50

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO15
	13
	
	13
	3
	0
	1
	1
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO16
	5
	40
	5
	1
	2
	1
	1
	70
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	Pr
	Bio
	OT
	OT
	OT
	OT
	Pst
	

	
	
	Stud
	Intv
	Pr
	WK1
	WK2
	WK3
	WK4
	Intv
	Bio

	
	Stra tegy
	Code
	OT
	Tst
	Tl
	Tl
	Tl
	Tl
	OT
	Pstst

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO17
	
	
	
	0
	0
	5
	5
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO18
	3
	20
	3
	1
	1
	3
	3
	40

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO19
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO20
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO21
	10
	10
	10
	3
	1
	1
	1
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO22
	7
	20
	7
	0
	4
	4
	4
	

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO23
	3
	0
	3
	2
	0
	4
	4
	80

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO24
	4
	
	4
	0
	2
	8
	8
	20

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO25
	1
	50
	1
	2
	2
	1
	1
	70

	
	
	
	
	
	
	
	
	
	
	

	
	CB&HO
	CBHO26
	1
	10
	1
	2
	0
	2
	2
	50

	
	
	
	
	
	
	
	
	
	
	


Legend

This legend provides a breakdown of the codes used, and their meanings.

	ChromeBK-
	CB#- Chromebook
	PrIntvOT- Pre-
	PstIntvOT- Post

	
	
	Interventon Off
	Intervention Off

	Chromebook Only
	Only Student #
	
	

	
	
	Task Behavior
	Task Behavior

	
	
	
	

	
	
	
	

	Hands-On- Hands On
	HO#- Hands-On
	BioPrTst- Pre-
	BioPstst- Post

	Only
	Only Student #
	Test Score
	Test Score

	
	
	
	

	CB&HO-
	CBHO#-
	OTWK#Tl- Off
	StudCode-

	Chromebook &
	Chromebook&
	Task Week #
	

	
	
	
	Student Code

	Hands-On
	HandsOn Student #
	Behavior Total
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Table G2. Tests of Between- Subjects Effects


Dependent

Variable:
PstIntvOT


	
	Type
	III
	
	
	
	

	
	Sum
	of
	
	Mean
	
	

	Source
	Squares
	df
	Square
	F
	Sig.

	
	
	
	
	
	
	

	Corrected Model
	51.425a
	
	3
	17.142
	2.629
	.060

	
	
	
	
	
	
	

	Intercept
	15.503
	
	1
	15.503
	2.378
	.129

	
	
	
	
	
	
	

	PrIntvOT
	50.445
	
	1
	50.445
	7.737
	.007

	
	
	
	
	
	
	

	Strategy
	2.599
	
	2
	1.300
	.199
	.820

	
	
	
	
	
	

	Error
	345.558
	53
	6.520
	
	

	
	
	
	
	
	

	Total
	797.000
	57
	
	
	

	
	
	
	
	
	
	

	Corrected Total
	396.982
	56
	
	
	

	
	
	
	
	
	



a. R Squared = .130 (Adjusted R Squared = .080)


Table G3. Tests of Between-Subjects Effects


	Dependent
	
	
	
	
	
	

	Variable:
	BioPstst
	
	
	
	
	

	
	
	
	
	
	
	

	
	Type
	III
	
	
	
	

	
	Sum
	of
	
	Mean
	
	

	Source
	Squares
	
	df
	Square
	F
	Sig.

	
	
	
	
	
	
	

	Corrected Model
	6890.286a
	3
	2296.762
	5.848
	.003

	
	
	
	
	
	

	
	
	
	
	
	

	Intercept
	29810.725
	1
	29810.725
	75.898
	.000

	
	
	
	
	
	
	

	BioPrTst
	56.757
	
	1
	56.757
	.145
	.707

	
	
	
	
	
	

	Strategy
	5924.684
	2
	2962.342
	7.542
	.002

	
	
	
	
	
	

	Error
	11783.243
	30
	392.775
	
	

	
	
	
	
	
	

	Total
	106700.000
	34
	
	
	

	
	
	
	
	
	
	

	Corrected Total
	18673.529
	33
	
	
	

	
	
	
	
	
	



a. R Squared = .369 (Adjusted R Squared = .306)
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Table G4. Pairwise Comparisons


	Dependent
	
	
	
	
	
	

	Variable:
	BioPstst
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	95%   Confidence

	
	
	
	
	
	Interval
	for

	
	
	Mean
	
	
	Differenceb

	
	
	Difference
	Std.
	
	Lower
	Upper

	(I) Strategy
	
	(I-J)
	Error
	Sig.b
	Bound
	Bound

	CB&HO
	ChromeBK
	13.486
	10.291
	.200
	-7.530
	34.503

	
	
	
	
	
	
	

	
	Hands-On
	31.054*
	8.069
	.001
	14.575
	47.533

	ChromeBK
	CB&HO
	-13.486
	10.291
	.200
	-34.503
	7.530

	
	
	
	
	
	
	

	
	Hands-On
	17.568
	9.719
	.081
	-2.281
	37.416

	
	
	
	
	
	
	

	Hands-On
	CB&HO
	-31.054*
	8.069
	.001
	-47.533
	-14.575

	
	ChromeBK
	-17.568
	9.719
	.081
	-37.416
	2.281



Based on estimated marginal means


*. The mean difference is significant at the .05 level.


b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).


Table G5. Mean Scores & Off Task Behaviors


	
	Strategy
	Off-task
	Biology

	
	
	
	

	
	CB&HO
	2.52
	65.33

	
	
	
	

	
	ChromeBK
	2.86
	50.00

	
	
	
	

	
	Hands-On
	2.65
	33.33

	
	
	
	



295

The Comparative Effects of Technology and Hands -On Modeling on High School Students’ Performance in a Biology Classroom


Author Information


	
	Kimesha Brooks
	Emily Surber
	

	
	https://orcid.org/0000-0002-4436-4899
	https://orcid.org/0000-0003-0585-6791
	

	
	Clayton State University
	Clayton State University
	

	
	Morrow, Georgia
	Morrow, Georgia
	

	
	USA
	USA
	

	
	
	Contact e-mail: esurber@clayton.edu
	

	
	
	
	

	
	
	
	

	
	Citation
	
	



Brooks, K., & Surber, E. (2022). The Comparative Effects of Technology and Hands-On Modeling on High School Students’ Performance in a Biology Classroom. In O. Noroozi & I. Sahin (Eds.), Studies on Education, Science, and Technology 2022 (pp. 261-296). ISTES Organization.


296

Studies on Education, Science, and Technology 2022

w w w . ist es. or g

Chapter 13 - The Relationship between Students’ Satisfaction and Motivation and their Perceived Learning Outcome in an Online Peer Feedback Module

Marzieh Parvaneh Akhteh [image: image13.jpg]


, Mohammadreza Farrokhnia [image: image14.jpg]


,

Seyyed Kazem Banihashem [image: image15.jpg]


, Omid Noroozi [image: image16.jpg]



Chapter Highlights

· Peer feedback is an effective instructional strategy to improve students' argumentative essay writing, especially in online learning environments.
· This chapter reported the results of s research study which explored students' satisfaction and motivation when engaging with online peer feedback activity and the relationships between students' satisfaction and motivation and their perceived learning in the context of argumentative essay writing.
· Forty-nine graduate students from a Dutch university participated in this study and followed an online module called "Argumentative Essay Writing" for three weeks.
· The findings indicated high satisfaction and motivation among students concerning the designed online peer feedback module.
· The current study’s findings showed that students with high motivation and satisfaction perceive a high level of learning when engaging with online peer feedback.
· The findings suggest that online peer feedback is a mediator which can affect students learning outcomes through motivation and satisfaction.
The Relationship between Students’ Satisfaction and Motivation and their Pe rceived Learning Outcome in an Online Peer Feedback Module


Introduction

With the emergence of new technologies in recent years, increasing attention has been paid to leveraging their potential for improving education at various educational levels, ranging from K-12 (e.g., Guan et al., 2021; Hassanzadeh et al., 2016; Hatami et al., 2016) to higher education (e.g., Abu Talib et al., 2021; Mystakidis et al., 2022). Research findings indicate that information technology provides teachers not only with effective and inflexible means for professional development (e.g., Bragg et al., 2021; Hu et al., 2021), but it also makes it possible for them to design flexible learning environments that are not constrained by time or space (Lai, 2021; Maphosa, 2021). In the technology-based learning environments, students can easily access various learning materials (Mahajan et al., 2020), share and discuss their ideas with other students (Li et al., 2021), and co-construct their knowledge (Farrokhnia et al., 2019).

In recent years, scholarly attention has been paid to using technologies to facilitate peer feedback in educational contexts (e.g., Noroozi et al., 2016, 2018; Valero Haro et al., 2019). Research evidence suggests that peer feedback can improve students' argumentative essay writing (Latifi et al., 2019), foreign language writing (Tian & Zhou, 2020), and domain-specific knowledge gain (Noroozi & Mulder, 2017; Latifi et al., 2021). According to Winne and Butler (1994), the information contained in peer feedback helps the learner to confirm, complement, overwrite, or restructure their domain-specific knowledge, metacognitive knowledge, beliefs, and cognitive tactics. In comparison to the traditional peer feedback, online peer feedback enables students to present and submit their contributions and re-review learning partners' submissions in a more structured way (Lin et al., 2001), allows educators the implementation of various types of scripts and scaffolding peer feedback processes that can guide learners towards a desirable mode of Eom interaction (Noroozi et al., 2016; 2021), and it provides students with the flexibility to modify their feedback through the learning processes (Yang, 2011).

Although scientific literature highlights the importance of online peer feedback for learning, a few studies have shown that online peer feedback can remain at the surface level and may not result in positive impacts on students' learning or even can negatively influence their learning processes (e.g., Cho & Schunn, 2007; Jermann & Dillenbourg, 2003; Tchounikine, 2008). These negative findings could be related to students' satisfaction and motivation with learning
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in online contexts. Recent research has shown that students' satisfaction with a learning environment significantly affects their engagement (Kandiko Howson & Matos, 2021) and that learners who are more engaged are more likely to adopt positive behaviors, especially in online learning environments (Liu et al., 2022; Rajabalee & Santally, 2021; Rodríguez-Ardura & Meseguer-Artola, 2016).

Students' satisfaction and motivation also affect their perceived learning in online contexts (Eom, 2015), making them key aspects in evaluating the effectiveness of online learning (Arbaugh & Benbunan-Fich, 2007; So & Brush, 2008). Peer feedback is considered a learning process (Nicol et al., 2014; Noroozi, 2022; Taghizadeh Kerman, Noroozi, et al., 2022), and thus, students' satisfaction with the learning experience that takes place in online peer feedback can play an influential role in the uptake and effectiveness of peer feedback (Mercader et al., 2020). According to scholars, if students are not satisfied with online peer feedback, they might not be willing to take it seriously and implement the received feedback in their works (Taghizadeh Kerman, Banihashem, et al., 2022).

So far, many studies have explored the learning benefits of online peer feedback for students (van Popta et al., 2017) and the relationship between peer feedback and students' success in academic contexts (Huisman et al., 2018; Simonsmeier et al., 2020; Strijbos et al., 2010). However, there is still a gap in understanding how online peer feedback influences students' satisfaction and motivation levels. More importantly, evidence is scarce about the relationship between these two critical variables and students' perceived learning outcomes due to receiving peer feedback in online contexts.

This study aimed to fill in these gaps in the literature by exploring students' satisfaction and motivation when engaging with online peer feedback activity and the relationships between students' satisfaction and motivation and their perceived learning in the context of argumentative essay writing. In this regard, the following research questions are formulated and addressed in this study:

RQ1. To what extent are students satisfied with online peer feedback activity in the context of argumentative essay writing?

RQ2. To what extent are students motivated by online peer feedback activity in the context of argumentative essay writing?

RQ3. What  is the relationship between students' satisfaction and motivation with
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perceived learning outcomes in argumentative essay writing?

Method

Participants

This research was conducted as part of a larger project at Wageningen University and Research during the academic year 2020-2021. As part of a larger project, one course from the social science domain was selected, and 49 graduate students (female: N = 35, 72 %, male: N = 14, 28%) participated in this research. The course was conducted on the Brightspace platform, and the students were required to follow a module called "Argumentative Essay Writing" for three consecutive weeks.

For the first week, students learned the basics of writing an argumentative essay, and they were asked to write an argumentative essay on one of the three provided topics (topic 1: Children and video games, topic 2: Genetically Modified Organisms (GMOs), topic 3: Climate change). For the second week, students were requested to critically review two of their peers' argumentative essays and provide feedback on their essays based on the given criteria. For the third week, students were requested to revise their original essays based on the two feedback sets that they had received from peers. At the end of the third week, students were asked to fill out a survey about their motivation, satisfaction, and perceived learning.

Instrument

A questionnaire with 38 items developed by Mehdizadeh (2008) and adjusted by Noroozi and Mulder (2017) was adapted to assess students' satisfaction and perceived learning experiences. To assess students' motivation, we used a questionnaire designed by Xiao and Lucking (2008) and adjusted by Noroozi and Mulder (2017). This questionnaire consisted of three main sections, and every section contained some subcategories:

· The first section (5 items) assessed students' perceived motivation and enjoyment of peer feedback.
· The second section (17 items) assessed students' satisfaction with three subcategories (Ease of use of the online module, satisfaction with the learning task, and Perceived
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fairness of peer feedback), and

· The third section (16 items) collected information on students' opinions on the Perceived learning with tree subcategory (Perceived effects of the domain-specific learning outcomes, Perceived effects of the domain-general learning outcomes, Perceived usefulness of peer feedback).
Procedure

To run this study, a course module called "Argumentative Essay Writing" was designed and embedded in the course within the Brightspace platform. The students followed the module for three consecutive weeks, and for each week, they were asked to complete specified tasks:

· In the first week, students were provided with introductory instructions on how to write an argumentative essay; they were asked to fill out an online survey about their demographic data and write an argumentative essay in English on one of the three provided topics, including
(a) the long-term impacts of COVID-19 on the environment,

(b) the role of private actors in funding local and global biodiversity, and

(c) ban on the use of single-use plastics.

· The course teacher selected the topics based on the given criteria, includ ing that the topic had to be controversial and rather new in the field of environmental economics and environmental policy. We considered the first draft of the essay as the pre-test.
· In the second week, students were asked to review two of their peers' argumentative essays and provide comments on them (30 to 50 words for each argumentation element – see next section) on peers' essay performance based on the given criteria embedded in the FeedbackFruits app within the Brightspace platform.
· In the third week, students were asked to revise their essays according to the two review sets they received from their learning peers and submit the revised version of the essay on the platform.
Analysis

Multiple Linear Regression and Pearson correlation coefficient methods were used to explore the students' motivation and satisfaction in predicting perceived learning outcomes in an
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online peer feedback environment. Descriptive statistic methods were also used to summarize the overall evaluation of students.

Results

RQ1. To what extent are students satisfied with online peer feedback activity in the context

of argumentative essay writing?

The results showed high satisfaction with online peer feedback activity in the context of argumentative essay writing (M = 3.86, SD =0.56), ease of use of the online module (M = 4.08, SD = 0.77), satisfaction with the learning task (M = 3.80, SD = 0.74), and perceived fairness of peer feedback (M = 3.75, SD = 0.82). Students' satisfaction with ease of use of the online module was at a higher level, and perceived fairness of peer feedback was at a lower level. Also, using overall satisfaction scores, students were divided into three groups. 30.4% of students were unsatisfied, 26.8% moderately satisfied, and 30.4% satisfied.

RQ2. To what extent are students motivated by online peer feedback activity in the context of argumentative essay writing?

Students' overall motivation for online peer feedback in the context of argumentative essay writing was above average (M =3.56, SD =8.2), similar to the result for each item: "I enjoyed giving feedback to my peers' works" (M = 3.71, SD = 0.95), "I enjoyed receiving feedback from my peers on my works" (M = 3.77, SD = 1.02), "peer feedback activities motivated me to engage in learning assignments" (M = 3.48, SD = 0.98), "I felt proud when I receive positive peer feedback on my works" (M = 3.93, SD = 0.98), and "I felt comfortable giving critical feedback to my peers' works" (M = 4.18, SD = 0.72).

RQ3. What is the relationship between students' satisfaction and motivation with perceived learning outcomes in the context of argumentative essay writing?

As shown in Table 1, there was a positive and significant relationship between students' satisfaction and their perceived learning outcomes in two subcategories, i.e., satisfaction with the learning task and perceived fairness of peer feedback. However, there was no relationship between the perceived usefulness of peer feedback with perceived learning. The result also showed a positive relationship between students' satisfaction with the learning task and
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perceived domain-specific and general learning outcomes. In addition, a positive and significant relationship was shown between students' motivation and their perceived learning outcomes in three subcategories, i.e., domain-specific, domain-general learning, and perceived usefulness of peer feedback.

Table 1. Relation between Students' Motivation, Satisfaction, and Perceived Learning


	
	
	r
	p
	significant

	
	
	
	
	

	
	Relation between motivation and perceived learning
	
	
	

	
	Perceived effects on the domain-specific learning outcomes
	0.42
	p = 0.007
	Yes

	
	Perceived effects on the domain-general learning outcomes
	0.60
	p < 0.001
	Yes

	
	Perceived usefulness of peer feedback
	0.67
	p < 0.001
	Yes

	
	Relation between satisfaction and perceived learning
	
	
	

	
	Ease of use of the module
	0.17
	p = 0.274
	No

	
	Satisfaction with the learning task
	0.63
	p < 0.001
	Yes

	
	Perceived fairness of peer feedback
	0.41
	p = 0.009
	Yes

	
	Relation between ease of use of the online module and
	
	
	

	
	perceived learning
	
	
	

	
	Perceived effects on the domain-specific learning
	0.03
	p = 0.830
	No

	
	Perceived effects on the domain-general learning outcomes
	0.19
	p = 0.245
	No

	
	Perceived usefulness of peer feedback
	0.02
	p = 0.878
	No

	
	Relation between satisfaction with the learning task and
	
	
	

	
	perceived learning
	
	
	

	
	Perceived effects on the domain-specific learning
	0.66
	p < 0.001
	Yes

	
	Perceived effects on the domain-general learning outcomes
	0.72
	p < 0.001
	Yes

	
	Perceived usefulness of peer feedback
	0.53
	p< 0.0004
	No

	
	Relation between Perceived fairness of online peer
	
	
	

	
	feedback and perceived learning
	
	
	

	
	Perceived effects on the domain-specific learning
	0.103
	p = 0.529
	No

	
	Perceived effects on the domain-general learning outcomes
	0.155
	p = 0.155
	No

	
	Perceived usefulness of peer feedback
	0.37
	p = 0.020
	Yes

	
	
	
	
	


Discussion, Conclusion, and Suggestions for Future Studies

This study explored the role of motivation and satisfaction and perceived learning with online
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peer feedback in an online context. The findings indicated that online peer feedback positively affects students' satisfaction, motivation, and perceived learning in the context of argumentative essay writing. These findings align well with previous studies (Barbour & Reeves, 2009; Hsu et al., 2019). Additionally, the findings showed a positive relationship between the motivation and satisfaction of students and their perceived learning outcomes in an online course utilizing peer feedback. This finding is also in line with previous studies showing that student satisfaction is influenced by and connected to motivation for learning (Gunawardena et al., 2010; Shen et al., 2013).

The statistically significant positive correlation between the usefulness and fairness of the peer feedback with the motivation and satisfaction of the students suggests the positive impact of peer feedback on these two main aspects of the course. These results are bolstered by a high overall evaluated score for the fairness and usefulness of peer feedback. These high scores are important indicators for the overall credibility of the reported results relating to the peer feedback. The results also suggest that online peer feedback can be utilized to enhance the learning experience and complement the instructor's efforts to increase students' motivation and satisfaction in argumentative essay writing courses.

Although the current study’s findings showed what features of the received feedback could predict students' attitude towards peer feedback in essay writing, it did not explore the role of provided feedback features in students' argumentative essay writing. It would be interesting to explore this in future studies and compare the effectiveness of the received and provided feedback features on students' attitudes towards peer feedback. This can provide insights into the role of the assessor and assessee in the feedback process and its impacts on students' attitudes towards peer feedback in the context of essay writing in higher education. Also, it would be helpful to explore the effect of other factors such as language, nationality, and culture on students' motivation and satisfaction when engaging with online peer feedback.

Note

This study is a part of a larger project funded by the Ministry of Education, Culture, and Science, the Netherlands, Wageningen University and Research, and SURF organization with the funding number: 2100.9613.00. OCW. This fund was awarded to Omid Noroozi. The authors declared that there are no conflicts of interest to disclose.
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Chapter Highlights

· This chapter aims to assess the impact of online learning among highschool students of Colegio de Juan de Letran Manaoag.
· The study used descriptive analysis to identify the statistical significant differences of student performance and behavior towards the use of online learning.
· The finding revealed that there were significant differences in students’ performance between average grade and year level with respect to their gender.
· There were no significant differences between students’ responses based on their gender.
· The implications of these findings have a positive impact in the assessment of using online learning with respect to the year level of students and academic performance.
· A discussion of the broader pedagogical implications should enhance the approach and improve collaboration among students in online learning.
Assessment in Students’ Performance and Behavior towards the Use of Online Platform through Data Analysis


Introduction

Education during the COVID-19 pandemic was the most serious problem and shook the entire world. This situation put a strain on education systems worldwide and forced educators to switch into online learning. Furthermore, exploring the importance of ICT in education has overcome the difficulties and embraced the importance of technology in a lifelong learning (Badali et al., 2022; Lamas, 2016). The adopting of digital learning were gradually reinforced and innovated the learning process to satisfy the quality of education and upgrade pedagogical approaches (Banihashem & Aliabadi, 2017; Dhawan, n.d.).

The implementation of different teaching modalities like online distance learning was modified and is ready to be deployed in the institution to sustain learning at all school levels. Moreover, the online learning environment has helped a diverse student population with a wide variety of learning styles and improved multimodal approaches to help each student attain academic success in their own way (Rebucas Estacio & Callanta Raga Jr, n.d.). To ensure quality of learning, the task of considering the online platform in the online learning environment will help students achieve their academic performance and maintain positive behavior (Mehrvarz et al., 2021). To support the needs of education for the new normal, the online learning environment shows an opportunity to continue the learning process, embrace the challenges, and sustain the needs of students while doing their online learning (Joko et al., 2020; Zwart et al., 2020; Shahali Zadeh et al., 2016).

The online learning model is widely recognized, and regulation is rapidly increasing to meet the needs of students (Khan et al., 2021). It is merely well-defined that an online learning environment should be utilized on different learning devices (e.g., mobile phones, laptops, computers, etc.) and with the aid of internet access (Dhawan, n.d.). It is said that the blended learning modality was convenient to use and considered a relatively inexpensive way of education (Nendra Pratama, 2020; van Alten et al., 2021). Flexibility is another interesting modality of online learning in which teachers and students may communicate at any time, while learners can schedule their time to complete the tasks available online (Dhawan, n.d.).

Learners expect great solutions to their learning processes through the availability of internet access and learning management systems (Ismail & Yin, 2020; Ogange et al., 2018). As such, the emails and social media were easy and accessible for learners to use. On the other hand,
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Blackboard is the primary learning management system tool used for online learning at Colegio de San Juan de Letran Manaoag (Rebucas Estacio & Callanta Raga Jr., n.d.).

Technologies are becoming a worldwide procurement tool to embrace innovations, especially in the field of education (Yu, 2021). Blackboard is one of the recommended online learning platforms in most institutions, and the features facilitate the needs of students in their learning process. It is accessible to students and teachers for the activities that are available online. Indeed, it was well-integrated into the subject, and students were encouraged throughout the quarter to utilize the learning content. The internet provides students with online resources and applications (Peng, 2017). Beforehand, students should have the privilege to access the LMS so instructors can interact, guide, and communicate with students anytime, anywhere, and can help individual interests in their learning approach (Davison & Dustova, 2017; Lamas, 2016).

The learning style adopted the synchronous and asynchronous ways of learning to continue education while facing difficulties in the COVID-19 pandemic (Martin & Bolliger, 2018). Furthermore, the Department of Education (DePED) in the Philippines advised schools and students to have good and stable internet connections, which is one of the requirements in the delivery as well as in the learning process (Peng, 2017; Noroozi et al., 2011). Fortunately, this approach was more interactive and responsive in real-time (Lamas, 2016). Learners can work and manage their activities, like writing their research projects, online (Kassarnig et al., 2018). Moreover, students’ behavior was incorporated into their performance. However, to measure their attitude, the study used a survey and there were different categories such as experience in the online learning platform, the environment, technical skills, and team collaboration (Rebucas Estacio & Callanta Raga Jr, n.d.).

Furthermore, participation in online classes and the development of technical skills, as well as active collaborations in online learning, were integrated and emphasized to further close the gap in the distance learning method (Dhawan, n.d.). The study focuses on the assessment of students’ performance and behavior towards the use of online learning among high school students. This research applied descriptive analysis to determine the impact of online learning and to identify the significant differences in academic performance using online learning among average grades at all grade levels with respect to gender. Additionally, this study also identifies the significant relationship of students' responses with regards to their gender (Joko
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et al., 2020; Nendra Pratama, 2020).

These challenges in educational institutions are not only identifying the right technology and using it but also reimagining the essence of education, thereby helping students and academic staff who are seeking guidance for digital literacy (Dhawan, n.d.). Challenges initiate educators, students, and parents to embrace the importance of technology. Thus, the purpose of this study is to strengthen the validity and continuity of online learning due to the uncontrollable increase of the COVID-19 pandemic (Dhawan, n.d.). The aim of this research is to identify the impact of online learning among high school students according to their year level and the significant differences in students’ performance between year level and average grade. And to determine if there are significant differences in behavior in online learning based on gender, and to identify the impact of students’ behavior on the online platform, online environment, technical skills, and team work.

Methodology

This research employs quantitative design in the data collection and data analysis procedures. The researcher used descriptive analysis for the study in the form of cross-tabulation and reliability analysis. The analysis of variance (ANOVA) was also performed in comparing the variables from the first gradeing period across all grade levels, and an independent sample t - test was explored in comparing the responses of male and female students (Nendra Pratama, 2020) (Martin & Bolliger, 2018). In the study of Florence Martin and Doris (2018), in order to compare two variables, they also used an independent sample t -test and the result was that for female students it was more important than for male students. To id entify the categories, an independent sample t test was also executed to retain the sequence of values defined by the average grade =87.625 and > 87.625 which was generated at random. The researcher used MS Excel for the data preprocessing and SPSS to cleanse the data for analysis. Afterwards, reliability analysis was applied to the dataset to identify the properties of measurement scales and the items that compose them, and filter irrelevant records from the dataset. There were five sections or sets in the survey questionnaires that had been distributed to the students.

In this study, a descriptive method in machine learning was explored, and the unsupervised learning approach was used to summarize the value of N=171 as respondents, classify the grade level and gender, and also extract the procedures to emphasize the results of the study.
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Initially, the researcher converted the gathered data from the Google form into MS Excel format. Data was sorted and cleansed, then analyzed through the Statistical Package for the Social Sciences (SPSS). To further analyze the data, data visualization was performed, and then reliability analysis was used to test the consistency of the data. Compared variables were also explored and also acquired the significance of variables through the processes of ANOVA and Independent T-test for the validity of single variables. In addition, data visualization was shown through Tableau design.

Participants

This study involves the highschool students of Colegio de San Juan de Letran Manaoag, from Grade 7 to 10. There were 33 students in grade 7 (13 males & 20 females), 33 students in grade 8 (21 males & 12 females), 40 students in grade 9(16 males & 24 females), and 65 students in grade 10 (33 males & 32 females), a total of 171 number of students population in AY 2021-2022 (see Figure 1).


Figure 4. Demographic Information for the Student by Year Level

Testing Materials

The survey questionnaires in this study has been adapted from Fortune, Spielman, and Pangelinan (2011) and was modified some questions which were only applicable in the study.
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This survey was used to investigate students’ behavior towards the use of online learning.The instrument used in this research was a five-point Likert-scale questionnaire (1-Strongly Disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly Agree). The survey made them aware that the survey was anonymous and voluntary. The questionnaires consist of four types: For a total of 17 items, (a) learning platform has 6 items, (b) learning environment has 5 items, (c) technical skills has 4 items, and (d) teamwork has 2 items.

To utilize the data, the researcher used a statistical package for the social sciences (SPSS) to test the data and get the results. Meanwhile, data was also interpreted from Tableau for the demographic visualization. MS Excel was also used in this study for organizing the needed data and for the analysis and cleansing of the data for errors. For determining the means and standard deviation, the researcher used a cross-tabulation approach to sort the data that fit into the analysis. Afterwards, the descriptive statistics facilitate the summary of the data.

The percentage distribution of the population by gender showed that there were (52%) of females and (48%) of males (see Table 1). To utilize the needs for the investigation, MS Excel, SPSS, and Tableau helped the researcher identify the results or impact of the online learning.

Table 9.Percentage Distribution of Students by Gender


	
	Gender
	Percentile
	Total

	
	
	
	

	
	Male
	48%
	82

	
	Female
	52%
	89

	
	
	
	


The five-point Likert scale was considered an interval scale. The study used mean significant from 1 to 1.8, which means strongly disagree; from 1.81 to 2.60, it means disagree; from 2.61 to 3.40, it means neutral; from 3.41 to 4.20, it means agree; and from 4.21 to 5, it means strongly agree, as shown in Table 2.

Data Analysis

This study is a quantitative research and used descriptive analysis for finding the impact of student’s performance and behavior in using online learning. The study applied the following
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test to get the reliability analysis for the consistency of data and analysis of variance to test differences of variables like average grade, year level and gender.

Table 10. Likert-scale Interval of the Students’ Responses


	Likert-Scale Description
	Likert-Scale
	Likert Scale Interval

	
	
	

	Strongly disagree
	1
	1.00-1.80

	Disagree
	2
	1.81-2.60

	Neutral
	3
	2.61-3.40

	Agree
	4
	3.41-4.20

	Strongly Agree
	5
	4.21-5.00

	
	
	


Data Collection

The grade of students were collected during the first grading period of academic year 2021-2022. Moreover, the categories were significant in gender, with the probabilities of (0.5), the year level, and average grade from the first grading period, the average grade of students in different grade levels was broken down by male and female. Color shows details about grade level. The highest grade among the grade level was from grade 10 female students with the average grade of 88.805. This research use average grad e to reflect the students’ performance with respect to gender.

The purpose of this study is to assess the performance and behavior of these students by gender in the online learning and evaluate if students were really performing well in their online learning and teachers might improve teaching approach of the students’ performance were acquired using the Blackboard’s online assessment tool. Part of the survey also included age, gender, and grade level. The survey was designed and administered in Google Form and distributed through social media. The researcher reviewed and modified the survey questionnaires that were only applicable in the study. Furthermore, this survey helped the study reveal the needed information from the students experiencing online learning in the highschool level during the pandemic. Additionally, based on the previous study of Saras Krishnan (2016) the survey was useful and explored the value and impact of online learning mode in hybrid mathematics course and it was revealed that the result was positively significant.
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Data Cleansing

After gathering the survey, the researcher collected and combined data from Google form and collected the grades of students from the advisers by grade level. The process of cleaning the data involves removing inaccurate data and transforming it into corrected types of values that might damage the result. The researcher organized the data by identifying the independent variables and dependent variables. also categorized into nominal or ordinal types of d ata.

Data Processing

Initially, in data analysis, the data description of a dataset containing Likert -type behavior was converted into a five-point scale for analysis. The results of the survey were analyzed using descriptive statistics to get the total respondents by gender and year level, using the following properties such as frequency, mean, and standard deviation to show the data. The use of the independent sample t-test was initiated to test the normality distribution of variables such as grade levels and gender average grades.

Furthermore, the use of SPSS in performing the reliability analysis and for the internal consistency of data was explored. Using analysis of variance to investigate the means of difference between variables such as average grade, grade level, and gender (see Figure 5 and Figure 3).


Figure 6. Percentage Distribution of Grades by Gender
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The mean grade among the high school students was equal to 86.67, (median=87.63) and (mode=91.75). A minimum grade is 75 and a maximum grade is 92.75. It also shows that the normal distribution revealed through descriptive statistics was valid. Furthermore, grades were illustrated in the histogram with a mean grade of 86.67 in an N=171 total number of students (Kassarnig et al., 2018).


Figure 7. Normal Distribution of Student Average Grade

The average grade of students in different grade levels were broken down by male and female. Color shows the details about grade levels. The highest grade among the grade level was from grade 10 female students with the average grade of 88.805. This research use average grade to reflect the students’ performance with respect to gender. The purpose of this study was to determine the impact in the performance and behavior of the students by gender in the online learning and to evaluate if students were performing well in their online learning and enabled them to integrate learning from their teachers online. This study help the teachers be aware of the learning outcome of students and enhance their pedagogical approach.

The researcher had gathered the data right after their first grading period. And students’ responses reflect the behavior of students in the online class. Furthermore, this study used statistical test on analysis of variance (ANOVA) to assess students’ performance into year levels and compare its variances (Nendra Pratama, 2020). To identify the significant
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differences in average grade and year levels with respect to gender, the linear regression was used to plot the relationship between year levels and average. The significant difference between grade levels with their average grade was found valid with a (p-value= 0.000125) in this test the (Fcrit=2.658) was less than the (F=1.61498).

The study found out after the ANOVA test, that the significant differences were identified. However, in male category the results from the given test were, grade 7 with a variance of (17), grade 8 has (33), grade 9 has (13) and grade 10 has (19). For female category, grade 7 has 10 in variance, grade 8 has 12, grade 9 has 19 and grade 10 has 8. However, there were large differences in variance among grade levels. The study used Cronbach's alpha to provide a measure of internal consistency of scale (see Table 3).

Table 11. Analysis of Variance of Students’ Performance Based on Grade Levels


	
	
	Male
	
	
	Female
	

	
	
	
	
	
	
	
	
	

	Level
	C
	S
	AVE
	V
	C
	S
	AVE
	V

	
	
	
	
	
	
	
	
	

	7
	13
	1117.9
	86
	17
	20
	1752.4
	88
	10

	8
	20
	1676.5
	84
	33
	13
	1155.3
	89
	12

	9
	16
	1346.4
	84
	13
	24
	2088.1
	87
	19

	10
	33
	2839.6
	86
	19
	32
	2841.8
	89
	8


	ANOVA
	
	
	
	
	

	Source of
	
	
	
	
	

	Variation
	SS
	df
	MS
	F
	P-value   F crit

	Between Groups
	511.4671
	7
	73.067
	4.5195
	0.000125  2.066

	Within Groups
	2635.199
	163
	16.167
	
	

	Total
	3146.666
	170
	
	
	

	
	
	
	
	
	


Reliability Analysis

The columns show the general value of Cronbach's alpha (=.89) and whether the data was reliable (Krishnan, 2016). The online learning platform (OLP) consisted of 6 items ( =.89) and internal consistency was good. The online learning environment (OLE) subscale consisted of 5 items ( =.78) and internal consistency was good. The technical skills subscale consisted of 4 items ( =.66) and internal consistency was acceptable. However, the team work
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subscale consisted of 2 items ( = -1.498) and it denotes that this part of the questions was not supported based on the scale in Cronbach’s Alpha (see Table 4).

Table 12. . Likert Scale Internal Consistency of Students’ Responses


	
	Statement
	N
	Items
	Cronbach’s Alpha
	Internal Consistency

	
	
	
	
	
	

	
	Learning Platform
	171
	6
	.89
	Good

	
	Learning Environment
	171
	5
	.78
	Good

	
	Technical Skills
	171
	4
	.66
	Acceptable

	
	Team work
	171
	2
	-1.498
	Unacceptable

	
	Total
	
	17
	.89
	Good

	
	
	
	
	
	


Results and Discussion

The data was carried out from the gathered data through a survey and the average grade of students in the first quarter. The intention of the survey was to determine the students’ behavior in the online learning environment upon using the platform, their experiences during synchronous learning, enhance their technical skills and describe their collaboration as a group during online group activity.

Impact in the Students’ Performance

The study identified the means and standard deviation of average grade by grade levels wit h respect to gender. In male category, grade 7 has (M=86, N=13, SD=4.17, grade 8 has (M=84, N=20, SD=5.72), grade 9 has (M=84, N=16, SD=3.64), grade 10 has (M=88, N=23, SD=3.76). In female category, grade 7 has (M=88, N=20, SD=3.11 grade 8 has (M=89, N=13, SD=3.42), grade 9 has (M=87, N=24, SD=4.35 grade 10 has (M=90, N=22, SD=2.40. Hence, the results revealed positive impact on students’ performance even among year level and among gender (see Table 5). In this instance, descriptive statistics were needed in the form of tabulation and determine the results from the survey. Independent sample t -test was used to compare the responses of male students with female students. To help understand the conversion of the assessment in behavior, the five point likert -type was used (Nendra Pratama, 2020). In some studies about online learning and student performance, in the study of virtual campus of Maseno University in Kenya, most students who participated in t he
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study reported that they received instant feedback and motivated to study beyond the normal classroom hours. To identify the impact of online learning among Highschool students according to their grade level with respect to gender, one way analysis of variance was used. To meet the standard learning process, accessibility of online learning platform for the students in the new normal must be updated and accurate. In actual scenario students of CDJDLM used Blackboard as online platform to facilitate the needs in education as a distance learning and able to enable their learning competencies.

Table 13. Means ± Standard Deviation of Students’ Performance by Year Levels and Gender


	
	Grade
	
	Male
	
	Female
	

	
	Level
	Mean
	N
	SD
	Mean
	N
	SD

	
	
	
	
	
	
	
	

	
	Grade 7
	86
	13
	4.17
	88
	20
	3.11

	
	Grade 8
	84
	20
	5.72
	89
	13
	3.42

	
	Grade 9
	84
	16
	3.64
	87
	24
	4.35

	
	Grade 10
	88
	23
	3.76
	90
	22
	2.40

	
	
	
	
	
	
	
	


The study measure the sum of all the responses by gender. The male group (N=82) was associated with a mean of students responses numerically diminutive, (M=61.8415, SD=7.94). By comparison, the female group (N=89) was associated with a mean of students responses (M=62.64, SD=9.45) was slightly higher than male. By comparison, the female group (N=89) was associated with a mean of students responses (M=62.64, SD=9.45) was slightly higher that male. To test the hypothesis that the male and female were associated with statistically different in mean, the increase in students’ responses were performed through an independent sample t test. The male and female distributions were sufficiently normal for the purpose of conducting a t-test. Additionally, the assumption of homogeneity of variances was tested and satisfied via Levene’s F test, F (169) = 6.52, p=.012, (see Table 6).

Table 14. Means Differences Students’ Performance by Gender Sum Of Students’ Responses


	
	Gender
	N
	Mean
	Std. Deviation
	Std. Error Mean

	
	
	
	
	
	

	
	Male
	82
	61.8415
	7.94187
	.87703

	
	Female
	89
	62.6404
	9.44632
	1.00131

	
	
	
	
	
	



322

Studies on Education, Science, and Technology 2022


The independent samples t-test was associated with a statistically significant effect, t (169) =-

.596, p-value=.552. Therefore, the male group were associated with statistically significantly lesser mean than female group in the online learning (see Table 7). The summary of mean score of student’s responses from the survey. In terms of the assessment of online learning platform, the students overall response were agree (M=3.91) that the platform was helpful in their study. Students agree that in their current learning environment (M=3.45) situation online was useful and easy way of communicating to their teachers as well as their classmates. Students’ regular activities and projects were all perform in digital form, based on the result students were agreed that their technical skills were improved.

Table 15. Independent Sample t-Test in Gender


	
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	
	
	
	
	
	

	
	
	F
	Sig.
	t
	df
	Sig. (2-tailed)

	
	
	
	
	
	

	
	Sum  Male/ Female  6.524
	.012
	-.596
	169
	.552

	
	
	
	
	
	
	


However, team work makes the students more challenged due to the type of collaboration and they were neutrally agreed on the difficulties that they encountered during online activities. Likewise from the study of Florence Martin and Doris U. Bolliger that collaboration learner-to-learner interaction were thought of as least important and same with this study (Martin & Bolliger, 2018; Noroozi et al., 2011). In some studies, like Shivangi Dhawan,in their research stated that technical difficulties hinder learning process as well as emotional distress or increased frustration and confusion tend their learners not confident enough to work as a group online. In the study of Gillet-Swan, Jenna (2017), one of the challenges in online learning is the participation of students was in group-work activities which this study had also encountered difficulties and teachers strategized their learning assessment online activities to enhance collaboration among students (see Table 8).

Table 16. Mean Score of Students’ Responses in the Online Learning


	
	
	Learning
	Learning
	Technical
	Team Work

	
	
	Platform
	Environment
	Skills
	

	
	
	
	
	
	

	
	Mean
	4.216
	3.7096
	3.79096
	2.8304

	
	Result
	Strongly Agree
	Agree
	Agree
	Neutral
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The finding revealed that there were no significant differences in mean in the online learning platform in male (M=4.2, SD=.5515) compare to female (M=4.2, SD=.6403) (see Table 9). In online learning environment (OLE), male students has (M=3.65, SD=.550) compare to female (M=3.76, SD=.519) no mean differences, Technical skills (TECH) (M=3.778, SD=.42630) and in female (M=3.818, SD=.5149) and Team work male (M=2.80 SD=.295) in female (M=2.857, SD=.301).

Table 17. Means Differences of Students Responses Based on Gender


	
	
	
	
	Group Statistics
	

	
	
	Gender
	N
	Mean
	Std. Deviation
	Std. Error Mean

	
	
	
	
	
	
	

	OLP
	Male
	82
	4.232
	.5515
	.0609

	
	
	Female
	89
	4.202
	.6403
	.0679

	OLE
	Male
	82
	3.6545
	.55046
	.06079

	
	
	Female
	89
	3.7603
	.51917
	.05503

	TECH
	Male
	82
	3.7780
	.42630
	.04708

	
	
	Female
	89
	3.8180
	.51491
	.05458

	TEAM
	Male
	82
	2.8008
	.29565
	.03265

	
	
	Female
	89
	2.8577
	.30104
	.03191

	
	
	
	
	
	
	


To sum up the result, based on the scale, male students and female students had the same Likert type behavior no significant differences with p-value of .552, this means that the responses among male and female implies same impact in online learning with regards to platform, environment, technical skills and team work collaboration, which means that equal implication from the two groups was satisfied the result.

Based on the students responses from online learning platform (see Table 10), statement 6 stated that the responses of students in using Blackboard as online platform was useful and sufficient in their learning. The mean (M= 4.216, SD=.5978) indicated that the majority of students strongly agreed that online platform was easy to use both by the students and teachers. It also added that in statement 6 (M=4.047, SD=.846), students were strongly agreed that the platform was readily available and accessible as long as there is an internet connection in any devices such as laptop, desktop, mobile phone and the like. In the study of Nendra Pratama, Ujang, the student responses regarding online learning platform has positive
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4.047  .846  Agree

4.216 .5978 Strongly Agree

Table 18. Mean and Standard Deviation of Online Platform

Mean  SD  Interpretation
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results from their survey using inline platform. This study revealed that online platform has a greater impact to students in their learning, the accessibility of the platform continued to accomplished their obligations and responsibility in their subject matter. Also, in Indonesia studied by (Rasmitadila et al., 2020), during the pandemic, online learning in Indonesia was found to be successful by determining the readiness of technology in line with the curriculum, support and collaboration among its stakeholders.


Statements


	1.
	The online platforms were sufficient to serve the
	.825
	Agree

	
	3.965
	
	

	students.
	
	

	2.
	The online platforms were in  excellent condition
	.858
	Agree

	
	3.801
	
	

	during the discussion.
	
	

	3.
	The online platforms were easy to use both by the
	.874
	Agree

	
	4.012
	
	

	students and the teachers.
	
	

	4.
	The online platforms used solicited more engagement
	.916
	Agree

	
	3.766
	
	


from the participants.

5. The online platforms used are easy to navigate and use. 3.924  .914  Agree

6. The online platforms used were readily available and

accessible.

TOTAL


Students’ experiences in the online learning environment based on the responses of students, the highest mean (M = 3.71, SD =.771) (see Table 11), which means that students help them comprehend the resources posted in the online platform and make it easier to meet their needs and easier to communicate with their teachers (Yu, 2021). Both students' satisfaction and academic achievements depend on their prior knowledge and experience in relation to online learning. This research is intended to investigate students' satisfaction and academic achievements in relation to online learning platforms in higher education in Malaysia. (Abuhassna et al., 2020).

The sum of the mean in students’ technical skills was equal to (M = 3.7988, SD =.47353), which indicates that the students agreed that their technical skills were improved. The highest
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Mean

SD   Interpretation
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mean of (M = 4.064, SD =.6786) indicated that it was easy for them to submit their homework and activities online and made it easier to communicate with their teachers (see

Table 12).


Statement


	1. The learning environment helps me comprehend the
	3.71
	.771
	Agree

	resource materials online
	
	
	

	
	
	
	

	2. An online environment make web site easier for me to
	3.386
	.9347
	Neutral

	communicate with my teachers.
	
	
	

	
	
	
	

	3. I feel comfortable responding to questions in virtual
	3.368
	.8738
	Neutral

	discussions
	
	
	

	
	
	
	

	4. The online platform makes it easier to meet my learning
	3.427
	.9198
	Agree

	needs
	
	
	

	
	
	
	

	5.The online learning environment helps me  to learn subject
	3.363
	.8593
	Neutral

	materials better
	
	
	

	TOTAL
	3.7096
	.53546
	Agree

	
	
	
	


Table 20. Mean, Standard Deviation of Students Responses in Technical Skills


Statement
Mean
SD
Interpretation


1. My technical skills email, Internet have improved

	since taking the Online Learning
	3.906
	.8961
	Agree

	
	
	
	

	2. Access to the Internet email makes it easier to
	3.678
	.8922
	Agree

	communicate with my teachers
	
	
	

	
	
	
	

	3. The use of technology Interferes with my ability to
	3.345
	.9721
	Neutral

	accomplish the required Tasks
	
	
	

	
	
	
	

	4. I value the use of technology for submitting my
	4.064
	.6786
	Strongly Agree

	homework and written activities
	
	
	

	
	
	
	

	TOTAL
	3.7988
	.47353
	Agree

	
	
	
	


In addition, 83 (96%) percent were in neutral (M = 3.111, SD =.857) when working as a team in an online learning environment, indicating neither positive nor negative collaboration (see Table 21). Teamwork in online learning has a slightly positive impact on the students in


326

Studies on Education, Science, and Technology 2022


terms of collaboration in virtual meetings but a negative impact during the actual implementation of the given performance task. Likewise, in the study of Martin, Florence, and Bolliger, Doris U. emphasized that the engagement of students working as a team online was also beneficial but merely challenging for the students as well as teachers. In the literature, it is noted that the ability of collaborations between students and their teacher reduced the perception of separation between learner and educator (Abuhassna et al., 2020).

Table 22.Frequency Table for Team Work or Collaboration


	
	Statement
	SD
	D
	N
	A
	SA
	Total

	
	
	
	
	
	
	
	

	
	1.It  was  difficult
	to  work  with  my  team
	17
	80
	58
	14
	171

	
	
	2
	
	
	
	
	

	
	group because of the mode of team learning
	
	
	
	
	

	
	2.It was easy to work with my team online
	27
	83
	48
	6
	171

	
	
	7
	
	
	
	
	

	
	because of the online learning environment
	
	
	
	
	

	
	
	
	
	
	
	
	


Conclusion

Online learning plays an important role in education during the pandemic. The massive implementation of online learning was not only in higher education but also in the high school level. However, the delivery mode in education supports and enables the learning process. This study found that online learning has a great impact on students' performance and behavior. The results of this research showed that online learning provides adequate approaches for high school students and motivates their performance with positive behavior. The study implies that an online learning platform was proven to be good and helpful from the responses of the majority of the students. The students’ performance revealed a positive impact of online learning from high school students in terms of year level or by gender. The responses of students in online learning toward the use of online platforms help them acquire learning and attend classes regularly and virtually. This study found out that students who were longer exposed to online learning didn’t reflect the highest test scores among students, but rather revealed the most active among the year level. Teachers may diverge their teaching not by gender or grade level but through strategizing the students’ learning content upon executing their approach, especially during group activity or collaboration among students. Hence, it was realized that technology has a significant role in helping enhance student learning and provide them with easy access to their learning needs online. However, their
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learning environment helps them participate in the online platform and makes it easier to communicate with their respective teachers. The continuity of online learning was complemented by the sustainability of quality in education. Hence, the researcher recommended a comprehensive module for collaboration in group activities to increase the psychological interest of students. Online learning is thus important and can assist students in achieving their goals through the Web, which is a convenient tool to facilitate students' needs and is prepared for hyflex learning modality.
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