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This paper aimed to review several publications on Biology teaching strategies 

by utilizing digital technology innovation to improve quality and learning 

outcomes. We selected study designs for several well-known publications, 

including Elsevier, Sagepub, ERIC, Google Books, and ResearchGate 

publications published in the last ten years to complement this paper. After the 

energy we need is gathered, we analyze as much data as possible with an 

exploratory approach to answer the research problem. For example, a study 

system that starts from data extract involves a coding and evaluation system 

and in-depth interpretation so that the data can be understood and answer 

questions with elements of high validity and reliability. We conclude that 

teaching with digital learning applications as learning resources refers to 

digital resources such as software, programs, or websites that engage students 

in biology learning activities and support learning objectives such as biology 

curriculum directions. Grounded strategies based on research evidence 

organize learning, so students think actively about biology from theory to 

application. Thus, the results of this study are helpful for the development of 

further research. 
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1   Introduction 
 

Biology learning activities occur under conditions that are not liked by students in Indonesian secondary schools 

(Prabowo et al., 2016; Putra et al., 2020). This could mean that students know that many students in other parts of the 

world, for example, enjoy learning with all kinds of technology (DiLullo et al., 2011). This technology-assisted 

learning activity serves as a portal to the world of biology, enabling them to gain hands-on experience with the methods, 

ideas, and emotions that come with actual study (Andarini, 2012). Others see biology laboratory practice as a pre-

coordinated exercise, a detailed derivation of already studied solutions to seemingly insignificant problems. In teacher 

experience as a classroom biology teacher, one of the main challenges with classroom learning activities with only a 

whiteboard and the help of a high school biology teacher is that the instructor feels unprepared. Because it is not 

practical and takes a long time to demonstrate or carry out activities in the laboratory, this happens often. It turned out 

to be the main contributor to their disinterest in helpful work, namely by using technology such as digital applications 

(Andarini, 2012).  

If the old system is without technology, the class feels very dull, and the topic is minimal. If students are required 

to pass an external exam, the teacher must follow the exam curriculum. According to high school biology laboratory 

research, many of them are underfunded and have outdated equipment (Davies et al., 2013; Maesaroh et al., 2020). 

Most high school biology students have difficulty learning and understanding biology topics, according to the 

classroom experience especially, especially in class. This indicates students' inability to successfully communicate, 

cope with fundamental everyday problems, and make predictions (Svoboda & Passmore, 2013). However, considering 

the condition and inability of students to utilize the biology knowledge from the teachers to explain natural biological 

phenomena, the limited ability of the teachers or the ignorance of the biology teacher's technology towards their 

students is very concerning. Finally, the solution for learning biology with digital is where practicum activities take 

place, allowing students and teachers to collaborate. So that biology practicum assignments and presentations are no 

longer as unattractive as they used to be when done in class (Phillips & Trainor, 2014).  

Looking at the teaching activities of biology in Indonesia, we can see that today's practical courses will be taught 

in a lecture-style that has not changed over the last few decades (Putri et al., 2020). Women are the most significant 

part of the teaching staff, so women also have the most potential to learn biology teaching methods by integrating them 

with technology so that they can attract and inspire their students, but no longer by using a long lecture-style because 

it allows them to collaborate under a technology guide (Saputri, 2019). Once again, in this millennial century, high 

school teachers in Indonesia continue to use "printed books" as biology teaching materials, separating textual and 

digital experiments and remaining alone. This teaching approach shall not happen again. Ideally, the instructor is not 

just a source of data and knowledge. This strategy is not able to develop students' understanding of science or their 

belief in them. All things being equal, it counteracts the best feasible science technique, where students perform their 

tests under the instructor's control. All of that would be possible if the technology already existed between them (Tripp, 

2011). Why not present students with real problems and encourage them to compose their answers rather than the 

teacher showing them what to do in front of the class? Perhaps, teachers use research facilities/equipment inaccessible 

as an excuse, just as technology is considered a luxury measure issue, whereas digital technology is like food to survive 

in today's world. However, it must be acknowledged that some food is poisonous. Likewise, some are mismanaged in 

technology to become technology poison for users or students (Liakos et al., 2018).  

Technology must be a fundamental learner mover in any class because, behind the current status, things in 

education are facilitated by science, which is close to technology in elementary schools with options. This is within 

the framework of the technocrat's thinking and especially in the valuable characteristics of the scientific study space 

educator itself, both visible and unattainable in the school setting. School students with optional should be assisted by 

technology that pays little attention to age group, location, or even their ancestral origins, which have proven to be 

comparatively enthusiastic about logical technology, including the biological sciences themselves (Franklin, 2013). 

Regardless of whether the condition of schools in developed areas or not. Ideally, students should be helped because 

they do not change unless they are changed. The number of students offering science as an optional school biology 

subject has increased recently in Indonesia and other developing countries. Students are attracted to medical care calls 

because of the visible advantages (Batz et al., 2015). However, other components cannot be achieved if our children 

can only be less useful at work. Many of the most critical problems of the twenty-first century are relied on to have 

natural roots: preventing and tackling deadly diseases such as AIDS, finding sources of organic materials and energy, 

and caring for the world's rapidly growing population, some of the best examples of the times in which students are 

living is located (Landrain et al., 2013).  
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Furthermore, the Biology of science is near the edge of technology to solve some of science's most complex 

questions without the help of technology. How to understand the animal is big and growing? (Benton, 2013). So the 

solution is to search and immediately get the answer. How much is advised for us to have the choice to control nature, 

and how much is advised for us to have the choice? (Song et al., 2017). The rapid progress of data innovation 

underscores the power of progress, coordinated with the rapid increase of organic information, which is a strong driver 

for change. The topic that binds together in the new data innovation pattern is to move away from traditional learning 

and presenting "old books" that describe addresses and towards a more inclusive, dynamic, and explorative preparation 

of common-sense intelligence (Myers, 2019).  

When students are exposed to such scientific methods in biology classroom practice, they are bound to acquire 

qualities such as interest, critical thinking, innovation, and persistence, which are essential in the science of integrated 

technology. During research facility assignments, advances in data, such as tapes and laser plates, and complex 

computers and laptops and intersectional innovations, may be able to reevaluate the relationship between science 

educators and their students. The problem faced by optional school science educators in Indonesia as a large developed 

country is the absence of subject information and entry into the scope of other hardware to teach science in an integrated 

manner with adequate learning technology like in developed and reputable neighbouring countries (Pearce et al., 2012). 

 

 

2   Materials and Methods 
 

This article examined various papers on Biology teaching methods that included digital technology advances as part 

of attempts to enhance quality and learning outcomes, becoming more popular in all areas, including work and study 

(Johnson et al., 2010). To supplement this article, we chose study designs from many well-known publications, 

including Elsevier, Sagepub, ERIC, Google Books, and ResearchGate papers released in the past ten years. We used 

secondary data since the public limitation policy was in effect at the time of our study, and the government's attempts 

to react to the epidemic were still a question mark as to when it would stop. After gathering the power, we needed, we 

used an experimental method to analyse as much data as feasible to solve the study issue. For instance, a research 

system that begins with data extraction includes a coding and assessment system and in-depth interpretation so that the 

data can be comprehended and questions can be answered with high validity and reliability. We follow data qualitative 

in designing this paper report Irwin (2013), in the qualitative data for secondary analysis in an ethical epistemology 

and social context (Klein & Ford, 2003; Bicalho et al., 2009). 

 

 

3   Results and Discussions 
 

In the results section, we present the results of a study on a number of evidence from publications that are serious about 

the importance of technology in the pursuit of biology for Indonesian conditions. 

 

School situation 

 

Observing school conditions and the needs of biology education, facilities for science educators, the answer is 

technology and application capabilities, and additional health (Kangas, 2010). To make learning progress from their 

old approach to using modern technological gadgets and take a variety of ways to handle insightful lab exercises to 

have a significant understanding of the rapidly evolving nature of information, interfaces and meet the needs and 

difficulties in a rapidly evolving world of mechanics (Patterson & Hennessy, 2016). This can install much enthusiasm 

in students' research facilities and lab activities and open doors to improve their learning outcomes. In science research 

center activities, quality, innovative tools, teaching science is difficult, but daily activities in the lab have unique 

challenges that make it a demanding job requiring advanced skills (McHaney, 2012). The new bearing in scientific 

research facilities is using mechanical gadgets to enhance students' learning and teaching experiences. This new trend 

has swept through optional biological science laboratories in developed countries, where a clear and astonishing change 

in the way students learn has taken place. However, this is not easy for the government unless each individual teacher 

is willing to change by means of the teachers' self-initiative (Groff, 2013).  

According to Ihsan et al. (2017), the condition of schools in Indonesia is indeed an important note not only for 

academics and stakeholders in Indonesia as a developing country but also for the general public when making difficult 

choices regarding school care that can achieve reasonable goals, biotechnology, the environment, and the environment. 
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Environment. Other problems involving science (Purcell, 2014). Science training is being rethought thanks to new 

mechanical gadgets as assets in the activities of scientific research facilities. Understanding what these tools are and 

how to use them is essential knowledge for teachers and their students. Since they were found to offer students a large 

amount of up-to-date knowledge about new advances for scientific operations in research facilities, the benefits of new 

innovative gadgets have been identified (Vakulenko et al., 2019). The adaptability that students need to understand 

education center administrators highlights the forces and approaches that drive quickly. 

Moreover, as science recognizes a clear quality improvement in robotic exploration, researchers understand their 

obligations have shifted (Kumaravadivelu, 2012). They should give birth to future specialists and analysts, but also a 

typically equipped population. As new computer applications can reproduce lab associations, such as ingenious lab 

handbooks, the introduction of electronic checkpoints is turning into a reality (Sirius & Cornell, 2015). This gadget is 

an excellent navigation guide with visual and visible allure. They are precious for revealing something to students. The 

use of these new mechanical resources will help change the atmosphere in science research office classrooms and 

provide (Osborne, 2014). Opportunities to engage students in essential thinking and critical thinking; Opportunities to 

work out the informational value of the activity; Stimulate students' desire to master; The reasoning capacity required 

to acquire and apply sufficient technology so that results can be improved can be seen (Ottenbreit-Leftwich et al., 

2010).  

 

Technology and learning outcomes 

 

Individual students learn in further education has changed significantly due to innovative advances (Rowland, 2012). 

In contrast to traditional conversation-based learning, which considers students as separate recipients of data with no 

place for student contributions or innovations, innovation-based learning fosters student creativity and further develops 

student outcomes by adopting holistic learning strategies. Students can do anything from transferring recorded 

conversations to referring to computerized translations of class-covered subjects using technology-based learning in 

further education so that learning is more accessible and personalizes students (Da Silva & Las Casas, 2017).  

 

Customized and personalized learning 

  

Refers to various learning experiences and instructional methods in meeting learners' various learning needs, interests, 

and backgrounds (Phillips & Trainor, 2014). For further education students, innovation takes a fundamental part in 

modifying and individualizing their schools. Innovation empowers instructors to give individual students more 

opportunities by reducing the need to deliver large enormousts of material. It turns out that it is much easier for 

educators to change their training strategies to suit students' interests and prerequisites because they have more 

opportunities to understand and engage with them (Senge et al., 2012). In addition, incorporating innovation into the 

classroom provides excellent results for children with special needs to learn more successfully. For example, it 

empowers students to study at their own pace and quickly return to exam subjects. Students who study the Internet and 

other mechanical devices approach various assets that enable them to participate and lead research in various ways, 

improving student learning outcomes towards personalizing learning in their lifetime (Su & Cheng, 2015).  

 

An agreeable disposition 

  

Referring to the discussion of learning technology in the country, extensive activities and concentrating alone in the 

library are similar to the usual advanced education model of the past. However, it is different; several future developing 

institutions are increasingly advancing online synergistic learning techniques (Rubin, 2017). For example, coordinated 

online efforts on different endeavours with colleagues on different discussions or reports taking part in their virtual 

learning conditions. It involves leveraging current innovations to enable students and educators to work together on 

research. The innovation allows small gatherings to study thinking in open learning conditions with multiple 

performances and screen-sharing capabilities instead of a typical classroom. This kind of participation among students 

can occur in the same classroom, in the same place, or even worldwide. So it would not hurt if Indonesia joined in 

slowly shifting to promising learning like the other world (Everist, 2010).  
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Based learning estimation  

 

According to Booth (2014), the straightforward way technology is learning is very important in advancing 

multipurpose learning frameworks. Teaching staff can now sift through everything from student information on 

subjects through self-surveyed online tests to their interest in online conversational encounters and the time they spend 

in the library, in contrast to in the past when the primary accessible measure was test results or student participation. 

Even though there may be some direct costs associated with creating flexible learning innovations, real benefits can 

be demonstrated in more outstanding student commitment and faster theme authority (Gaston, 2013). Alternative ways 

that further education institutions can take advantage of innovation to improve student learning outcomes include 

flexible learning options. The current acceptance of teaching materials is not limited to libraries or homeroom teachers 

due to the advancement of innovation. Students can take study materials and concentrate anywhere, anytime, thanks 

to intelligent tools connected to the Internet so that the gap between rich and developing countries is almost simplified 

(Johnson et al., 2010).  

 

Find content smart 

 

With the use of innovation, teaching can be made more intuitive and effective, and productive. Biology course 

materials on designated education-based websites and sophisticated and creative computer-based discussion rooms are 

some of the instruments that encourage strong communication and engagement among students of all levels of 

education (National Research Council, 2011). In addition to demonstrating thinking in new and unconventional ways, 

technological innovations can make biology learning very interesting and impressive to students (Huberman & Miles, 

2013). Teachers can increase the dynamic contribution of students to a more enjoyable learning system by using the 

latest gamification and robotics to make the learning atmosphere more attractive among students who are now 

increasingly millennial as well as virtual field trips and other web-based learning technologies, for example, which can 

be done in a classroom environment. the normal that we have left behind (Marreez et al., 2010). Cooperative learning 

encounters like this help students work on their cognizance, memory, and critical thinking capacities. Moreover, 

innovation might assist with looking gatherings, cooperative plan groups, and other comparable shared learning 

bunches accomplish better understudy results by smoothing out their work. Moreover, innovation might help dynamic 

understudy contribution in the homeroom, a significant component in data maintenance. Various kinds of advances 

might be used to test and realize what turns out best for understudies regarding data maintenance (Carrier et al., 2004; 

Martini et al., 2012).  

 

Increasing learning experience 

  

Teachers can create highly engaging, inventive, and unique informative materials by coordinating contemporary 

innovations, for example, artificial intelligence, and artificial reasoning, into further education (Moolenaar & Sleegers, 

2010). Students from different foundations and with shifts taking prerequisites may benefit from the use of such 

learning tools today. In addition, innovation empowers instructors to reduce bias by monitoring and to break down the 

repetition of student comments in class and watching reports of their reactions. They can also use short surveys, talk 

comments, online tests, and other tools to respond to visiting questions quickly and appropriately (Ferris, 2014).  

 

Evidence from the field 

 

Moravec et al. (2010), said that the time saved by switching talk topics to learn before address (LBL) exercises were 

utilized to encourage understudies to put their acquired skills into practice. The proportion of understudies who 

answered five of six LBL-related test questions correctly in 2009 was significantly higher (p 0.001) than in 2007/8. In 

extensive fundamental science courses, LBLs coupled with intelligent activities can substantially enhance learning 

gains. Similarly, Sahronih et al. (2019), said that this research aims to determine the effect of intelligent learning media 

on the outcomes of understudy scientific learning. The effect was determined by compiling data from previous studies 

on similar topics using the meta-investigation method. Intelligent sight and sound are the intuitive learning medium 

type with the highest effect of 39.44 percent. Biology, with a 41.77 percent effect size, was the confluence of scientific 

images with the most impact size. 

Furthermore, the findings of Weng et al. (2020), said that the goal of this study was to look at the effects of 

augmented reality (AR) innovation on students' learning outcomes (as measured by Bloom's intellectual levels) and 
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attitudes toward science. A kind of AR was incorporated into the print book to bring it up to date. A semi-experimental 

protest and post-test design was used to assess the produced book's effectiveness on learning outcomes and attitudes 

toward science. The evaluation included 68 10th grade understudies. The findings revealed that using AR innovation 

may potentially enhance understudy learning outcomes at the investigating stage and their learning mentalities 

regarding science (McGill et al., 1992; Hedegaard, 2014). 

Then there is evidence from the study of  Harris et al. (2020), and his colleagues that they recommend that 

instructors use thorough showing rehearsals in their online courses, which they may do explicitly via dynamic learning. 

All understudies, especially those from minority or disadvantaged groups, will benefit from combining educational 

methods to increase dynamic and thorough displaying concepts. As a first step toward more thorough instruction in 

nature and developmental science courses, we encourage educators to concentrate on small changes. Yang et al. (2020), 

see the feasibility of integrating an Interactive Whiteboard (IWB) into middle school science instruction is investigated 

in this study. The findings demonstrate that IWB understudies have significantly superior learning aptitudes. They will 

also have more positive attitudes about their learning environment in general. Examine educator understudy verbal 

cooperation; the whole showing measure was captured as a showing video (Herbst, 2004; Marcus & Sutin, 1985). 

The study of Utomo et al. (2020), determined the suitability of a STEAM-based biotechnology curriculum with 

streak movement for secondary school science instruction. The examination design was based on the planning model 

for R2D2 advancement, with a single gathering pretest-posttest plan serving as adequacy tests. With a final score of 

89.85, the aftereffects of the approved material, media, and customers revealed that the module was significant. Then 

Mafugu (2021), also said that following the outbreak of the COVID-19 pandemic, higher institutions all around the 

globe made a crisis shift to web-based learning (Aslan et al., 2020; Suroso et al., 2021; Nugraha et al., 2021; Manullang 

et al., 2021). It will assess the impact of guided buddy peer collaboration on understudies' achievement in this section. 

The data was gathered using a Biology Achievement Test. During the lockdown, there was a significant difference in 

the execution of the two gatherings. The instructor-led collaboration had a significant impact, but the advanced gap 

affected understudy presentations. Tafirenyika (2021), said that the issue of the COVID-19 epidemic, higher 

institutions all around the globe made a crisis transition to web-based learning. This study looks at the impact of guided 

companion peer connection on understudies' achievement. The data was gathered using a Biology Achievement Test. 

During the lockdown, there was a significant difference in the execution of the two groups. The automatic barrier had 

little effect on understudies' exhibition, while speaker-directed collaboration had a significant impact (Ashenfelter et 

al., 1999; Ioannidis et al., 2014). 

Similarly, Adebanjo (2020), who studied information and communication advances (ICT), has altered the 

instructional approach in training from an educator-centered to a student-centered methodology, which has improved 

teaching and learning. The goal of this study was to see how understudies' scholastic achievement in Biology might be 

improved with the help of data and correspondence innovation. The influence of sex on the direction was also 

investigated. The findings revealed that ICT aided mentoring significantly affected understudies' scientific 

achievement. In any event, there was no significant effect of gender orientation on outcomes. It was recommended that 

the Government provide ICT assets to auxiliary schools in Indonesia and that instructional experts emphasize current 

instructional assets. Likewise, Ungaya (2020), study is a term used to describe a person at the KCSE; scientific courses, 

especially science, have shown a decline in performance compared to non-science topics. Students' perceptions of 

science as dull and challenging have been linked to execution because of the theoretical concept of its content (Vescio 

et al., 2008; Cheng et al., 2009). 

According to research, the utilization of innovation in scientific guiding or instructing may operate on the 

theoretical substance and create interest among understudies when there are sufficient innovation assets. The last 

review from Suryawati et al. (2017), said that analyze, design, and nurture a model for improving the capacity and 

intensity of Education College graduates. The evaluation was conducted following the Indonesian Government's 

agreement on the Indonesian Qualification Framework's six levels (IQF). The article included an essential examination 

of the developed models for reinforcing the incoming Biology Education Department (Handayani et al., 2019; Sanchez 

et al., 2020). 

 

 

4   Conclusion 
 

In this final section, we summarize the results of the study and discussion of the advantages and advantages of 

technology when adopted in biology learning in educational and teaching less developed countries. We found data that 



         ISSN: 2395-7492 

IRJMIS   Vol. 8 No. 5, September 2021, pages: 476-486 

482 

had answered the problem with elements of high validity and reliability. We can conclude these findings, among others, 

we see the actual conditions of schools that have not been able to fully adopt technology. Then we include findings of 

how technology makes biology learning outcomes higher, how learning technology can make students become 

personalized learners. In adopting technology, of course, there must be a logical estimation so that the technology can 

be achieved as desired. In the last section, we examine several field study evidence on how the mainstream of digital 

technology has been successfully applied in many learning contexts and countries so that there is no longer confusion 

about how helpful technology can be in improving student learning outcomes. 

 

Conflict of interest statement 

The author declared that he have no competing interests. 

 

Statement of authorship 

The author have a responsibility for the conception and design of the study. The author have approved the final article. 

 

Acknowledgments 

I am thank all contributions in feedback and donor from various parties until this study was done as expected. Without 

this support, this project will not be done. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



IRJMIS                  ISSN: 2395-7492     

 

Oka, A. A. (2021). Utilizing digital applications in improving student learning outcomes (review of biology teaching 

and learning strategies). International Research Journal of Management, IT and Social Sciences, 8(5), 476-486. 

https://doi.org/10.21744/irjmis.v8n5.1924 

483 

References 
Adebanjo, A. A. (2020). Improving Students’ Academic Achievement in Biology, Using Information and 

Communication Technology Aided Instruction. KIU Journal of Social Sciences, 5(4), 317-326. 

Andarini, T. (2012). Pembelajaran biologi menggunakan pendekatan CTL (Contextual Teaching and Learning) 

melalui media flipchart dan video ditinjau dari kemampuan verbal dan gaya belajar (Doctoral dissertation, UNS 

(Sebelas Maret University)). 

Ashenfelter, O., Harmon, C., & Oosterbeek, H. (1999). A review of estimates of the schooling/earnings relationship, 

with tests for publication bias. Labour economics, 6(4), 453-470. https://doi.org/10.1016/S0927-5371(99)00041-X 

Aslan, A., Silvia, S., Nugroho, B. S., Ramli, M., & Rusiadi, R. (2020). Teacher’s leadership teaching strategy 

supporting student learning during the covid-19 disruption. Nidhomul Haq: Jurnal Manajemen Pendidikan 

Islam, 5(3), 321-333. 

Batz, Z., Olsen, B. J., Dumont, J., Dastoor, F., & Smith, M. K. (2015). Helping struggling students in introductory 

biology: A peer-tutoring approach that improves performance, perception, and retention. CBE—Life Sciences 

Education, 14(2), ar16. 

Benton, T. (2013). Biology and social theory in the environmental debate. In Social theory and the global 

environment (pp. 36-58). Routledge. 

Bicalho, R. C., Machado, V. S., & Caixeta, L. S. (2009). Lameness in dairy cattle: A debilitating disease or a disease 

of debilitated cattle? A cross-sectional study of lameness prevalence and thickness of the digital cushion. Journal 

of dairy science, 92(7), 3175-3184. https://doi.org/10.3168/jds.2008-1827 

Booth, P. (2014). An introduction to human-computer interaction (psychology revivals). Psychology Press. 

Carrier, B. D., & Grand, J. (2004). A hardware-based memory acquisition procedure for digital investigations. Digital 

Investigation, 1(1), 50-60. https://doi.org/10.1016/j.diin.2003.12.001 

Cheng, M. M., Chan, K. W., Tang, S. Y., & Cheng, A. Y. (2009). Pre-service teacher education students' 

epistemological beliefs and their conceptions of teaching. Teaching and Teacher Education, 25(2), 319-327. 

https://doi.org/10.1016/j.tate.2008.09.018 

Da Silva, E. C., & Las Casas, A. L. (2017). Sport fans as consumers: An approach to sport marketing. British Journal 

of Marketing Studies, 5(4), 36-48. 

Davies, R. S., Dean, D. L., & Ball, N. (2013). Flipping the classroom and instructional technology integration in a 

college-level information systems spreadsheet course. Educational Technology Research and Development, 61(4), 

563-580. 

DiLullo, C., McGee, P., & Kriebel, R. M. (2011). Demystifying the Millennial student: A reassessment in measures 

of character and engagement in professional education. Anatomical sciences education, 4(4), 214-226. 

Everist, N. C. (2010). The church as learning community: a comprehensive guide to Christian education. Abingdon 

Press. 

Ferris, D. R. (2014). Responding to student writing: Teachers’ philosophies and practices. Assessing Writing, 19, 6-

23. 

Franklin, S. (2013). Biological relatives: IVF, stem cells and the future of kinship (p. 376). Duke University Press. 

Gaston, P. L. (2013). Higher education accreditation: How it's changing, why it must. Stylus Publishing, LLC.. 

Groff, J. (2013). Technology-rich innovative learning environments. OCED CERI Innovative Learning Environment 

project, 2013, 1-30. 

Handayani, N. D., Mantra, I. B. N., & Suwandi, I. N. (2019). Integrating collaborative learning in cyclic learning 

sessions to promote students’ reading comprehension and critical thinking. International Research Journal of 

Management, IT and Social Sciences, 6(5), 303-308. https://doi.org/10.21744/irjmis.v6n5.777 

Harris, B. N., McCarthy, P. C., Wright, A. M., Schutz, H., Boersma, K. S., Shepherd, S. L., ... & Ellington, R. M. 

(2020). From panic to pedagogy: Using online active learning to promote inclusive instruction in ecology and 

evolutionary biology courses and beyond. Ecology and evolution, 10(22), 12581-12612. 

Hedegaard, M. (2014). The significance of demands and motives across practices in children's learning and 

development: An analysis of learning in home and school. Learning, culture and social interaction, 3(3), 188-194. 

https://doi.org/10.1016/j.lcsi.2014.02.008 

Herbst, R. S. (2004). Review of epidermal growth factor receptor biology. International Journal of Radiation 

Oncology* Biology* Physics, 59(2), S21-S26. https://doi.org/10.1016/j.ijrobp.2003.11.041 

Huberman, A. M., & Miles, M. B. (2013). Innovation up close: How school improvement works. Springer Science & 

Business Media. 

https://doi.org/10.1016/S0927-5371(99)00041-X
https://doi.org/10.3168/jds.2008-1827
https://doi.org/10.1016/j.diin.2003.12.001
https://doi.org/10.1016/j.tate.2008.09.018
https://doi.org/10.21744/irjmis.v6n5.777
https://doi.org/10.1016/j.lcsi.2014.02.008
https://doi.org/10.1016/j.ijrobp.2003.11.041


         ISSN: 2395-7492 

IRJMIS   Vol. 8 No. 5, September 2021, pages: 476-486 

484 

Ihsan, H., Sulaiman, M. B., Mohammad Alwi, N., & Adnan, M. (2017). A study of accountability practice in Dompet 

Dhuafa waqf of Indonesia. Journal of King Abdulaziz University: Islamic Economics, 30(2). 

Ioannidis, J. P., Munafo, M. R., Fusar-Poli, P., Nosek, B. A., & David, S. P. (2014). Publication and other reporting 

biases in cognitive sciences: detection, prevalence, and prevention. Trends in cognitive sciences, 18(5), 235-241. 

https://doi.org/10.1016/j.tics.2014.02.010 

Irwin, S. (2013). Qualitative secondary data analysis: Ethics, epistemology and context. Progress in development 

studies, 13(4), 295-306. 

Johnson, L., Levine, A., Smith, R., & Stone, S. (2010). The 2010 Horizon Report. New Media Consortium. 6101 West 

Courtyard Drive Building One Suite 100, Austin, TX 78730. 

Kangas, M. (2010). Finnish children’s views on the ideal school and learning environment. Learning Environments 

Research, 13(3), 205-223. 

Klein, L. R., & Ford, G. T. (2003). Consumer search for information in the digital age: An empirical study of 

prepurchase search for automobiles. Journal of interactive Marketing, 17(3), 29-49. 

https://doi.org/10.1002/dir.10058 

Kumaravadivelu, B. (2012). Language teacher education for a global society: A modular model for knowing, 

analyzing, recognizing, doing, and seeing. Routledge. 

Landrain, T., Meyer, M., Perez, A. M., & Sussan, R. (2013). Do-it-yourself biology: challenges and promises for an 

open science and technology movement. Systems and synthetic biology, 7(3), 115-126. 

Liakos, K. G., Busato, P., Moshou, D., Pearson, S., & Bochtis, D. (2018). Machine learning in agriculture: A 

review. Sensors, 18(8), 2674. 

Maesaroh, M., Akbar, B., Murwitaningsih, S., Elvianasti, M., & Aslan, A. (2020). Understanding Students 

Characteristics of Graduates in Biological Education Department (A Case Study Done in Muhammadiyah 

University Prof. Dr. Hamka). International Journal of Psychosocial Rehabilitation, 24(06), 1839-1845. 

Mafugu, T. (2021). The Impact of Peer-Peer Learning and Student-Lecturer Interaction on Biology Pre-Service 

Teachers' Achievements. Cypriot Journal of Educational Sciences, 16(2), 511-521. 

Manullang, S. O., Mardani, M., & Aslan, A. (2021). The Effectiveness of Al-Quran Memorization Methods for 

Millennials Santri During Covid-19 in Indonesia. Nazhruna: Jurnal Pendidikan Islam, 4(2), 195-207. 

Marcus, R. A., & Sutin, N. (1985). Electron transfers in chemistry and biology. Biochimica et Biophysica Acta (BBA)-

Reviews on Bioenergetics, 811(3), 265-322. https://doi.org/10.1016/0304-4173(85)90014-X 

Marreez, Y. M. A. H., Willems, L. N., & Wells, M. R. (2010). The role of medical museums in contemporary medical 

education. Anatomical sciences education, 3(5), 249-253. 

Martini, B., & Choo, K. K. R. (2012). An integrated conceptual digital forensic framework for cloud 

computing. Digital investigation, 9(2), 71-80. https://doi.org/10.1016/j.diin.2012.07.001 

McGill, M. E., Slocum Jr, J. W., & Lei, D. (1992). Management practices in learning organizations. Organizational 

dynamics, 21(1), 5-17. https://doi.org/10.1016/0090-2616(92)90082-X 

McHaney, R. (2012). The new digital shoreline: How Web 2.0 and millennials are revolutionizing higher education. 

Stylus Publishing, LLC.. 

Moolenaar, N. M., & Sleegers, P. J. (2010). Social networks, trust, and innovation. How social relationships support 

trust and innovative climates in Dutch Schools. Social network theory and educational change, 97-114. 

Moravec, M., Williams, A., Aguilar-Roca, N., & O'Dowd, D. K. (2010). Learn before lecture: A strategy that improves 

learning outcomes in a large introductory biology class. CBE—Life Sciences Education, 9(4), 473-481. 

Myers, M. D. (2019). Qualitative research in business and management. Sage. 

National Research Council. (2011). Successful K-12 STEM education: Identifying effective approaches in science, 

technology, engineering, and mathematics. National Academies Press. 

Nugraha, M. S., Liow, R., & Evly, F. (2021). The Identification of Online Strategy Learning Results While Students 

Learn from Home During the Disruption of the COVID-19 Pandemic in Indonesia. Journal of Contemporary Issues 

in Business and Government, 27(2), 1950-1956. 

Osborne, J. (2014). Teaching scientific practices: Meeting the challenge of change. Journal of Science Teacher 

Education, 25(2), 177-196. 

Ottenbreit-Leftwich, A. T., Glazewski, K. D., Newby, T. J., & Ertmer, P. A. (2010). Teacher value beliefs associated 

with using technology: Addressing professional and student needs. Computers & education, 55(3), 1321-1335. 

Patterson, D. A., & Hennessy, J. L. (2016). Computer organization and design ARM edition: the hardware software 

interface. Morgan kaufmann. 

https://doi.org/10.1016/j.tics.2014.02.010
https://doi.org/10.1002/dir.10058
https://doi.org/10.1016/0304-4173(85)90014-X
https://doi.org/10.1016/j.diin.2012.07.001
https://doi.org/10.1016/0090-2616(92)90082-X


IRJMIS                  ISSN: 2395-7492     

 

Oka, A. A. (2021). Utilizing digital applications in improving student learning outcomes (review of biology teaching 

and learning strategies). International Research Journal of Management, IT and Social Sciences, 8(5), 476-486. 

https://doi.org/10.21744/irjmis.v8n5.1924 

485 

Pearce, J., Albritton, S., Grant, G., Steed, G., & Zelenika, I. (2012). A new model for enabling innovation in appropriate 

technology for sustainable development. Sustainability: Science, Practice and Policy, 8(2), 42-53. 

Phillips, C. R., & Trainor, J. E. (2014). Millennial students and the flipped classroom. ASBBS Proceedings, 21(1), 519. 

Prabowo, S. A., Ardhi, M. W., & Widiyanto, J. (2016). Analisis Kepuasan Siswa Terhadap Kegiatan Pembelajaran 

Biologi Pada Sekolah Formal Dan Lembaga Bimbingan Belajar Non-Formal Di Kota Madiun. Jurnal Penelitian 

LPPM (Lembaga Penelitian dan Pengabdian kepada Masyarakat) IKIP PGRI MADIUN, 3(1), 31-35. 

Purcell, M. (2014). Public participation in new local governance spaces: The case for community development in local 

strategic partnerships. In The European Conference on Politics, Economics and Law 2014: Official Conference 

Proceedings (pp. 143-159). IAFOR. 

Putra, P., Mizani, H., Basir, A., Muflihin, A., & Aslan, A. (2020). The Relevancy on Education Release Revolution 

4.0 in Islamic Basic Education Perspective in Indonesia (An Analysis Study of Paulo Freire's Thought). Test 

Engineering & Management, 83, 10256-10263. 

Putri, E. K., Rahayu, W. R. A. D. A., & Khaleyla, F. (2020). BiologyOnlineClassesDuringCovid-19Pandemicin 

Indonesia. 

Rowland, K. N. (2012). E-mentoring: An innovative twist to traditional mentoring. Journal of technology management 

& innovation, 7(1), 228-237. 

Rubin, R. E. (2017). Foundations of library and information science. American Library Association. 

Sahronih, S., Purwanto, A., & Sumantri, M. S. (2019, March). The effect of interactive learning media on students' 

science learning outcomes. In Proceedings of the 2019 7th International Conference on Information and Education 

Technology (pp. 20-24). 

Sanchez, P. K. M., Pazmino, M. F., & Gamez, M. R. (2020). Prezi as an innovative teaching tool for the strengthening 

of significant learning. International Research Journal of Management, IT and Social Sciences, 7(1), 72-83. 

https://doi.org/10.21744/irjmis.v7n1.825 

Saputri, A. C. (2019). Improving Students' Critical Thinking Skills in Cell-Metabolism Learning Using Stimulating 

Higher Order Thinking Skills Model. International Journal of Instruction, 12(1), 327-342. 

Senge, P. M., Cambron-McCabe, N., Lucas, T., Smith, B., & Dutton, J. (2012). Schools that learn (updated and 

revised): A fifth discipline fieldbook for educators, parents, and everyone who cares about education. Currency. 

Sirius, R. U., & Cornell, J. (2015). Transcendence: the disinformation encyclopedia of transhumanism and the 

singularity. Red Wheel Weiser. 

Song, M., Cen, L., Zheng, Z., Fisher, R., Liang, X., Wang, Y., & Huisingh, D. (2017). How would big data support 

societal development and environmental sustainability? Insights and practices. Journal of Cleaner Production, 142, 

489-500. 

Su, C. H., & Cheng, C. H. (2015). A mobile gamification learning system for improving the learning motivation and 

achievements. Journal of Computer Assisted Learning, 31(3), 268-286. 

Suroso, A., Hendriarto, P., Mr, G. N. K., Pattiasina, P. J., & Aslan, A. (2021). Challenges and opportunities towards 

Islamic cultured generation: socio-cultural analysis. Linguistics and Culture Review, 5(1), 180-194. 

Suryawati, E., Linggasari, M. N., & Arnentis, A. (2017). Technological pedagogical and content knowledge of biology 

prospective teachers. Biosaintifika: Journal of Biology & Biology Education, 9(3), 498-505. 

Svoboda, J., & Passmore, C. (2013). The strategies of modeling in biology education. Science & Education, 22(1), 

119-142. 

Tafirenyika, S. (2021). The impact of peer-peer learning and student-lecturer interaction on Biology pre-service 

teachers’ achievements. Kıbrıslı Eğitim Bilimleri Dergisi, 16(2), 511-521. 

Tripp, D. (2011). Critical incidents in teaching (classic edition): Developing professional judgement. Routledge. 

Ungaya, S. (2020). Impact of the use of Technological Devices on High School Students achievement in Biology in 

Starehe Sub-County, Nairobi County, Kenya (Doctoral dissertation, University of Nairobi). 

Utomo, A. P., Hasanah, L., Hariyadi, S., & Narulita, E. (2020). The Effectiveness of STEAM-Based Biotechnology 

Module Equipped with Flash Animation for Biology Learning in High School. International Journal of 

Instruction, 13(2), 463-476. 

Vakulenko, Y., Shams, P., Hellström, D., & Hjort, K. (2019). Service innovation in e-commerce last mile delivery: 

Mapping the e-customer journey. Journal of Business Research, 101, 461-468. 

Vescio, V., Ross, D., & Adams, A. (2008). A review of research on the impact of professional learning communities 

on teaching practice and student learning. Teaching and teacher education, 24(1), 80-91. 

https://doi.org/10.1016/j.tate.2007.01.004 

https://doi.org/10.1016/j.tate.2007.01.004


         ISSN: 2395-7492 

IRJMIS   Vol. 8 No. 5, September 2021, pages: 476-486 

486 

Weng, C., Otanga, S., Christianto, S. M., & Chu, R. J. C. (2020). Enhancing students’ biology learning by using 

augmented reality as a learning supplement. Journal of Educational Computing Research, 58(4), 747-770. 

Yang, J. R., Tan, F. H., & Tan, A. H. (2020). The application of multimedia system for ancient construction in civil 

engineering courses. In Pedagogies of Digital Learning in Higher Education (pp. 183-197). Routledge. 


