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ABSTRACT

This study investigates the impact of utilizing the digital library Wikipedia on high school stu-
dents’ scientific literacy skills in biology. This research used a quasi-experiment design with a
one-group pre-test and post-test method, conducted in a high school in Bandung, Indonesia.
The participants consisted of 60 tenth-grade students. The research instrument consisted of
24 multiple-choice questions designed to assess nine scientific literacy indicators, including
the ability to describe phenomena scientifically, design and evaluate scientific investigations,
and interpret data and evidence scientifically. Each question was scored dichotomously, with
the correct answer receiving a score of 1 and incorrect answers assigned a score of 0. Pre-test
and post-test scores were analyzed using the Rasch model through Winsteps Version 3.73.
Based on data analysis, the items fit with the Rasch model because the infit and outfit MNSQ is
1.0 and the residual item of unexplained variance is 2.3% to 9.8%. The reliability of the items
shows an item value of 0.97, which is classified as excellent. The indicators considered the
most difficult before being treated were identifying accurate scientific ideas, distinguishing
between types of sources, and evaluating literature source validity after the treatment. There
was a significant improvement in students’ scientific literacy skills after utilizing the digital
library, Wikipedia. The findings provide valuable insights into the effectiveness of integrating
digital media into biology courses, highlighting the potential of Wikipedia as a digital refer-
ence source for enhancing students’ scientific literacy in high school settings.

KEYWORDS
scientific literacy, digital library, Rasch model, Wikipedia, biology education

1  INTRODUCTION

In the current digital era, technology-based digital media and the Internet play
a vital role in supporting scientific education. Technology provides students with
quick and easy access to various information [1]. Among the digital resources avail-
able, Wikipedia stands out as a widely used source of information for scientific
studies. That’sbecause Wikipedia is the largest and most free encyclopedic knowledge
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source. Wikipedia is among the most visited websites worldwide [2], after Google,
YouTube, Facebook, Twitter, Instagram, and Baidu. The popularity of Wikipedia is
due to the completeness of its topics, both in social and scientific aspects. Information
spreading from Wikipedia also increases on various issues through free content [3].
The platform features explicit, novel content and easy-to-understand informa-
tion [4]. Wikipedia is a benchmark for finding popular information in internet-
based digital media [18-19]. Wikipedia is increasingly being used and attracts mil-
lions of visitors of all ages, cultures, and backgrounds globally because it is available in
325language variations and has an attractive appearance with images and graphics.
Wikipedia, as a digital reference, continues today:.

In education, Wikipedia was a digital reference source based on Internet technol-
ogy [7], [8]. Wikipedia is widely used in learning activities. Initially, many doubted
the quality of Wikipedia’s content and allegations of misinformation, so several
institutions prohibited teachers and students from using Wikipedia [7], [9], [10].
However, this assumption is gradually changing because Wikipedia is supported by
millions of editors and moderators of multi-sourced content [11], [12]. This research
focuses on whether the digital library Wikipedia usage in biology learning contrib-
utes to improving students’ scientific literacy to support biology learning with inno-
vative digital media that has not been used previously.

Based on these opinions, it can be concluded that scientific literacy is students’
skill in apprehending concepts, writing, verbalizing, and using scientific under-
standing to solve situations in daily life so they can make the correct findings based
on scientific considerations. Moreover, students must adapt to current technological
developments. One of the best solutions is to use the Wikipedia digital library. The
skills assessment result can be applied to the Rasch model developed by George
Rasch. The Rasch model was suitable for measuring latent properties in assessing
human insight and attitudes [13-15]. This research aims to investigate the impact of
utilizing the digital library Wikipedia in biology learning on students’ scientific liter-
acy skills. By conducting this research, valuable insights can be gained regarding the
effectiveness of using Wikipedia as a digital reference source in biology education,
thus contributing to the broader understanding of innovative digital media utiliza-
tion in classroom settings and its impact on students’ scientific literacy skills.

2 METHOD

This research used the quasi-experiment method with one group pre- and
post-test. This design is a type of quasi-experiment in which the outcome of interest
is measured twice: once before and once after exposing a non-random group of
participants to a certain intervention. The treatment group used the digital library
Wikipedia to learn biology. They used the digital library Wikipedia to guide their
teaching and learning sessions. Students are due to carry out the task and activity
sheets containing science context in biology for eight meetings. The subject of this
research is 60 students of grade X high school in Bandung.

This research used item responses from the TOSLS test according to Gormarlly
[16], then modified and tested. The instrument consisted of 24 multiple-choice
questions with nine scientific literacy indicators to be assessed. The indicators are
presented in Table 1. Scores were obtained from tests before and after treatment—
pre- and post-test. Both data were analyzed simultaneously using Winsteps Version
3.73 with dichotomous analysis using the Rasch model [17].
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Table 1. Indicators of scientific literacy assessment in biology subject matter and test’ codes

Indicators

Partial Indicators

Test Label
(Pre Test)

Test Label
(Post Test)

Describing the Identifying accurate scientific ideas (e.g., opinions/ | A1, A2, A3 A-1,A-2, A-3
phenomenon theories to support hypotheses)
scientificall
y Distinguishing between types of sources and A4 A5, A6 A-4 A-5 A-6
evaluating literature source validity
Understand the parts in investigation design A7, A8, A9 A-7,A-8,A-9
Examining data accurately A10,A11,A12 | A-10,A-11,A-12
Designing and | Solving issues using quantitative skills, including B1,B2, B3 B-1,B-2,B-3
evaluating basic statistics (e.g., estimating average, probability,
scientific ratio, frequency)
Investigation
& Understanding and interpreting the outcomes of B4, B5, B6 B-4, B-5, B-6
statistical calculation
Interpreting Sketching inferences and creating predictions C1,C2,C3 C1,C2,C3
data and proof | based on quantitative data
scientificall . . .
y Assessing scientific information C4, C5,C6 C-4,C5,C6

3 RESULT AND DISCUSSION
3.1 The scientific literacy skills item test resume

The results showed that the 24 questions developed were valid based on expert
judgment by three biology education experts. We apply the Rasch analysis partial
credit model because it allows estimation of the step difficulty in each item. Infit and
outfit MNSQ were used to ensure data-model fit. Table 2 shows the average infit and
outfit MNSQ is 1.0 (Figure 1). Other data shows that the residual item of unexplained
variance is 2.3 to 9.8%.

Table 2. Overview of item

Total Count Measure Model Infit Infit Outfit Outfit

Score Error MNSQ YAYN)) MNSQ YAYY))
Mean 29.2 58.1 0.0 0.6 1.0 0.1 1.0 0.2
SD 24.6 2.9 3.7 0.2 0.1 0.4 1.5 1.3
Max 59.0 60.0 45 1.0 1.3 11 9.9 7.6
Min 2.0 49.0 —4.8 0.3 0.6 -1.0 0.1 -1.0
REAL RMSE 68.00 True SD 3.58 | Separation 5.27 | Reliability 0.97
MODEL RMSE 0.67 True SD 3.58 | Separation 5.37 | Reliability |  0.97

The construct validity of the test was confirmed when the items matched the
assumptions of the unidimensional Rasch model because, in this study, 1) the infit
and outfit mean square ranged, and 2) the variance explained was smaller than
20%); the test was considered unidimensional [18].
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Fig. 1. Bubble outfit mean-square item test of scientific literacy pre- and post-test

3.2 Wright's map item test of scientific literacy

Wright’s map analysis focuses on the difficulty of the questions. The higher the item’s
position, the higher the difficulty; the lower the item’s position, the easier the question.
Item measure analysis is used to see the difficulty level of the questions [19]. Classification
of the level of questions’ difficulty according to the criteria of very difficult (> 6.00 logit),
difficult (2.0-5.0 logit), easy (=2.00 — 0.00 logit), and very easy (< —2.00 logit) (Figure 2).
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Fig. 2. Wright's map item test of scientific literacy pre- and post-test
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3.3 Changes in students’ scientific literacy skills in each indicator

Describing the phenomenon scientifically. At this stage, students are asked
to describe the phenomenon scientifically using the Wikipedia digital library. The
test results before and after the treatment are shown in Figure 3. Figure 3 shows
the changes in student activities that were considered very difficult before biol-
ogy learning using the Wikipedia digital library. The changes are less significant,
which became easier after learning activities with the help of the Wikipedia dig-
ital library as an information source, including activities in understanding the
parts of investigation design (A9). Less significant changes indicate that using the
Wikipedia digital library has little effect on students understanding of elements of
research design. This activity requires in-depth analysis in designing the investi-
gation process for the given problem. So, besides a complete reference through the
Wikipedia digital library, students also have to do more research and have high
reasoning skills [14].

The following finding from Figure 3 is that students felt very difficult before learn-
ing, and there was a very significant change (very easy) by utilizing the Wikipedia
digital library. These findings are for some aspects: student activities in distinguish-
ing between types of sources (A4) and evaluating literature sources and examining
validity data accurately (A11). These findings prove that using the Wikipedia digital
library has an excellent effect on improving students’ scientific literacy skills. This is
because of the Wikipedia digital library’s role as a reliable reference source in many
learning activities, such as searching for information and building knowledge [20].
It can be concluded that using the Wikipedia digital library properly can serve as
a model for enhancing 21st-century skills and literacy toward new technologies in
the future.
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Fig. 3. Transformations in students’ scientific literacy skills in describing the phenomenon scientifically

Designing and evaluating scientific investigation. At this stage, students are
asked to design and evaluate a scientific investigation using the Wikipedia digital
library. The measuring results of scientific literacy skills before and after treatment
are shown in Figure 4. Figure 4 shows the less significant changes that occurred
in student activities. Students considered learning activities very difficult before
using the Wikipedia digital library, and changes became easier after learning to use
the Wikipedia digital library as a source of information, including student activ-
ities in solving issues using quantitative skills, including basic statistics (B2, B3).
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These findings indicate that, besides serving as a reference source, the Wikipedia
digital library can help students master skills in basic numeracy and statistics, which
are needed to implement in the problem-solving process. It can be concluded that
Wikipedia digital library still requires supervision from the teacher. Because with-
out a teacher as a facilitator, the Wikipedia digital library will not be optimally used
as a reference by students in seeking scientific information [21].
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Fig. 4. Transformations in students’ scientific literacy skills in designing and evaluating scientific
investigation

The next finding from Figure 4 is a significant change between before and after
treatment in students’ scientific literacy skills. Students felt it was very difficult
before learning. After learning activities using the Wikipedia digital library, there
was a significant change (very easy), including student activities in understanding
and interpreting the outcomes of statistical calculations (B4, B5, B6). These find-
ings reinforce that the Wikipedia digital library helps students understand litera-
ture containing statistical data such as graphics [2], [22]. Information in the form of
graphs or statistical data available on the Wikipedia digital library provides oppor-
tunities for students to practice understanding and interpreting the outcomes of
statistical calculations. These activities support efforts to improve students’ scientific
literacy skills.

Interpreting data and proof scientifically. At this stage, students are asked to
interpret data and proof scientifically with the help of the Wikipedia digital library.
The measuring results of scientific literacy skills before and after treatment are
shown in Figure 5. Figure 5 shows the less significant changes that occurred in
student activities. Students considered learning activities very difficult before using
the Wikipedia digital library, and changes became easier after learning to use the
Wikipedia digital library as a source of information, including student activities in
sketching inferences and creating predictions based on quantitative data (C1). These
findings indicate that other skills are also needed to improve students’ scientific
literacy skills, including critical thinking, especially if it is based on numerical data.
So it can be concluded that Wikipedia digital library support still needs to be pro-
vided with other skills for students to solve environmental problems closely related
to scientific concepts.
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Fig. 5. Transformations in students’ scientific literacy skills in interpreting data and proof scientifically

The next finding from Figure 5 indicates that using the Wikipedia digital library
optimally supports students’ ability to understand and evaluate scientific informa-
tion from the learning activities. These findings align with many opinions, stating that
scientific literacy skills increase along with the large amount of digital information.

4  CONCLUSION

Learning activities for senior high school grade 10 students in biology subject
using the Wikipedia digital library have been shown to improve students’ scientific
literacy skills. Changes in skills before and after learning activities can be seen from
changes in the difficulty level of the questions. Changes in the difficulty level that get
easier after learning activities show that students are more able to work on questions
that measure their scientific literacy skills. Each question represents an indicator of
scientific literacy skills, which means there is a change in students’ scientific literacy
skills after the biology learning activity with the help of the Wikipedia digital library.

5  REFERENCES

[1] R. Nurhayati and H. Isfaeni, “The application of mobile augmented reality to improve
learning outcomes in senior high schools,” Int. J. Inf. Educ. Technol, vol. 12, no. 7,
pp. 691-695, 2022. https://doi.org/10.18178/ijiet.2022.12.7.1672

[2] D.Rama, T. Piccardi, M. Redi, and R. Schifanella, “A large scale study of reader interac-
tions with images on Wikipedia,” EP] Data Sct., vol. 11, no. 1, pp. 1-29, 2022. https://doi.
org/10.1140/epjds/s13688-021-00312-8

[3] P Das, B. P. R Guda, S. B. Seelaboyina, S. Sarkar, and A. Mukherjee, “Quality change:
Norm or exception? Measurement, analysis and detection of quality change in
Wikipedia,” Proc. ACM Human-Computer Interact., vol. 6, no. CSCW1, 2022. https://doi.
org/10.1145/3512959

[4] M. K Kahili-Heede, U. Patil, K. J. Hillgren, E. Hishinuma, and R. Kasuya, “Library
instruction and Wikipedia: Investigating students’ perceived information literacy, life-
long learning, and social responsibility through Wikipedia editing,” J. Med. Libr. Assoc.,
vol. 110, no. 2, pp. 174-184, 2022. https://doi.org/10.5195/jmla.2022.1291

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.18178/ijiet.2022.12.7.1672
https://doi.org/10.1140/epjds/s13688-021-00312-8
https://doi.org/10.1140/epjds/s13688-021-00312-8
https://doi.org/10.1145/3512959
https://doi.org/10.1145/3512959
https://doi.org/10.5195/jmla.2022.1291

Toharudin et al.

(5]

[10]

(11]

[12]

[13]

(14]

[15]

(16]

[17]

(18]

(19]

M. Pérez-Escolar and P. Herrero-Diz, “The role of Wikipedia in the dissemination of new
knowledge: Analysis of the entry desinformacién as a changeable concept,” Commun.
Soc., vol. 35, no. 2, pp. 257-268, 2022. https://doi.org/10.15581/003.35.2.257-268

J. Cerri, S. Lioy, M. Porporato, and S. Bertolino, “Combining surveys and on-line search-
ing volumes to analyze public awareness about invasive alien species: A case study
with the invasive Asian yellow-legged hornet (Vespa velutina) in Italy,” NeoBiota, vol. 73,
pp- 177-192, 2022. https://doi.org/10.3897/neobiota.73.80359

C.Tran, K. Champion, B. M. Hill, and R. Greenstadt, “The risks, benefits, and consequences
of prepublication Moderation: Evidence from 17 Wikipedia language editions,” Proc.
ACM Human-Computer Interact., vol. 6, no. CSCW2, 2022. https://doi.org/10.1145/3555225
J. A. L. Gareis, “Using Wikipedia assignments to teach critical thinking and scientific writ-
ing in STEM courses,” Front. Educ.,vol. 7,2022. https://doi.org/10.3389/feduc.2022.905777
J. Cerri, L. Carnevali, A. Monaco, P. Genovesi, and S. Bertolino, “Blacklists do not necessar-
ily make people curious about invasive alien species. A case study with Bayesian struc-
tural time series and Wikipedia searches about invasive mammals in Italy,” NeoBiota,
vol. 71, pp. 113-128, 2022. https://doi.org/10.3897/neobiota.71.69422

D. A. Smith, “Wikipedia: An unexplored resource for understanding consumer health
information behaviour in library and information science scholarship,” J. Doc., vol. 78,
no. 3, pp. 696-708, 2022. https://doi.org/10.1108/JD-03-2021-0049

M. Houttj, I. Johnson, J. Cepeda, S. Khandelwal, A. Bhatnagar, and L. Terveen, “We need
a woman in music’: Exploring Wikipedia’s values on article priority,” Proc. ACM Human-
Computer Interact., vol. 6, no. 266, pp. 1-28, 2022. https://doi.org/10.1145/3555156

S. Rath and J. Y. ]J. Chow, “Worldwide city transport typology prediction with
sentence-BERT based supervised learning via Wikipedia,” Transp. Res. Part C Emerg.
Technol, vol. 139, no. 103661, pp. 1-32, 2022. https://doi.org/10.1016/].trc.2022.103661
A. D. Setyorini, S. Yamtinah, L. Mahardiani, and S. Saputro, “A Rasch analysis of item
quality of the chemical literacy assessment for investigating student’s chemical literacy
on chemical rate concepts,” Eur. J. Educ. Res., vol. 10, no. 4, pp. 1907-1918, 2021. https://
doi.org/10.12973/eu-jer.10.4.1769

S. Koerber and C. Osterhaus, “Individual differences in early scientific thinking:
Assessment, cognitive influences, and their relevance for science learning,” . Cogn. Dev.,
vol. 20, no. 4, pp. 510-533, 2019. https://doi.org/10.1080/15248372.2019.1620232

W. L. Romine, T. D. Sadler, and A. T. Kinslow, “Assessment of scientific literacy:
Development and validation of the quantitative assessment of socio-scientific rea-
soning (QuASSR),” J. Res. Sci. Teach., vol. 54, no. 2, pp. 274-295, 2017. https://doi.
org/10.1002/tea.21368

C. Gormally, P. Brickman, and M. Lutz, “Developing a test of scientific literacy skills
(TOSLS): Measuring undergraduates’ evaluation of scientific information and argu-
ments,” CBE-Life Sci. Educ., vol. 11, no. 4, pp. 364-377, 2017. https://doi.org/10.1187/
cbe.12-03-0026

A. Markos, T. Boubonari, A. Mogias, and T. Kevrekidis, “Measuring ocean literacy in
pre-service teachers: Psychometric properties of the Greek version of the survey of
ocean literacy and experience (SOLE),” Environ. Educ. Res., vol. 23, no. 2, pp. 231-251,
2017. https://doi.org/10.1080/13504622.2015.1126807

T.Y. Wu, T. C. Chen, Y. ]. Huang, W. H. Hou, J. Der, Wang and C.L. Hsieh, “Rasch analysis of
the 9-item shared decision making questionnaire in women with breast cancer,” Cancer
Nurs., vol. 42, no. 3, pp. E34-E42, 2019. https://doi.org/10.1097/NCC.0000000000000607
E. Susantini, “Developing competency evaluation of pre-service science teachers in
industrial revolution 4.0: Revealing pedagogic and professional competencies,” Int. J.
Educ. Methodol., vol. 8, no. 2, pp. 347-362, 2020. https://doi.org/10.12973/ijem.8.2.347

International Journal of Emerging Technologies in Learning (iJET) iJET | Vol. 18 No. 24 (2023)


https://online-journals.org/index.php/i-jet
https://doi.org/10.15581/003.35.2.257-268
https://doi.org/10.3897/neobiota.73.80359
https://doi.org/10.1145/3555225
https://doi.org/10.3389/feduc.2022.905777
https://doi.org/10.3897/neobiota.71.69422
https://doi.org/10.1108/JD-03-2021-0049
https://doi.org/10.1145/3555156
https://doi.org/10.1016/j.trc.2022.103661
https://doi.org/10.12973/eu-jer.10.4.1769
https://doi.org/10.12973/eu-jer.10.4.1769
https://doi.org/10.1080/15248372.2019.1620232
https://doi.org/10.1002/tea.21368
https://doi.org/10.1002/tea.21368
https://doi.org/10.1187/cbe.12-03-0026
https://doi.org/10.1187/cbe.12-03-0026
https://doi.org/10.1080/13504622.2015.1126807
https://doi.org/10.1097/NCC.0000000000000607
https://doi.org/10.12973/ijem.8.2.347

iJET | Vol. 18 No. 24 (2023)

Developing Students’ Scientific Literacy through Wikipedia Digital Library

[20] H. T. Ta, “WikiDes: A Wikipedia-based dataset for generating short descriptions
from paragraphs,” Inf. Fusion, vol. 90, pp. 265-282, 2023. https://doi.org/10.1016/
j.inffus.2022.09.022

[21] ]. Cerri, L. Carnevali, A. Piazzi, P. Genovesi, S. Bertolino, and A. Albertina, “A nation-wide
analysis of Wikipedia and Google Searches in Italy reveals a growing interest towards
biological invasions,” Neo Biota, vol. 71, pp. 113-128, 2020. https://doi.org/10.3897/
neobiota.71.69422

[22] C. Espafia-Bonet, A. Barréon-Cedefio, and L. Marquez, “Tailoring and evaluating the
Wikipedia for in-domain comparable corpora extraction,” Knowl. Inf. Syst., vol. 65, no. 3,
pp. 1365-1397, 2023. https://doi.org/10.1007/s10115-022-01767-5

6  AUTHORS

Uus Toharudin is working as a Senior Lecturer and Dean of the Faculty of
Teacher Training and Education, Universitas Pasundan, Bandung Indonesia, active
in various expertise organizations, especially in biology education, a resource per-
son at several scientific meetings and is competent in the field of scientific literacy
(E-mail: uustoharudin@unpas.ac.id).

Lira Fessia Damaianti is a Senior Teacher in the Psychology department at the
Indonesian University of Education who focuses on social and educational research
to develop student literacy in relation to the development of education in Indonesia
(E-mail: Ifdamaianti@upi.edu).

Ida Yayu Nurul Hizqiyah is a Senior Lecturer at the Department of Biology
Education, Pasundan University, active in several organizations, and is involved in
research in the field of learning technology and learning technology development
(E-mail: iynh.edu@unpas.ac.id).

Iwan Setia Kurniawan is a Lecturer at the Department of Biology Education,
Universitas Pasundan, Bandung. Indonesia, who has Served as secretary of the
Department of Biology Education and is active in in the field of biology and biology
education and has been a resource person at several scientific activities and semi-
nars, besides being a reviewer of several Scopus indexed journals, and a developer
of IT-based learning (E-mail: iwansetiakurniawan@unpas.ac.id).

International Journal of Emerging Technologies in Learning (iJET)


https://online-journals.org/index.php/i-jet
https://doi.org/10.1016/j.inffus.2022.09.022
https://doi.org/10.1016/j.inffus.2022.09.022
https://doi.org/10.3897/neobiota.71.69422
https://doi.org/10.3897/neobiota.71.69422
https://doi.org/10.1007/s10115-022-01767-5
mailto:uustoharudin@unpas.ac.id
mailto:lfdamaianti@upi.edu
mailto:iynh.edu@unpas.ac.id
mailto:iwansetiakurniawan@unpas.ac.id

