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1. Introduction

21%-century science education aims to empower students to acquire scientific knowledge in
any discipline and solve the problem through scientific methods known as research skills (Fischer
et al., 2014; Maddens et al., 2020). Research skills are needed to face competition in the 21%
century (Roito et al., 2019). According to the National Research Council (2010), research skills
build scientific skills and develop other skills such as problem-solving and communication skills,
so building research competencies is an essential agenda in 21%-century education (Fischer et al.,
2014; Maddens et al., 2020).

Research competencies refer to someone’s skills in implementing scientific methods like
identifying, constructing a hypothesis, selecting variables, experimenting, and interpreting the
data (Yalcin, 2015). According to Meerah & Arsad (2010), research skills are the ability to
conduct research using tools, strategy, problem-solving skills, critical thinking, and explaining the
research findings. The Research Competencies Framework (RCF) is divided into research
competence groups such as practical skills, dissemination, problem-solving skills, thinking and
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communication, attitudes, professional ethics, dissemination, knowing the role and aim of the
research (FGDP, 2007).

Fischer et al. (2014) and Opitz et al. (2017) conceptualize indicators of research skills, namely
identifying problems, formulating research questions, determining hypotheses, designing
research, collecting data, evaluating data, drawing conclusions, and communicating research
results. (Davidson & Palermo, 2015) stated other indicators of research skills: designing research,
determining samples, selecting respondents, collecting data, statistical testing, reporting, and
presentations.

Biology research skills have essential requirements to give experience to students (Maknun et
al., 2020). Research skills are essential in the working environment because the company can
continue doing research and business development (Bandaranaike, 2018). Research skills
frameworks and working ability are related to each other. This skill is the basic to develop
working ability (Bandaranaike, 2018).

Mastering research skills should be the primary competence for science teachers in Indonesia
because developing research skills is the primary purpose in science education (Anggraeni et al.,
2017). According to Maknun et al. (2020), the pre-service teacher has to improve the research
skill; however, the teacher has not explained to the students about research skills.

The achievement of research skill competencies in Indonesia at the secondary and higher
education levels is still relatively low, which is confirmed by research conducted by Sari et al.
(2019); Roito et al. (2019); and Nurlaelah et al. (2020) with the conclusion that students still lack
mastery of research procedures, implementation, and reporting. At the university level, the
mastery of research skills is low, especially in the aspect of intellectual ability (Aripin et al., 2021),
the implementation stage of research (Solihat, 2015; Maknun et al., 2020), and research data
analysis (Subekti et al., 2018). Willison (2018) developed a Research skill development (RSD)
framework integrated into the learning curriculum to evaluate and classify students' research
skills based on autotomy level.

Based on the explanation above, the researcher is interested in analyzing various research
methods to provide students with research skills. The results of this study can be helpful to
recommendations for teachers in delivering practical research skills through appropriate learning
methods.

2. Method

Meta-analysis study was a statistical technique to combine similar research in integrating the
data findings. The study used the Prisma method (Haidich, 2010; Ogurlu, 2020). This study uses
the PRISMA method (Moher et al., 2009).

This research data was eligible in some criteria: the research conducted in primary, secondary,
and higher education. The object of the research was a science course. The subject of the research
was students, teachers, and lecturers. The references are taken from journal, national, and
international proceedings publications that have been published. The researcher tried to find
similar literature through www.sciencedirect.com, https://www.tandfonline.com/,
https://eric.ed.gov/, and https://onlinelibrary.wiley.com/. Google Scholar was not used as a
reference in this study with the consideration that the data generated was not specific to the
search target (Peter et al., 2019).

Finding the data used keywords "keterampilan riset," "keterampilan meneliti," "research skills,"
and "research ability." The researcher found 22902 documents. After the author had checked the
journal, there was much duplication, so the researcher decided to decrease the keywords
“keterampilan rviset," "keterampilan meneliti)" and "research skills," getting 1002 data. After
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verification based on the criteria, there were 52 criteria closer to the criteria and pursed into 31
because some researchers were not in a science topic. The researcher did not find any detailed
research findings in literature studies. The research findings obtained 16 research data that are
relevant to the analysis. Data collection follows the following PRISMA procedure.

Studies identified through Studies 1dentified through
databases manual databases
(n=000) (=12}
i ™y
Studies after duplicates

removed (r=420)
. vy
) : .

Studies screened > Record excluded

(=152) (n=52)
. \.
L 4
e ™y
Full-text articles for Studies literature/systematics
eligibility review (n=10)
(m=32) Research theme is not

N , appropriate (n=_6)

L 4

Meta analyses included in
this study
(=16)

Figure 1. PRISMA Flowchart

The researcher did coding by reading the abstract and identifying conclusion. The researcher
identified the author, research objective, actions, research methodology, sample, research object,
and research findings (effect size). The data was analyzed through the meta-analysis technique.
Jeffreys's Amazing Statistics Program (JASP) version 0.14.1 was used as data analysis in
mapping effect size and forest plot. The criteria in selecting effect size based on Cohen criteria
(1992) in range 0.20-0.50 "Low", 0.50-0.80 "medium" and > 0.80 "high". The homogeneity test in
effect size used 12 parameters if it closed to 100%. It showed that the effect size was getting
homogenous (Retnawati et al., 2018). The bias publication was analyzed through funnel plot if
the points distribution did not cover and it was blank points form without a black mark to
indicate that the data had biased publication (Retnawati et al., 2018).

3. Result and Discussion

The PRISMA method results were 16 relevant results to be analyzed, (n=6) from Indonesia
(n=8) from international research. The total distribution is presented in Table 1.
Table 1. Distribution of research data

No. Authors Methods Year Level Sample
1.  Azizah, A & Parmin, 2012 Guided inquiry 2012 Bch 42
2. Roito, E. etal., 2019 Step-by-step-model 2019 SHC 32
3. Maknun, D., 2019 Project-based 2019 Bch 91
4. Gyuris, E., 2018 Research skill training 2018 Bch 61
5. Prahmana, R. C. 1., 2015 Project-based 2015 Bch 20
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No. Authors Methods Year Level’ Sample
6. Solihat, R. et al., 2015 Personal reflection 2015 Bch 85
7.  Nurlaelah, I. et al., 2020 Practice 2020 JHC 68
8. Suatmaetal., 2012 Research teaching 2012 Bch 68

materials
9. Sabirova, E. G., & Zakirova, V., Experiment 2014 ES 270
2014
10. Craig, R. & Bielenberg, B., 2015 Inquiry 2015 Bch 252
11. Chu, 2008 Inquiry-based learning 2008 ES 141
12. Rodriguez, G., etal., 2019 Inquiry based learning 2019 Bch 529
13. Bortnik, B. et al., 2017 Virtual analytical 2017 Bch 50
chemistry laboratory
14. Maskall, J. & Cotterell, S., 2011 Project-based 2015 Bch 84
15.  Abbott, D., 2019 Game-based learning 2019 Bch 127
16.  Subekti, H , etal., 2018 Experience study 2018 Bch 302

*(Bch= bachelor; SHC— senior high school; JHC= junior high school; ES= elementary school)

The data distribution showed in table 1. The research skill method mainly was used the
inquiry method (Azizah & dan Parmin, 2012); (Craig & Bielenberg, 2015); (Chu, 2008);
(Rodriguez et al., 2019); project-based learning (Maknun et al., 2019); (Maskall & Cotterell,
2011), (Prahmana, 2015), Step-by-Step-model (Roito et al., 2019); Research skills training
(Gyuris, 2018); personal reflection (Solihat, 2015); practicum (Nurlaelah et al., 2020);
experiments (Sabirova & Zakirova, 2015); virtual laboratory (Bortnik et al., 2017); game-based
learning (Abbott, 2019); experience study (Subekti et al., 2018). A total of two studies were
carried out at the elementary school level (Sabirova & Zakirova, 2015); (Chu, 2008); one research
at the junior high school level (Nurlaelah et al., 2020) and one research at the high school level
(Roito et al., 2019), the rest were carried out in universities.

Azizah, A & Parmin, 2012

Roito, E. et al., 2019 :
Maknun, D., 2019 f HH

0.50 [0.35, 0.65]
0.50 [0.33, 0.67]
0.56 [0.46, 0.66]

Gyuris, E., 2018 —— 0.58 [0.32, 0.83]
Prahmana, R. C. I, 2015 P 0.5¢ [0.12, 1.07]
Solihat, R et al., 2015 g HEH 0.62 [0.52, 0.73]
Nurlaelah, I. et al., 2020 D HH 0.25[0.15, 0.35]
Suatma, et al., 2012 HH 0.79 [0.70, 0.89]
Sabirova, E. G., & Zakirova, V., 2014 g - 0.80 [0.75, 0.85]
Craig, R. & Bielenberg, B., 2015 : - 0.83[0.79, 0.88]
Sam, C., 2008 : H 0.46 [0.38, 0.54]
Rodr.guez, G., etal., 2019 § HH 0.85 [0.76, 0.93]
Bortnik, B. et al., 2017 - 0.37 [0.09, 0.66]
Maskall, J. & Cotterell, S., 2011 § HH 0.70 [0.60, 0.80]
Abbott, D., 2019 5 ] 0.80 [0.73, 0.87]
Subekti, H., et al., 2018 § [ | 0.70 [0.65, 0.75]
RE Model -+ 0.63 [0.54, 0.72]
[

0.00.2D.40.6.81.01.2

Observed Qutcome

Figure 2. Distribution of effect size data on research results

The distribution of the effect of the methods used in this research is shown in table 1 with low
impact (Nurlaelah et al., 2020). The highest effect in this reseacrh (Rodriguez et al., 2019). The
whole research data plots were in the proper dividing line, indicating that all the research
positively impacted the research skills. The method had used in this research enhanced the
research skills in 0.63 or the medium category.
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Figure 3. Funnel Plot Research Skills Learning Method

The research distribution is distributed and homogenous, shown in figure 3. There were no
blank points distribution data; it can be explained that there was no bias publication. In table 2
shows the homogeneity test.

Table 2. Homogeneity of research data
Residual Heterogeneity Estimates
95% Confidence Interval

Estimate Lower Upper
T2 0.028 0.013 0.064
T 0.166 0.113 0.253
I? (%) 93.458 86.916 97.083
H? 15.285 7.643 34.277

In table 2 shows the homogeneity test parameters I 93,458 or 93.5%, close to 100%, and 12
0.05. Based on the data above, it can be explained that all the data can not be replaced or
dropped.

The meta-analysis findings showed that the contribution of research skills could make a
positive contribution to enhancing research skills. The inquiry method can be chosen as an
alternative learning research skill. The inquiry method was used by Azizah & dan Parmin (2012),
Craig & Bielenberg (2015), Chu (2008), and Rodriguez et al. (2019) explained a hugely positive
effect and reasonable contribution to the research skills learning.

Rangkuti (2016) explained that inquiry was a recommended method in teaching research skills
at the university level. The inquiry was the way for scientists to develop new knowledge and
understand scientific obtain knowledge (Lederman et al., 2013; Smith et al., 2020). Based on the
explanation above, it can be concluded that scientists used inquiry to conduct research and
develop knowledge. Lederman et al. (2013) explained that inquiry was one way to understand
science and solve daily life problems. The inquiry was a basis for developing science and
scientific literacy (Smith et al., 2020).

Project-based learning methods (Maknun, et al., 2019); (Maskall & Cotterell, 2011), research-
based learning (Prahmana, 2015), Step-by-Step-model (Roito et al., 2019); Research skills training
(Gyuris, 2018); personal reflection (Solihat, 2015); practicum (Nurlaelah et al., 2020);
experiments (Sabirova & Zakirova, 2015); virtual laboratory (Bortnik et al., 2017); game-based
learning (Abbott, 2019); experience study (Subekti et al., 2018) explained that this method gave
the influence to research skills. All method analysis had a positive effect on improving research
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skills with various effects. Inquiry and project-based learning were often used to develop research
skills at the university level. According to Rangkuti (2016), inquiry and project-based learning
were suitable to enhance research skills in the university. Project-based learning allowed the
students to learn through investigation, collaborative research, and creating projects that
represent their knowledge (Bell, 2010).

The development of research skills can be done with an integrated curriculum that is able to
facilitate students to develop thinking skills and research processes (Willison & O’Regan, 2007,
Willison, 2012; Torres, 2018). In the selection, an appropriate had shown from meta-analysis
result, and it can be an option for teachers to develop student’s research skills.

4. Conclusion

The meta-analysis result found that the average of the research skills method was 0.63
(medium). This research found ten methods that give a positive effect to enhance research skills.
The inquiry was one strategy that provides significance in practice and develops research skills.
Research methods like problem-based learning, cooperative learning, mini-research, and citizen
science were not conducted so that they can be continued for the following research.
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