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Abstract. This study aims to analyze the potential of applying an open-ended approach to students' math skills which
contains five skills namely problem-solving, reasoning and proof, representation, communication, and connection. To
really know the potential for this application to be effective, statistical analysis is needed so that more objective conclusions
can be obtained. Therefore, this study used quantitative as research approach using the Meta-Analysis method. The primary
studies obtained were quasi-experimental studies that examined the effect of the open-ended implementation on
mathematical skills with a total of 32 articles. The articles were published from 2012 to 2023 on Google Scholar database,
Semantic Scholar, and direct URL. This study provides results that the treatment effect of the open-ended approach to
mathematical skill has a high effect size of 1.356 and the moderator variable that affects the heterogeneity of the study is
the type of mathematical skill, which is most effective on mathematical representation skill. While the level of education

and learning combination did not significantly influence the heterogeneity of the effect size.
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I. INTRODUCTION

Since the 2013 curriculum was implemented until now, it has
changed to an independent curriculum, and learning in class has
become student-centred learning. Students are expected to
achieve learning outcomes that have been determined in the
applied curriculum. The achievements of learning mathematics
contain various mastery of mathematical skills according to
what is disclosed by NCTM (Kemendikbud, 2016). The next
five Standards address the processes of communication,
problem-solving, representation, connections, and reasoning
and proof (NCTM, 2003). Mathematical problem-solving is an
effort where students can find a way out of the mathematical
problems, they encounter (Achadiyah et al., 2022; Wahyuni et
al., 2021). In mathematics, reasoning is the process of coming
at logical conclusions from data or presumptions. Conjecturing
and constructing strong logical arguments are examples of
mathematical thinking and reasoning skills. These are crucial
since they provide the groundwork for future discoveries and
encourage more research (NCTM, 2003). Representation is a
way that someone uses to communicate answers or
mathematical ideas to find solutions (NCTM, 2000) or
substitute models for problem situations in the form of objects,
pictures, words, or mathematical symbols (Jones & Knuth,
1991). Romberg and Chair (Tinungki, 2015) put forward a clear
understanding of mathematical communication, namely

relating real items, images, and diagrams to mathematical
concepts; verbally or visually describing concepts, scenarios,
and mathematical relationships with real objects, images,
graphics, and algebra; putting everyday occurrences into words
or mathematical symbols; seeing, talking about, and writing
mathematical ideas; reading and comprehending a written
mathematical presentation; speculating, putting forth
arguments, defining terms, drawing conclusions, and posing
queries on the material covered. Last but not least is connection
skills; every student, regardless of academic skill, has to grasp
this crucial component since it helps them understand the
connections and advantages of mathematics. By establishing
links, previously acquired mathematical concepts are applied as
foundational knowledge to comprehend newly learnt concepts
rather than being isolated as distinct elements (NCTM, 2000).
The open-ended approach is a problem-based learning that
uses open-ended problems, or what are commonly called open-
ended problems (Shimada, 1977; Shimada & Becker, 1997).
This approach appears to be a solution to improving students'
mathematical skills with various problems that require students
to focus more on developing problem-solving methods and
strategies. This is in accordance with the open-ended problems’
characteristics, which have a way of being solved and answers
that are not single (Ruseffendi, 1991; Shimada & Becker, 1997).
Anthony (1996) suggests that giving routine questions as
exercises or assignments places too much emphasis on
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procedures and accuracy and is rarely combined with other
concepts, so that it does not train students' higher-order thinking
skills. Therefore, using an open-ended in learning mathematics
has the potential to enhance students' mathematical proficiency.

The problems presented in open-ended learning are non-
routine and open-ended, giving rise to unconventional and
different ways of solving problems. This allows students to
explore a problem from various perspectives and find many
ways to find solutions. Thus, students' mathematical skills
related to problem solving will be increasingly honed and well
trained through various alternatives that students might think of
related to solving the problem (Cifarelli & Cai, 2005). Then
from various solutions that may be alternatives, students
conduct further analysis carefully to evaluate and consider
solutions that may be more efficient and relevant to the
mathematical concepts applied through justification and
generalization (Medova et al., 2020; Radford, 2008; Vale et al.,
2017).

In addition, the presentation of non-routine problems in open
ended allows for a variety of problem presentations that need
more understanding by students. In understanding these
problems, students’ mathematical representation skills are
needed to identify patterns, relationships, and implications that
arise in the problems presented in order to visualize various
possible solutions (Phonapichat et al., 2014; Tarigan et al.,
2022). In fact, it is not uncommon to need more than one type
of representation to develop a mathematical model that
accurately describes the real situation in the open-ended
problem presented.

Mathematical communication skills are clearly necessary
and important skills in the implementation of open-ended
learning (Viseu & Oliveira, 2012). This is because the ability is
related to the clear and systematic presentation of mathematical
ideas to bring students to the most efficient solution from
various alternative solutions that may be expected and appear
in understanding to solve the problem. The presentation of
mathematical ideas that can be understood is the key for
students in communicating ideas on open ended problems
presented by the teacher. In addition, strong mathematical
connection skills play an important role in dealing with open-
ended problems, as it allows students to see the whole picture,
integrate knowledge, and find innovative solutions in the
context of a given mathematical problem (Fatah et al., 2016;
Hendriana et al., n.d.; Munroe, 2015).

Several previous studies examine the effect of the open-
ended approach on mathematical skills, including mathematical
problem-solving (Yulita et al., 2021), reasoning (Widiartana,
2018), representation (Ulya & Rahayu, 2021), communication
(Amalo et al., 2022), and connection (Muchlis et al., 2018).

However, the results of this study do not necessarily
guarantee that the use of open-ended has a positive effect on
mathematical skill, and there is still a possibility of bias in
research, so a thorough study is needed regarding this topic. In
terms of the effect of open-ended approach on the five
mathematical abilities, there are inconsistencies in the results
of previous studies, which lead to inaccurate conclusions
regarding the effect of open-ended. Some studies that show no
effect in the application of open ended in math learning include
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Akbar et al., 2017; Palah et al., 2017; Rahmah & Rohaendi,
2020.

The open-ended, as one of the approaches often used in
mathematics learning, certainly needs to know its potential. Is
the application of this approach effective in improving or
optimising students' standard mathematical skills? Searching
for studies that focus on researching the effect of open-ended
on students' skills in mathematics is certainly not enough to
answer this question. The usual systematic literature study is
still not objective in providing conclusions related to the
potency of the application of this approach to the optimization
of students' mathematical skills. Therefore, it is necessary to
draw more objective conclusions using statistical analysis. This
study will attempt to answer the question regarding the
effectiveness of open-ended when applied in mathematics
learning to optimize students' mathematical skills. This meta-
analysis study will statistically analyze and evaluate primary
studies that examine and focus on the application of open-
ended to the five standard mathematical skills of problem-
solving, representation, communication, connections, and
reasoning and proof. There have been many previous studies
related to the effectiveness of an approach on mathematical
skills (Tamur et al., 2020; Juandi et al., 2022), but for the open-
ended approach, there has been no previous meta-analysis
study analyzing its potential application in mathematics
learning. Although there are studies from Kurniati & Sutiarso,
2021 and Widodo et al., 2021 about meta-analysis on open-
ended implementation, the search was not comprehensive using
several databases and there was no further analysis related to
moderator variables that affect the open-ended approach in
implementation.

In addition to aiming to determine the effectiveness of the
open-ended approach, this study also analyses the
characteristics of the study to find out what moderator variables
influence the effect of applying the approach. Therefore, this
study is expected to fill the existing research gap from previous
studies. This also supports the purpose of learning mathematics,
one of which is open ended, which is certainly related to
improving overall mathematical abilities (Hancock, 1995).

Il. METHODS

This research is a meta-analysis study that aims to synthesis
the results of primary studies related to the effect of the
application of the open-ended approach on mathematical skill.
Thus, the steps of meta-analysis research begin with
determining the research problem, namely the selection of
topics, which is the effect of the open-ended approach on
mathematical skill then the researcher determines the inclusion
criteria to obtain relevant studies so that it is also necessary to
determine the literature search strategy. After searching for
articles, a study election was carried out based on the PRISMA
protocol. The primary study data to be analysed is then
extracted to retrieve the statistical data needed to determine the
study effect size. The subsequent phase is statistical data
analysis, followed by reporting and result interpretation. The
explanation of the steps of the meta-analysis study is based on
Cooper et al., (2019), Bernard et al. (2014), Borenstein et al.
(2009). If presented in the form of a flow chart, the steps of this
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meta-analysis research will take the form of the following flow
chart.
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Fig. 1 Flowchart of Meta-Analysis

A. Inclusion Criteria

This stage of determining the inclusion criteria aims to
limited the scope of the meta-analysis so that the primary
studies obtained are relevant. The inclusion criteria used were
guided by the PICOS framework (Liberati et al., 2009;
Robinson et al., 2011; Saldanha et al., 2013). The following are
the inclusion criteria for this study:

1. The population of primary study used was Indonesian

(Population)

2. The treatment used in the primary study was the open-
ended learning implementation (Intervention)

3. The primary study compared the experimental class
(open-ended approach) with the control class
(conventional) (Comparator)

4. The primary study’s outcome is students’ skill in
mathematics (Outcomes)

5. The study primary study used was quasi-experimental
(Study Design)

6. The statistical data in the primary study must contain at
least one of the following data:

- Sample size, mean, and standard deviation posttest
score of experimental and control class

- t-value and sample size

- p-value and sample size

7. Primary study publication years range from 2012-2023
in the form of journals.

Primary studies that do not fulfil the above criteria of inclusion
will be excluded in this meta-analysis study.

B. Literature Search Strategy

In searching for relevant articles, researchers used online
databases, including Google Scholar, Semantic Scholar, and
direct journal URLs. The keywords used in the search were
"open-ended" and keywords related to all mathematical skills,
including  “mathematical  connection”,  “mathematical
reasoning”, “mathematical communication”, “mathematical
representation” and “mathematical problem-solving”.

C. Study Election
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The selection of primary studies to be analysed in this meta-
analysis study used the PRISMA protocol guidelines, which
consisted of four stages, namely identification, screening,
eligibility, and inclusion. In the identification stage, researchers
excluded the duplicate primary studies, then selected studies by
applying inclusion criteria, mainly focusing on the research
design used in the primary study. At the eligibility stage,
researchers began to focus on the adequacy of statistical data
available in primary studies as listed in the inclusion criteria,
then continued with publication bias testing to obtain primary
studies that would be statistically analyzed in this study
(included step).

D. Data Extraction

Primary studies that were selected and included in the study
were extracted to obtain information such as the author's name
and study year and also effect size statistics. These statistics
included size of sample, mean and standard deviation, p-value,
and t-value.

E. Statistical Analysis

There are two kinds of effect model used in meta-analysis
studies: fixed effect models and random effects models. In
education research, random effects model is used because there
may be differences in educational interventions where the
magnitude of impact may be different and vary for each
primary study (Borenstein et al., 2010). The heterogeneity test
results serve as a foundation for the assumptions used in
constructing the effects model, in addition to providing insight
into the research that will be done. If the set of effect sizes of
each study is heterogeneous, then a random model is most
suitable since under random effects model the primary studies’
effect sizes can vary and be unique for each (Siddiq & Scherer,
2019).

Effect size calculations for each primary study used hedges's
g formula due to the tendency for bias when using other
formulas for small samples (Juandi & Tamur, 2020). However,
a publication bias test was also conducted previously. The
publication bias test itself is very important to ensure primary
studies are valid for data analyzed. This study used three tests
to ensure the absence of publication bias, namely funnel plot,
trim and fill, and fail-safe N test by Rosenthal method
(Rothstein et al., 2005). Sensitivity testing is also important to
see the robustness of the test results to bias, this can be reviewed
by using the "one removed study" feature in the CMA version
4 application (Bernard et al., 2014).

The pooled effect sizes of the primary studies analyzed will
result in average effect sizes classified according to the
following Table | (Cohen et al., 2018).

TABLE I
EFFECT SIZE CLASSIFICATION

Effect Size Interpretation
0.00-0.20 Low
0.21-0.50 Modest
0.51-1.00 Moderate

>1.00 High
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This categorization is important in determining how much
effect is resulted in the application of the open-ended approach
to improve mathematical skills.
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I11. RESULT AND DISCUSSION

Articles obtained through literature searches and meeting the
inclusion criteria were 32 primary studies. These primary
studies came from the databases Google Scholar, Semantic
Scholar, and direct journal URLs. Statistical data from these
primary studies were then inputted into the CMA application to
compute the effect size for each study. The six articles used the
same study design, namely experimental research with a quasi-
experimental design. All articles examined the effect of
implementing an open-ended on mathematical skill by
comparing experimental classes that were given treatment and
control classes that used conventional learning. From the
CMA-assisted analysis process, the study effect sizes are
presented in the following table.

TABLE Il
PRIMARY STUDIES’ EFFECT SIZE

Confidence
Citation EffeCt Variance Interval
Size Lower  Upper
Limit Limit
(Herdiman, 2017) 1.016 0.065 0.516 1.517
(Ridha, 2017(a)) 0513  0.046 0091 0934
(Ridha, 2017(b)) 0968  0.050 0530  1.406
(Damayanti et al., 2023) 0.543 0.057 0.075 1.012
(Fernando et al., 2020) 0.599 0.064 0.104 1.094
(Junita et al., 2022) 2145  0.146 1395  2.895
g%f;%‘;”' & Kamsurya, g4 0068 0332 1351
(Ulya & Rahayu, 2020) 2.889 0187 2041  3.736
(Syahrin & Azis, 2021) 2.717 0.266 1.705 3.729
(Hartono et al., 2019) 0.958 0.146 0.209 1.708
(Nuraini et al., 2022) 2.153 0.147 1.401 2.904
%grl")“ah & Rohaendi, o490 0105 1126  0.147
(Nuraini et al., 2021) 0.949 0.096 0.342 1.556
(Mahuda, 2017) 1.436 0.074 0.904 1.969
(Yulita et al., 2021) 4558  0.181 3.724 5392
(Utami et al., 2016) 0.586 0.071 0.063 1.110
(Tarigan & Wirevenska,
2019) 1.292 0.079 0.741 1.842
g\(’)\{?a(?)y“”'”gtyas et al. g8 0084 0259 1398
(Mariam et al., 2019) 2.206 0.117 1.536 2.876
(Taufik, 2014) 1319  0.078 0771  1.867
(Gordah, 2012(a)) 0.786  0.070 0.267  1.305
(Gordah, 2012(b)) 0214  0.065 0287 0715
(Handini et al., 2015) 4.401 0.282 3.360 0.895
(Widiartana, 2018) 0.597 0.023 0.300 0.895
(Amalo et al., 2022) 0.841 0.071 0.320 1.363
(Haryani, 2016) 0.414 0.059 -0.061 0.889
(Kadarisma, 2018) 0.637 0.070 0.120 1.154
(Assabanny et al., 2018) 0.939 0.054 0.484 1.394
(Wulandari et al., 2020) 3.703 0.215 2.795 4611
g%rz”a;’“"’a“ & zuliana, 5591 0176 1769  3.412
(Lubis et al., 2019) 0.787 0.075 0.251 1.324
(Muchlis et al., 2018) 1797 0075 1261 2.333
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Each primary study has a different effect size, with only one
study showing a negative effect. Based on the classification of
effect sizes previously presented in Table I, there are 14 studies
with high effect size category, 15 studies are in the moderate
category, two studies with modest effect size, and one study
shows a negative effect. This means that most of the
applications of the open-ended approach in mathematics
learning have a positive effect on mathematical skill.

Before conducting further analysis of the effect size of the
primary study collection in this research, first we determine the
effect model that will be used in analysing the effect size. We
assumed a random effects model because the effect size will
vary from one study to another. To support this assumption, the
effect size transformation between the two models was
compared. The following table presents the comparison of
results based on the meta-analysis effect model in the CMA
application.

TABLE Il
COMPARATION OF EFFECT SIZE BASED ON ESTIMATION MODEL
Estimation N Effect Standard Lower Upper
Model Size Error Limit Limit
Fixed 32 1.039 0.094 0.942 1.135
Random 32 1.356 0.155 1.053 1.660
p- .
z Qb value I-Squared
21.057 294.1
8754 45 0.000 89.461

The criteria for determining the model are Qb and p-value,
with a = 0,05 and the null hypothesis to be tested is that the
distribution of the set of study effects is homogeneous. From
the table above, Qb =294.145 dan p-value equal 0.000 less than
0,05 it means HQ is rejected or the distribution of the effect size
is heterogeneous. Then viewed from the I-squared value which
shows the variation of the analysed study obtained by 89.461
which means 89.461% variation of the observed effect size
shows that a percentage of the variability is due to
heterogeneity rather than sampling error. Thus, random effects
model used in accordance with the assumptions and supported
by statistical test results that show rejection of the null
hypothesis and an I-squared value of more than 89%.

Furthermore, a publication bias test was aimed to ensure that
the overall effect size analysis was valid and not vulnerable to
bias. Publication bias can be seen directly from the funnel plot
generated from the unite of the primary studies’ effect size. The
criterion for determining the presence of publication bias is
based on the symmetry of the resulting plot. The following is
the funnel plot generated in the publication bias test.
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Funnel Plot of Standard Error by Hedges's g
¥

Standard Error

Fig. 2 Funnel Plot

From this figure, it can be seen that the distribution of the
treatment effect data of the prime studies is symmetrical. This
implies that there is no risk of bias of publication in this set of
effect sizes (Sternberg & Funke, 2019; Sterne & Egger, 2001).
However, the illustration from the funnel plot was not sufficient
to declare the results of the effect size analysis to be free from
publication bias, so two more tests were conducted to confirm
this. The trim and fill test was conducted to ensure that there
were no studies that caused bias and needed to be excluded
from this meta-analysis study. To decide the number of
trimmed studies, the effect model and the direction used in
finding missing data in the set of effect sizes must be known.
The model is a random effects model as previously concluded
and left of mean in looking for missing data. Through the
application of CMA, zero results were obtained in many
trimmed studies so that it can be ascertained that there is no
need for studies to be excluded from the analysis because they
cause publication bias. In addition to these two tests, the
robustness of the analysis results to publication bias is also
important to know. The Rosenthal Fail-safe N test is used in
testing the robustness of publication bias with the ad-hoc rule
criterion. The rule state that if N < 5k+10 then the effect set is
vulnerable to bias (Rothstein et al., 2006) which k is the studies’
number analyzed. In this research, number of studies (k) is 32
studies so the value of N must be more than 5k + 10 = (5x32)
+ 10 = 170 to be resistant to bias. Based on the calculation of
the N value using CMA, N = 4613 is obtained, so since it is
more than 170, it can be concluded that the study effect set is
resistant to publication bias (Mullen et al., 2001). Moreover, the
last calculation in answering the research question is the mean
treatment effect with 95% confidence level and determining the
category of the effect of the application of the open-ended on
math skill.

Based on the output in the CMA application in Table I11, the
mean effect size is 1.356 with 1.053 to 1.660 of Cl (Confidence
Interval). Then, the Z-value obtained when testing the null
hypothesis is 8.754 with a p-value of less than 0.001. The null
hypothesis that will be tested states that there is no effect of the
open-ended approach towards mathematical skills. Applying
the criterion of o = 0.05 results in the rejection of HO, indicating
that studying mathematics through an open-ended approach has
an effect on mathematical skills. From the calculation of the
mean effect size of 1.356 and viewed from the categorization
table, it can be concluded that the effect resulting from the
application of the treatment is high, meaning that the
application of the open-ended give a strong effect towards
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mathematical skills. Thus, the implementation of the open-
ended approach in learning mathematics has more potential to
improve mathematical skills compared to conventional
learning.

Several research factors undoubtedly contribute to the
difference in effect size shown in the collection of primary
studies pertaining to the application of open-ended to
mathematical skills. Therefore, we will analyze the
heterogeneity of the studies in terms of moderator variables that
could potentially cause variability in the magnitude of the
treatment effect primary studies. The researcher has determined
some of the moderator variables including education level,
learning combination, and improved mathematical skills. The
heterogeneity test based on moderator variables was conducted
using the CMA application with 95% confidence interval,
hedges's g, Z and p-value effect sizes that will be seen to look
for the potential of moderator variables to affect the effect of
implementing an open-ended approach. The following outputs
were generated from the heterogeneity test for the three
moderator variables.

TABLEV
HETEROGENEITY TEST BASED ON CHARACTERISTICS OF STUDY
Other
Moderator Effect Hetero.ge.n eity
. Group N . Statistics
Variable Size
Q- p-
value value
. Elementary 5 2.353
Edﬁ‘gjgl"“ Junior High 9 0951 5064 0.079
Senior High 18  1.301
Learning Just OE 22 1.407
Combination OE + other 10 1.256 0.232 0.630
Problem-solving 12 1.628
Mathematical Reasomng > 1.349 13.56
Skill Types Representation 7 1.704 3 0.009
Communication 5 0.485
Connection 3 1.122

From the test results in Table V, we can obtain some
information related to the moderator variables that are expected
to cause variations in the treatment effect of the primary study.
Education level as moderator variable is divided into three
groups, namely senior, junior high school, and elementary. Of
the three levels of education, the effect of applying open-ended
has the largest effect size when applied at the elementary level,
which is 2.353 and is in the high category. The application of
this approach at the junior and senior high school levels also
has a high effect, 0.951 and 1.301 respectively. Although there
is a differentiation in the treatment effect of each level of
education, the heterogeneity statistics column obtained Q-value
=5.064 and p-value = 0.079 > 0.05, so the null hypothesis about
the homogeneity of the study is accepted at a significant level
of 5%. This means, there is no significant difference in the
effect on students' mathematical skills by applying open-ended
in terms of education level.

In addition to the education level, the learning combination
is also suspected as a moderator variable that causes variation
in effect. The learning combination in this case is the
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implementation of the open-ended approach in the
experimental class, whether combined with other learning
methods or models or just purely using open-ended itself, so
there are two groups on this moderator variable, namely just
OE and the combination of OE with others. The resulting effect
size is not much different, namely 1.407 for the implementation
of the open-ended approach alone and 1.256 for the
implementation that uses a combination of other methods, for
example cooperative learning (Mahuda, 2017), CORE (Saputri
& Kamsurya, 2020), CIRC (Haryani, 2016), and the others.
Both effect sizes are in the high category. Q-value = 0.232 and
p-value = 0.630 > 0.05 were obtained in the study heterogeneity
hypothesis test. It is indicating that there is no significant
difference between the effect sizes produced by the
experimental class using the open-ended approach alone and
the experimental class using of open-ended combines with
other learning models or methods.

As previously known, mathematical skills are divided into
five including problem-solving, reasoning, representation,
communication, and connection. These five types of skills are
grouped into moderator variables that are also suspected to
cause variability. The use of the open-ended strategy showed a
high effect size on four mathematical skills and a small impact
on one other skill. The biggest impact size happened when
open-ended was implemented towards students' representation
skills which equal to 1.704. Then when viewed from the results
of the heterogeneity test, the Q-value obtained is 13.568 with a
p-value = 0.009 < 0.05, which means that the homogeneity
hypothesis is rejected at the significance level 5%. This gives
the conclusion that there is a significant difference in the effect
of the application of the open-ended approach on mathematical
skills in terms of the type of mathematical skills of students who
are being optimized.

The limitations in this study are similar to previous meta-
analysis studies, namely related to the inclusion criteria applied.
To produce broader conclusions, of course, more databases are
needed or the application of broader inclusion criteria.
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IV. CONCLUSION

Through this meta-analysis study, the potential of open-
ended implementation on students' mathematical skills can be
identified. After synthesizing, analyzing, and estimating, a high
effect size was obtained, which means that the implementation
of open-ended in mathematics learning has helped improve
students' mathematical skills. Thus, open-ended can be one of
the alternatives in learning that is useful for the achievement of
students' mathematical skills. Although the level of education
is not a factor that affects the effectiveness of open-ended in
improving mathematical skills, the application of this approach
at the elementary school level is highly recommended. As for
the combination of learning in its application, it is not required
to have a combination or pure application of this approach, but
it can be adjusted to the students' needs. Then based on the type
of mathematical skills, the application of open-ended is more
recommended in  improving students’ mathematical
representation skills.

Some recommendations for further research consist of
adding databases used in the search so that more primary
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studies can be reached, especially international journals such as
the Scopus and ERIC databases. In addition, it is necessary to
identify other moderator variables that may have a significant
effect such as sample size and time period of open-ended
implementation.
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