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Student engagement is the most crucial factor in learning activities because it is the
main factor in improving student learning outcomes in class. This study aims to
develop instruments and evaluate student involvement in learning mathematics to
achieve maximum learning outcomes at school. The population in this study was all
high school students in Riau province. The sample is 150 high school students
selected by multiple-stage random sampling based on high, medium, and low student
achievement levels. Data analysis in this study was carried out four times: (1) data
analysis based on the results of expert assessment of the instrument with the Aiken
formula; (2) small-scale validity data analysis with first-order CFA; (3) large-scale data
analysis with second-order CFA analysis; (4) descriptive analysis to see the categoriza-

tion of student learning engagement in Riau province whether in very good, good,
not good and very not good. The analysis using the Aiken formula shows that 24 out
of 27 items developed are valid. The first-order CFA analysis shows that the 24 items
distributed are valid. The second-order analysis shows that the construct validity of
the learning involvement variable is valid and reliable. The analysis of learning
involvement results shows that students' involvement in learning mathematics is in
the not-good category. The Riau provincial government needs to maximize student
learning engagement which can be done by regulating students' effective study hours
at school and home. Collaboration between parents and schools must be improved
so parents can control student learning outside of school.
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INTRODUCTION

Learning engagement is a method of providing learning experiences that allow students
to learn more outside the classroom. This learning experience involves students learning
through informal environments such as YouTube, museums, reading newspapers and maga-
zines, searching for information online, having discussions with friends, and pursuing hobbies
in designed environments, such as museums, science centers, planetariums, aquariums, zoos,
environmental centers, etc. or library (Chao et al., 2016). The involvement of students in non-
formal time (outside school hours) has the potential to have or significant effect on students'
mathematical abilities so that students can keep abreast of technological developments (Li et al.,
2021; Mehrolia et al., 2021). The success of students in the era of global challenges or the indus-
trial revolution 4.0 is very dependent on the seriousness of students in learning from various
sources (Teo et al., 2021). The effectiveness of student learning in global challenges or the era
of the industrial revolution 4.0 is greatly influenced by the seriousness of students in learning
and mastering information technology (Miranda et al., 2021). The adaptability of students in the
era of the industrial revolution 4.0 determines the success of students when they graduate from
school (Avis, 2020). The involvement in learning mathematics is an essential concern because
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the involvement in learning is a determining factor for students' success in learning in an era of
global challenges and success in mastering information technology (Bonilla-Molina, 2020).

Indonesia's mathematical ability internationally is still at a Low International Benchmark
level. Indonesian Mathematics skills, on average, only recognize basic facts and cannot yet com-
municate, relate various topics, let alone apply complex and abstract concepts in mathematics
(Mullis et al., 2020). Based on data released by the OECD in December 2019, the average score
of Mathematics students in Indonesia is 379, and Indonesia is ranked 72 out of 78 countries
(OECD, 2018). These results show that Indonesia's international mathematics skills could be
better because, in terms of ranking, Indonesia still needs to catch up to neighboring countries
such as Malaysia, Thailand, and Singapore. The low math ability of Indonesian students is the
intense interest in learning, understanding, reading, and seriousness in learning mathematics
(Korpershoek et al., 2015; Yiksel, 2014). One way to improve students' mathematical abilities
is to increase students' involvement in learning mathematics with a vatiety of relevant learning
resources.

Based on these problems, the development of instruments for evaluating students'
involvement in learning mathematics in the era of global challenges and the factors influencing
them is urgently needed to manage students' involvement in learning mathematics. The research
novelty is developed by combining the research by some previous researchers (Jay et al., 2018;
Li et al., 2021; Pan et al., 2018; Takeuchi, 2018) who recommended four indicators to describe
students’ involvement in learning mathematics: agentic engagement, behavioral engagement,
emotional engagement, and cognitive engagement. Experts suggest two indicators to complete
this research: an outdoor learning experience and engaging nearby sources. The instrument that
will be developed can be a valuable resource for education stakeholders in Riau province to
improve the Mathematics abilities of high school students in Riau province. Improving the
involvement of learning mathematics is an essential thing that needs to be done by the education
element. With valid and reliable instruments both in content and construction, there are areas
for improvement in the learning involvement mathematics in Riau province. Even operational
recommendations can be proposed to improve students’ involvement in mathematics.

The involvement in learning mathematics is patt of increasing or developing students'
academic competence in learning at school, which significantly influences learning achievement
(Daumiller et al., 2020). Student engagement is a determining factor and an essential concern
for student performance in learning mathematics (Wang & Zhang, 2020). High motivation in
learning can increase engagement resulting in high self-efficacy to succeed in learning Mathema-
tics (Alemayehu & Chen, 2021). Student learning involvement can shape a student's success
beliefs because learning involvement brings students into maximum activity to provide students
with provisions for successful learning (Adeshola & Agoyi, 2022). Learning involvement makes
it easier for students to master complex math material because there is a maximum effort to
solve each problem through various strategies (Moon & Ke, 2020). Maximum learning involve-
ment outside of school hours can control students' learning to the fullest and what needs to be
done optimally (Khalid et al., 2020). The involvement of students in learning mathematics is a
non-academic aspect that can improve student achievement in learning mathematics. Maximiz-
ing students' mathematics learning engagement is the best practice to enhance students' mathe-
matics learning performance in class (Watt et al., 2017). Learning involvement or engagement
of mathematics the best strategy to maximize students skill in learning the mathematics.

RESEARCH METHOD

This research is development research proposed by Borg and Gall (1983), which consists
of 10 research stages which are further simplified into four stages according to research needs
that is, (1) initial investigation, design stage, (2) instrument validation, (3) trial small and large
scale, evaluation, revision, and (4) Instrument implementation of the instrument by using it to
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measure on a large sample. The investigative stage is the exploratory stage which is carried out
by interviewing school principals and mathematics teachers, and students and finding constructs
by exploring theories about the involvement of students in mathematics learning and the factors
that influence it. The design stage is designing an instrument to measure/evaluate the involve-
ment in learning mathematics at high schools in Riau province. The validation stage is through
FDG activities with Evaluation Experts, Measurement Experts, and learning experts, where at
this stage, the feasibility of the instrument is assessed by experts. The instrument's testing, evalu-
ating, and revising stages are the instrument's testing stages on students in a small number of
150 students. The results of the trials will be evaluated and revised. The implementation or
dissemination stage was carried out to high school students throughout Riau province. The
sampling technique is cluster random sampling taken with a target sample of 438 Students from
three districts. Each district is taken three schools and 48 to 50 students randomly. The instru-
ments used in this study were questionnaires and interview guidelines. The instrument was
developed based on the results of theoretical exploration or theoretical studies of research
variables through various international books and journals. The indicators of the variables form
the basis for developing items or instrument items that will be used as tools to obtain accurate
information. Six indicators are used to get information, agentic engagement (AE), behavioral
engagement (BE), emotional engagement (EE), and cognitive engagement (CE), outdoor learn-
ing experience (OLE), engaging nearby sources (ENS). Data analysis is an analysis of the validity
and reliability of the instrument using EFA (Exploratory Factor Analysis), CFA (Confirmatory
Factor Analysis), and Construct Reliability. Further data analysis uses descriptive statistics to
evaluate student learning involvement by comparing whether there are differences in the meas-
urement results with the criteria that have been developed.

FINDINGS AND DISCUSSION

Findings

The first analysis is an analysis of the instrument's validity developed through an assess-
ment process carried out by experts (lecturers in the field of evaluation, statistics, or educational
measurement). The assessment results are then analyzed to determine whether the instrument
developed is in the valid category. The results of the analysis can be seen in Table 1.

Table 1. Aiken’s Validity Result

Item s A% Criteria Item s Y Criteria Item s Vv Criteria

AE1 10  0.833 High EE4 11 0.92 High OLE4 4 0.333  Middle
AE2 9 0.75 Middle EE5 11 0.92 High OLES5 10 0.833 High

AE3 3 0.667 Middle CE1 12 1 High OLEG 10 0.833 High
BE1 12 1 High CE2 8 0.67 Middle OLE7 9 0.75 Middle
BE3 10 0.833 High CE3 10 0.83 High ENSI1 12 1 High
BE3 11 0.917 High CE4 9 0.75 Middle ENS2 10 0.833 High

EE1 10 0.833 High OLE1 10 0.83 High ENS3 9 0.75 Middle
EE2 4 0.333 High OLE2 11 0.92 High ENS4 11 0.917 High
EE3 10 0.833 High OLE3 12 0.33 High ENS5 10  0.833 High

From the analysis results, it can be concluded that there are three items in the low cate-
gory, namely OLE4, OLEG, and ENS4 items. These three items should not be considered for
data collection because they can produce invalid information. The next analysis is a first-order
analysis of CFA based on 150 student respondents who were distributed. From the analysis
results, it can be seen empirically whether the 27 items are valid and reliable. Before item 27 is
checked with CFA, it is necessary to analyze the adequacy of the sample through Kaiser-Meyer-
Olkin Measure.
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Table 2. Results of Kaiser-Meyer-Olkin Measure

Factor Learning Engagement
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.817
Bartlett's Test of Sphericity Approx. Chi-Square 890.980
df 351
Sig. 0.000

Based on the results of the analysis in Table 2, it can be concluded that the respondents
used were 150 respondents who were already represented for analysis using CFA. From analysis
is obtained value of the Kaiser-Meyer-Olkin Measure of Sampling Adequacy of 0.817. Table 3
shows the KMO value.

Table 3. Confirmatory Factor Analysis of First-Order

Item Loading Criteria Item Loading Criteria Item Loading Criteria
Factor Factor Factor
AE1 0.53 Valid EE4 0.62 Valid OLE3 0.53 Valid
AE3 0.67 Valid EE5 0.47 Valid OLES5 0.51 Valid
BE1 0.41 Valid CE1 0.45 Valid OLE7 0.72 Valid
BE2 0.43 Valid CE2 0.67 Valid ENS1 0.49 Valid
BE3 0.57 Valid CE3 0.61 Valid ENS2 0.37 Valid
EE1 0.34 Valid CE4 0.75 Valid ENS3 0.66 Valid
EE2 0.33 Valid OLE1 0.63 Valid ENS4 0.59 Valid
EE3 0.44 Valid OLE2 0.52 Valid ENS5 0.55 Valid

Table 3 describes that 24 items from six indicators have a loading factor is more than
0.3. These results showed that twenty-four items are valid and could be used to get information
on student involvement in mathematics.

Reliability

Instrument reliability uses Cronbach's Alpha coefficient. The reliability value is good if
Cronbach's Alpha coefficient is more than 0.7. The results of the analysis are shown in Table 4.

Table 4. Reliability Statistics

Factor N of Item Cronbach’s Alpha
Indicator AE 0.819
Indicator BE
Indicator EE
Indicator CE

Indicator OLE
Indicator ENS

U Ol U Ul LW

Based on Table 4, it can be concluded that the instrument developed has a Cronbach's
Alpha coefficient that meets the requirements so that the instrument can be used to evaluate
students' learning involvement in mathematics material in junior high schools.

The Large-scale Trial

Large-scale trials were conducted to see the validity and reliability of the constructs
obtained from the factors or components to be evaluated. The constructs of indicators obtained
from the factors will be seen for their validity and reliability. This is done to prove that the con-
structs found through FGDs and literature review are valid and reliable. Validity and reliability
were analyzed with CFA using Lisrel 8.80 software. The analysis results can be seen in Table 5,
Table 6, and Table 7.
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Table 5. Fit Model Results of Students’ Involvement

Goodness of Fit Index Criteria Achieved Value Conclusion
Chi square < 2df 4.34 (df=5) Good
Significant (p-value) > 0.05 0.50106 Good
RSMEA <0.08 0.000 Good
Goodness of fit Index (GFI) > 0.90 1.00 Good
Normed Fit Index (NFI) >0.90 1.00 Good
Comparative Fit Index (CFI) >0.90 1.00 Good
Incremental Fit Index (IFI) > 0.90 1.00 Good
Non-Normed Fit Index (NNFI) > 0.90 1.00 Good

Based on Table 5, eight fit model indicators with acceptable criteria are obtained. Chi-
square is 4.34 is less than 10 (2 x df). The P-value is more than 0.05. RSMEA is less than 0.08,
GFI is more than 0.90, NFI is more than 0.90, CFI is more than 0.90, IFI is more than 0.90,
and NNFI is more than 0.90. These results indicate that the data obtained is feasible with the
model used. Furthermore, the construct validity of the six indicators can be carried out. Table
6 describes the results of the construct validity analysis.

Table 6. The Construct Analysis Result of Confirmatory Factor Analysis

Variable Indicator /Construct A Category
Learning Involvement Indicator AE 0.67 Valid
Indicator BE 0.53 Valid
Indicator EE 0.76 Valid
Indicator CE 0.59 Valid
Indicator OLE 0.61 Valid
Indicator ENS 0.72 Valid

CFA can find construct reliability results by involving loading factors and error values in
the analysis results. Table 7 illustrates the construct reliability coefficient obtained. Based on
Table 6, the loading factor value is more than 0.3. The results of the analysis in Table 7 explain
that the constructs of the six indicators have an acceptable validity value and can be used to
evaluate the learning involvement in learning mathematics in junior high schools in Riau
province.

Table 7. Summary of Construct Reliability Analysis

Variables Indicator/Construct s Error CR
Learning Involvement Indicator AE 0.67 0.34 0.94
Indicator BE 0.53 0.41
Indicator EE 0.76 0.36
Indicator CE 0.59 0.46
Indicator OLE 0.61 0.39
Indicator ENS 0.72 0.50

The reliability coefficient from Table 6 shows that the instrument for students' involve-
ment in learning mathematics can be used with appropriate procedures to evaluate the involve-
ment in learning mathematics for high school students in Riau province. Based on Table 7, it
can be concluded that the construct reliability results are greater than 0.7.

Evaluation Results

After every procedure to develop instrument have finished and instrument are stated valid
and reliable based on content and construct, evaluation on the mathematics learning involve-
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ment can be implemented. Figure 1 and Table 8 show the evaluation results of students mathe-
matics learning involvement.

Table 8. Evaluation Results of Students Mathematics Learning Involvement

Criteria Frequency Percentage
Very Good 9 2.05
Good 158 36.07
Not Good 264 60.27
Very Not Good 7 1.60

Table 8 shows the evaluation result of students’ involvement in learning mathematics in
Riau province. The results show 2,05% in the very good category, 36.07% in the good category,
60.07% in the not good category (still bad), and 1.60% in the very not good category (terrible).
This result is described in Figure 1.

Mathematics Learning Involvement of Students

Very Not Good h

Not Good _

Good __

Very Good h

0 50 100 150 200 250 300

B Percentage M Frequency

Figure 1. Mathematics Learning Involvement of Students

Figure 1 and Table 8 explain, there is 2.01% students has very good criteria of mathema-
tics learning involvement, 36.07% students has good criteria of mathematics learning involve-
ment, 60.27% students has not good criteria of mathematics learning involvement, and 1.07%
students has very not good criteria of mathematics learning involvement. Overall, students
mathematics learning involvement in not good criteria with score 56.99.

Table 9. Evaluation of Mathematics Learning Involvement of Students Based on Indicators

Indicators Mean Std. Deviation Category
Indicator AE 7.12 1.96 Not Good
Indicator BE 7.11 1.97 Not Good
Indicator EE 11.87 2.59 Not Good
Indicator CE 7.14 2.05 Not Good

Indicator OLE 11.96 2.68 Not Good
Indicator ENS 12.53 2.902 Good

Table 9 explains that eight indicators from theory exploration of mathematics learning
involvement. Indicators AE have mean of 7.12, standard deviation of 1.96 with not good cate-
gory. Indicator BE have mean of 7.11, standard deviation of 1.97 with not good category.
Indicator EE have mean of 11.87, standard deviation of 2.59 with not good category. Indicator
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CE have mean of 7.14, standard deviation of 2.5 with not good category. Indicator OLE have
a mean 11.96, standard deviation of 2,68 with not good category. Indicator ENS have a mean
12.53, standard deviation of 2.902 with good category.

Discussion

The instrument of the mathematics learning involvement has been valid and reliable by
analyzing content and konstruk method. Valid and reliable instruments can provide information
with a high degree of accuracy (Clifton, 2020; Setiawan et al., 2019). The quality of the instru-
ment determines the success of the data collection process (Hadi et al., 2022; Amir & Risnawati,
2015). Quality instruments can determine policies to positively impact the work environment
(Shrotryia & Dhanda, 2019). Valid and reliable instruments are a strong basis in determining the
success of an educational program that runs for a certain time (Bagozzi et al., 1991; Taylor-
Ritzler et al.,, 2013). The great instrument will provide comprehensive information about the
advantages or disadvantages of educational programs (Hadi et al., 2019; Nicolella et al., 2018).
Instruments that have met the validity and reliability criteria will answer information about
ongoing programs (Acs et al., 2020; Bray et al., 2020). The instrument validated in terms of con-
tent and constructs provides meaningful information to stakeholders about the program being
led.

The development of mathematics learning involvement instruments to maximize a meas-
urement process at junior high schools. The instrument-preparing activity begins from the phase
of determining the goal compiling test specifications, constructing initial item patterns, review-
ing items, conducting initial testing of items, field testing items, determining statistics from item
scores, designing and conducting reliability and validity tests and stages the last is to develop
guidelines for administration, scoring, interpretation of test scores. These stages are carried out
systematically so that an instrument is obtained that is used to measure students' intellectual
character. Instruments that are developed with the proper procedures or rules will produce
instruments that can measure the objectives of an instrument (Andrian et al., 2018; Setiawan et
al., 2019). The stages are arranged coherently and ultimately can produce valid and reliable in-
strument items so that measurements can be carried out accurately (Andrian, 2019; Hadi et al.,
2022).

The results show that the instrument's content developed is valid and reliable, following
the advice of experts and practitioners so that this instrument can provide the best information
in making decisions about the mathematics learning involvement of senior high schools of Riau
province. Valid and reliable instruments based on expert judgment, practitioners, and field trials
will give maximum results in measurement activities (Wahyuni et al., 2020; Wright & Craig,
2011). Quality instruments are instruments that have been validated with appropriate proce-
dures through clear stages and can provide the information needed for policymakers (Shrotryia
& Dhanda, 2019). The best information only get from the best instrument have validated by
experienced validators from various aspects of knowledge (Terwee et al., 2018). Accurate infor-
mation will be guaranteed by valid and reliable instruments that are validated through strict
procedures (Risnawati et al., 2019). The instrument is one of the most crucial roles in research
(Hadi et al., 2019) Instruments are used to measure data, so the quality of an instrument is need-
ed to get the accuracy of good data. A good quality instrument will be able to obtain data that
accurately describes the trait of the research subject.

Evaluation results show the students' mathematics learning involvement was still in the
not good category. The results indicated that many indicators or aspects of the student's mathe-
matics learning involvement are needed to improve so the government goal according to vision
can be achieved. Low students’ involvement in learning is affected by the low involvement of
the parent, teachers, education policymakers (Panaoura, 2021). Students learning involvement
of mathematics is basic to understand and master mathematics material on the high level (Igbo
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& Omeje, 2014; Leung et al., 2019). The mathematics mastery contribute to students in under-
standing the overall of mathematics concept from low level to high level (Browning et al., 2014;
Kersting et al., 2010). The students mathematics learning will increase students’” performance
because students get the best training when students at home or not at schools (van den Heuvel-
panhuizen & Drijvers, 2014; Marini, 2017). Students who maximize a time out of schools can
significantly increase their quality so students master every material from teachers in classroom
(Acharya, 2017; Zakaria & Syamaun, 2017).

CONCLUSION

The learning engagement instrument developed to evaluate students' mathematics learn-
ing engagement in senior high schools is valid and reliable in terms of content and construct.
Of the 27 items developed and validated by experts, analyzed using the Aiken formula, EFA,
CFA first and second order, and descriptive statistics yielded 24 valid items that can be used to
evaluate students' involvement in learning mathematics. The results of the fit model from the
CFA for large-scale analysis also show that all indicators are valid, and the fit model is fulfilled
so that the instrument is procedurally feasible to use in describing how the results of evaluating
students' involvement in learning mathematics in Riau province. The evaluation results show
that students' learning engagement could be in a bad category. A strategy or policy is needed
that can increase student learning engagement in senior high schools in Riau province.
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