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How technology and industrial change affect how well students do in school
for the 4.0 level to be met, students must be able to use higher-order thinking
and technological pedagogical content knowledge (TPACK). Students have
difficulty using advanced technological tools when they need to think
critically and artistically. So, students will only be able to learn higher-order
thinking skills if they have TPACK. It is a common reason why people need
to learn mathematics better in the current world. The purpose of this research
was to help complete a structural model of TPACK and higher-order
thinking skills for distance math learners. In a cross-sectional quantitative
study, the data were looked at with structural equation modelling (SEM). For
this study, 279 people from Universitas Muhammadiyah Purwokerto and
Universitas Riau were chosen to participate. The study’s structure model
shows a powerful link between higher-order thinking skills and TPACK. As
a result, secondary school mathematics educators can benefit from this

study’s findings by adopting fresh perspectives on TPACK and higher-order
thinking.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:

Wanda Nugroho Yanuarto

Department of Mathematics Education, Faculty of Teacher Training and Education,
Universitas Muhamamdiyah Purwokerto

Jalan Raya Ahmad Dahlan, PO BOX 202, Purwokerto, Banyumas, Indonesia
Email: wandanugrohoyanuarto@ump.ac.id

1. INTRODUCTION

In the past few years, the phrase “industrial revolution 4.0” has been used a lot. The internet, the
creation of artificial intelligence, and the study of machines were all significant parts of the fourth industrial
revolution [1]. Internet of things (1oT) means everything is done through the internet. The 10T networks are
currently utilized in online travel, shopping, and education [2]. The IoT comprises many different networks
[3]. When the 10T and data processing are used together, a new way of learning is created [4]. The new
paradigm in question is how technology can help education.

Warner and Kaur [5] stated that to succeed in the information age and the fourth industrial
revolution, today’s students must be prepared to think critically and imaginatively. Genkin, Valenta, and
Yarom [6] also stated that mastery of thought is essential for understanding to grow and for taking care of
current responsibilities. This gives students a chance to improve their ability to think critically and creatively
within the setting of higher-order thinking. Analyzing, evaluating, and creating are all examples of higher-
order thinking demonstrating a student’s ability to combine facts and ideas. Whether judging a fact they are
learning about or using what they have learned to make something new. According to Maker, Jo, and
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Muammar [7], when higher-order thinking skills are developed, students apply previously acquired
knowledge and concepts in novel contexts to generate novel insights and perspectives.

According to previous studies, higher-order thinking skills are based on three main ideas about how
people learn and think [8]-[10]. First, the different stages of thought and schooling are linked and depend on
each other [11]. Second, you can improve your higher-order thinking skills and abilities by connecting what
you learn in class and the natural world [8]. Third, higher-order thinking skills involve mental tasks in
demanding and unsure situations [9].

Several researchers [12], [13] stated that the three steps of the thinking process could be used to
identify students with higher-order thinking abilities in the educational setting. Since the quality of student
thought is correlated with the quality of questions posed [12], [14], it is crucial to devise a method of
education that propels pupils to greater heights. So, it is essential to choose learning activities that allow
students to practice critical thought, analysis, filtering, learning improvement, feedback, and evaluation of
their progress [15].

During the COVID-19 pandemic, one thing that can make it hard for students to learn mathematics
is when they are expected to engage in analytical and imaginative thought, but need help using high levels of
technology [16], [17]. When learning online, paying close attention to technological pedagogical content
knowledge (TPACK) and higher-order thought skills is essential. Students need TPACK to know to think in
more complex ways. In a “mathematics for industry” course, 11.35% of students dropped out, and the study
could not explain the abstract thinking they had learned in class [18]. They need to know about ideas and
TPACK to do well. Saedah [19] also found that 16.33% of students in the Faculty of Education at the
University of North Sumatra needed help recognizing the value of higher-order thinking skills because their
own developed critical and creative faculties could have been better. Other researchers [12], [14] found that
between 15% and 20% of American students do not do well on tests of higher-order thinking skills when
TPACK does not support online learning.

In other words, a student’s proficiency in mathematics during the COVID-19 pandemic can be
explained by their TPACK and other higher-order thinking skills. TPACK helps create a positive classroom
environment by making it easier and faster for students to learn and use math through [20]. Also, students
with higher-order thinking skills can use a broader range of their knowledge and experience to make good
math decisions and create creative answers to problems they have never seen before [21].

Based on the results of several studies [22]-[24], the researcher has concluded that it takes much
work to ensure that low TPACK is met in online learning. So, it may be hard for students to learn higher-
order thought skills in school [25]. This shows how vital assistance is and how these three things can help
students deal with this problem [26].

Instead, the creation of researchers will be able to answer better issues like, “How can students learn
mathematics online during the COVID-19 pandemic emergency?” with the aid of the structural model and
“Does the presence of the COVID-19 pandemic emergency influence TPACK and higher-order thinking
skills in online mathematics learning?”. The skeleton of this strategy is still relevant in modern-day online
lecture halls. Therefore, this research aims to investigate the connection between TPACK and higher-order
thinking skills and use the findings to develop a model for 21st-century students learning mathematics online.

2. RESEARCH METHOD
2.1. Research design

A model called a structural equation modelling (SEM) is used in the work. The SEM combines
factor analysis from the measurement model and regression thinking from the structural model. The
structural and measurement models show how factors and the things used to measure them are related. The
structure model is based on statistics, while the measurement model is based on psychometrics [27]. In this
study, a structure model was made to show how TPACK fits in with more complicated ways of knowing and
thinking. It could be a cause or just something that makes a difference. A line with arrows at both ends shows
that two variables are related, while an arrow at one end shows that one variable has an effect [28]. Figure 1
shows the link between TPACK and getting more advanced information.

\ 4

TPACK <

Higher-order Thinking Skills

Figure 1. The principal relationship between constructs
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2.2. Population and sample respondents

The study demographics comprised students from the Faculties of Teacher Training and Education
at Universitas Muhammadiyah Purwokerto (UMP) and Universitas Riau (UNRI), Indonesia. The group
comprises people who took an online math class during the 2020-2021 school year. These students
participate in the math education study program’s second, fourth, sixth, and eighth semesters. The number of
students in this study’s group was 279.

2.3. Data analysis

A structural equation modelling can examine several factors’ real-time relationship [29]. SEM is a
way to use statistics to look at a path structure with one or more characteristics [30]. This model can figure
out how well something will do. This study looks at the link between information and communication
technology (ICT) knowledge and TPACK, both critical to the success of classroom situations. SEM plans to
look into how reliable it is and what problems it has later. This study used the computer program Statistical
Product and service solutions-analysis of moment structures (SPSS-AMOS) to run SEM [31].

2.4. Data collection and measurement

Root mean square error of approximation (RMSEA), Chi-square statistics, adjusted goodness of fit
index (AGFI), and goodness of fit index (GFI) all modify the goodness-of-fit (GOF) in SEM. GFI and AGFI
values of more than 0.90 in each area of the evaluation show that the model made is good. The GFI and the
AGFI can go as high as one at their highest point. Chi-square/df, on the other hand, is statistically significant
(Chi-square/df>3.0). So, with an RMSEA of 0.08, the model is close to meeting the standards for the best
model [32]. With a 95% level of statistical significance, the model and parameter values are checked to see if
they differ from zero.

3. RESULTS AND DISCUSSION
3.1. Data respondents

Students from Universitas Muhammadiyah Purwokerto or Universitas Negeri Riau comprised 279
people in the study’s sample group. There are 312 students at this school. Of those, 248 (or 88.89%) are male
and 121 (or 11.11%) are female. There are 279 students still in school for all seven semesters. Of those 279,
28.67% are in the third semester, 36.93% are in the fifth semester, and 34.4% are in the seventh semester. If
we look at where students live, 63.80% of them live in cities and only 36.2% live in rural places.
Furthermore, there were two students use the internet for less than three hours a day, 242 students use the
internet between three and five hours a day, and 35 use the internet for more than five hours a day.

3.2. Exploratory factor analysis

The study showed that both Kaiser-Meyer-Olkin (KMO) scores were above 0.50 on the TPACK and
higher-order thinking skills construct questionnaires. This showed that the data did not have any significant
problems with multicollinearity. Factor analyses could be done on the things that make up the construct.
Since the result of 0.000 (p<0.05), the item passes the sphericity test according to Barlett; it can be used in a
factor analysis as shown in Table 1.

Table 1. The structures of the exploratory factor analysis (EFA)

KMO measure and Barlett’s test of sphericity TPACK  Higher-order thinking skills
KMO measure of sampling adequacy 0.860 0.840
Bartlett’s test of sphericity Approx. Chi-square  3845.677 955.250
Df 561 66
Sig. 0.000 0.000

3.3. Confirmatory factor analysis

Cronbach’s alpha is a safe way to determine how good the measurement model. They can only be
determined if two other criteria are satisfied: average variance extracted (AVE) and composite reliability
(CR). Each structure must have a Cronbach’s alpha value of 0.7 or higher, a Cronbach’s rho value of 0.6 or
higher, and an average validity estimate of 0.5 or higher before a rating can be assigned. Following a
confirmatory factor analysis (CFA), TPACK analysis, the following values were selected for the CR, AVE,
and Cronbach’s alpha. The TPACK construct’s reliability estimates (CR, AVE, and Cronbach’s alpha) are
provided in Table 2.
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The CFA showed that TPACK comprises seven sub-constructs. The CK has five items (Tpack9,
Tpackl12, Tpackl5, Tpack22, and Tpack23). The TK has four items (Tpack5, Tpack6, Tpackl?7, and
Tpack21). The TPK has 7 items (Tpackl, Tpack2, Tpack3, Tpack4, Tpack27, Tpack28, and Tpack29). The
TPACK is made up of four parts, which are (Tpack?7, Tpack8, Tpackl10, and Tpackll). Because some
eigenvalues did not meet the requirements (e=0.4), the CFA analysis had to move on to the second analysis.
Because of this, some parts like Tpack13 (e=0.21), Tpack 16 (e=0.15), and Tpack 28 (e=0.21) were left out.
Figure 2 shows the last time the CFA model of TPACK was changed.

Table 2. The CFA of CR, AVE, and Cronbach’s alpha numbers for TPACK

Constructs Item Factor loading CR>0.6 AVE>0.5 Cronbach’s alpha>0.70 Decision
Content knowledge (CK) Tpack9 0.673 0.783 0.587 0.893 Significant
Tpack12 0.783
Tpackl5 0.763
Tpack22 0.652
Tpack23 0.583
Technological knowledge (TK) Tpack5 0.783 0.673 0.568 0.876 Significant
Tpack6 0.639
Tpackl7 0.642
Tpack21 0.742
Pedagogical knowledge (PK) Tpackl 0.674 0.639 0.538 0.863 Significant
Tpack2 0.672
Tpack3 0.784
Tpack4 0.633
Tpack27 0.623
Tpack29 0.748
Technological pedagogical Tpack24 0.632 0.784 0.583 0.786 Significant
knowledge (TPK) Tpack25 0.633
Tpack26 0.782
Tpack33 0.572
Tpack34 0.733
Technological content knowledge Tpack30 0.633 0.644 0.588 0.873 Significant
(TCK) Tpack31 0.632
Tpack32 0.783
Pedagogical content knowledge Tpackl4 0.663 0.672 0.673 0.775 Significant
(PCK) Tpack18 0.573
Tpack19 0.773
Tpack20 0.653
TPACK Tpack? 0.667 0.674 0.633 0.733 Significant
Tpack8 0.663
Tpack10 0.673
Tpack11 0.676
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Figure 2. CFA model of higher-order thinking skills

CHISQ=1145.399
CHISQ/DF=2.773
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On the other hand, the CFA analysis says that the three parts of higher-order thinking skills/PLT are
analysis, review, and creation. The first building block is analyzed (AN). There are four things in the AN
section (PIt1, PIt2, Plt4, PIt9, PIt10, PIt11, PIt12), four things in the evaluate (EV) section (PIt9, PIt10, PIt11,
PIt12), and four things in the create (CR) section (PIt5, PIt6, PIt7, PIt8). Also, the CFA analysis went on to
the next step because some eigenvalues had to be less than 0.4 to meet the criteria. So, PIt3 (e=0.34) cannot
be right. Figure 3 shows higher-order CFA model completion. Then, the study of higher-order thinking skills
(CFA) was continued to find the CR, AVE, and Cronbach’s alpha values (Table 3).

.69

P-VALUE=.000
DF=41
27 52 53 40 TLI=.894

CFl=.921
| Pitg | PIt10 || PIt11 || PIt12 | o

NFI=_881
CHISQIDP=2 647
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Figure 3. Higher-order thinking skills as shown by the CFA model

Table 3. The scores of CFA on higher-order thinking skills
Constructs  Item  Factor loading CR>0.6 AVE>0.5 Cronbach’s alpha>0.70  Decision

AN PIt 1 0.887 0.633 0.664 0.779 Achieved
PIt 2 0.784
Plt 4 0.767

EV PIt9 0.674 0.783 0.539 0.897 Achieved
Plt 10 0.776
Plt 11 0.762
Plt 12 0.663

CR PIt5 0.876 0.794 0.673 0.887 Achieved
PIt 6 0.766
PIt7 0.688
PIt 8 0.632

3.4. Structural equation modelling

In the meantime, the trustworthiness of validation or SEM depends on three things: being one-
dimensional, valid, and reliable. A pooled CFA must be done first to assess the structural model in a way that
meets these three conditions. The dimensions are consistent when the loading factor for each item and
measure is more than 0.6. This is one way to get to this result. This EFA study could show that there is
convergent validity, construct validity, or biased validity. We will babble about these kinds of validity in
more detail. When every part of the equation model is statistically confirmed using the AVE value, this is
called “convergent validity.” All items should have the same value to ensure the measurement model is
correct.

GOF values demonstrated construct validity, while the absence of items measuring the same two
constructs demonstrated biases in the measurement model. The fit indicator number (GOF) was used to
determine whether these two claims were true. If the value of the relationship between two external
constructs is less than 0.4, then discrimination holds [33]. Figure 4 shows the finished SEM and thoroughly
explains what each part does. Based on the results of the SEM model analysis, the analysis was done to
figure out which SEM model was the best. In Table 4, all of the results of the relationships between the two
categories are shown.
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Figure 4. Higher-order thinking skills and TPACK are modelled by a set of equations

Table 4. Higher-order thinking skills and TPACK were looked at with SEM
Sub-constructs B SE CR p Decision

AN «— PLT 0.692 0.484 1909 0.056 Significance
EV “— PLT 0.723 0.522 2.430 0.000 Significance
CR «— PLT 0.663 0.431 3.401 0.004 Significance
CK <« TPACK 0.793 0.644 0.498 0.618 Significance
TK <« TPACK 0402 0464 2529 0.011 Significance
PK <« TPACK 0.644 0421 2434 0.015 Significance
TPK <« TPACK 0.672 0452 3.099 0.002 Significance
TCK <« TPACK 0.743 0550 3.097 0.002 Significance
PCK <« TPACK 0.683 0462 2409 0.042 Significance
TPACK <« TPACK 0.703 0492 3.915 0.000 Significance

For this discussion, the value of the connection is put into three groups: low, medium, and high [34].
Connections with less than 0.10 have low values, connections between 0.10 and 0.50 have middle values, and
connections with more than 0.50 have high values. The study showed that there was a moderate correlation
(0.010). The SEM study showed a correlation 0f=0.912, which is statistically significant.

4. CONCLUSION

Students at Universitas Muhamamdiyah Purwokerto and Universitas Riau majoring in mathematics
education were surveyed for this study feel about the growth of TPACK and the learning of higher-order
thinking skills. The results of this study could lead to new ways of thinking about mathematics, which would
give high school students more opportunities to learn mathematics and help them develop TPACK and
higher-order thinking skills. More study is needed to understand the causes and effects of the COVID-19
pandemic fully and to find out the latest information about the factors that affect how well people learn.

Education is always changing to meet the needs of modern society and keep up with the growing
complexity of science and technological advances. In the same way, the education field needs to pay close
attention to even the smallest changes and improvements in science and technology. This is a necessary first
step that must be taken. Given the situation, the job of the teacher is an important one. Lecturers or professors
must always work to broaden their views and improve their skills because they are at the front lines of
education.
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