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Abstract. Introduction. The 21 century teachers need be able to create students who
are creative and have critical thinking skills which are possibly obtained by implementing high
order thinking skills (HOTS) in learning activities.

Aim. This study aims to examine whether teacher professional knowledge (TPK) can im-
prove teacher’s critical thinking (CT) and whether HOTS literacy (HL) and teacher professional
development (TPD) can mediate the relationship between TPK and CT.

Methodology and research methods. This study is explanatory research with 724 teach-
ers serves as respondents. The analysis was carried out using WarpPLS and data were collected
through questionnaire.

Results and scientific novelty. The research results demonstrate that TPK affect CT di-
rectly and indirectly. HL and TPD intermediate the relationship of TPK on CT.

Practical significance. This study provides important information to relevant stakehold-
ers, such as the Ministry of education, universities, and schools which explains or proposes
factors that can improve teachers’ ability in developing critical thinking or higher-order think-
ing based questions. This information needs to be immediately known so stakeholders or policy
makers can design appropriate regulations or policy that can develop teacher capacity and
education curriculum.
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AHHOMauust. Bsederue. Yuureas XXI BeKa MOAXKHBI ObITh B COCTOSIHUHM BOCITUTATDH
TBOPYECKHUX YYEHUKOB, KOTOPbIE MBICASIT KPUTHYECKH, 328 CYET PA3BHUTHS HABBIKOB MBIIIACHUSA
BbIcOKOro mopsiaka (HOTS) B mportecce obydeHwusl.

Ilens. Hacrosiee nccaeioBaHue HAIIPaBAEHO HA M3YYEHHE TOTO, MOTYT AW IIPOeCcCH-
OHaAbHBIE 3HAHHUSA yYUTEACH YAYYIIUTE KPUTHYECKOE MBIIIACHHE M MOTLYT AH I'DAaMOTHOCTE B
npuMmenennu HOTS u npodeccroHasbHOE pa3BUTHE yUHTeACH OIIOCPENOBATh UX B3aUMOCBSI3b.

Memooosaoaust u memoosbl uccaedosarust. [JaHHOE MCCAEIOBAHHE HOCHUT IIOSICHUTEAB-
HBIA XapakTep IpH obIie#l BeiOOpKe 724 yuureseil. AHAAH3 IIPOBOMHUACS C HCIIOAB30BAHHEM
WarpPLS, a maHHbIe COOMPAAUCEH C IIOMOIIBIO aHKET.

Pesynemamel u HAyuHAsi HOBU3HA. Pe3yAbTaThl UCCAEOBAHHS II0KA3aAH, YTO IIPOdeCcCH-
OHaAbHBIE 3HAHUS yYUTEAeH BAMSIOT HA KPUTHYECKOE MBIIIACHHE IIPSIMO U KOCBEHHO. I'pamMoT-
HocTh B npuMeHeHnn HOTS u nmpodeccrnoHasbHOE pa3BUTHE YIUTEACH SBISIOTCS MPOMEKY TOYHBIMH
3BEHBSMHU MEX/y IIPO(PECCHOHAABHBIMH 3HAHUSAMHU YIUTEACH U KPUTUYECKHUM MBIIIIACHHEM.

Ilpaxmuueckas sHauumocms. HacTosliee nccaeoBaHUE MPENOCTABASET BasKHYIO HH-
opMaIHI0 COOTBETCTBYIOIINM 3aWHTEPECOBAHHBIM CTOPOHAM, TAKHM KakK MHHHCTEPCTBO 00-
pa3oBaHUA, YHUBEPCUTETBI U IIKOABI, OTHOCHUTEABHO TOTO, KaKHWe (PaKTOpPbI MOTYT YAYYIIHUTH
CITOCOGHOCTH yUHUTeAeH IIPU IIOATOTOBKE BOIIPOCOB, HAIIPABACHHBIX Ha KPUTHYECKOE MbIIIACHHE
(MBIIIIA€HTE BBICOKOTO IIOPSAKA). OTHU (paKTOPbI JOAXKHEI ObITH HEMEIAEHHO OOHAPYKEHBI U U3-
yYUeHBI 3aMHTEPECOBAHHBIMU CTOPOHAMH, YTOOBI II0IePKATH PETYAHPOBAHUE PA3BUTHS IIOTEH-
yasa yauTeAel, a TakxKe TEKYIIUY IIPollecc pa3paboTKH yIeOHbIX IIPOTPaAMM.

Knroueesvte cnoea: mpoheCCHOHAABHOE Pa3BHTHE YUHUTeAeH, IIpodecCHOHAABHBIE 3HA-
HUS yYUTeAeH, TOATOCPOYHOe OOydYeHHe, ONBITHBIN YYUTEAb, IPAMOTHOCTE B ipuMeHenun HOTS,
OTCAEXKHUBaHHE HCTOYHUKOB, MHAUKaTOop HOTS, KpuTHYeCcKoe MBIIIACHHUE.
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Introduction

Critical thinking skills are ideal thinking [1]. The 21 century teachers
must have the ability to instill high order thinking (HOTS) in students in order
to be able to apply, analyse, synthesise and evaluate information processing
[2]. Higher order thinking skills (HOTS) are one of the important aspects in
education to provide metacognitive skills [3]. Therefore, educators began to be
interested in teaching thinking skills with information and teaching content de-
veloped on metacognitive skills, which were defined as meta-learning [4]. Me-
ta-teaching strategies can help mediate metacognitive skills [5] and the key to
metacognitive thinking as a key element in the transfer of learning [6].

HOTS can foster critical thinking skills if evaluated with the right eval-
uation technique [7]. It is necessary to evaluate critical thinking questions to
measure the application of HOTS learning. The HOTS assessment can improve
students’ critical thinking skills [8]. Hence, the evaluation should be adapted to
current needs [9]. Teachers are required to use certain assessment techniques
or explore problems by involving students for assessment [10]. The professional
educators must always provide feedback on the learning process to improve the
quality of learning [11].

There were still discrepancies between the assessment design and the
importance of the final assessment [12]. However, Willingham [7] also found
that the implementation of HOTS is still not being implemented, which is disap-
pointing. The problem of the low ability to compose HOTS questions was found
in HOTS seminar participants, it was proven that teachers had difficulty in pre-
paring HOTS questions. Caution is needed in assessing to maximise learning
[13]. Learning with HOTS includes higher-order thinking skills, it is necessary
for the creativity of teachers to master HOTS evaluation techniques [2]. The
phenomenon of inequality between teachers’ abilities in adjusting the evaluation
of HOTS. It is interesting to study about the antecedents that influence critical
thinking.

A coherent and systematic professional development for teachers is es-
sential [14]. Previous research shows that certification programmes for profes-
sional development are important in Indonesia, currently there are certified and
non-certified teachers [15]. Moreover, non-certified teachers have heavy respon-
sibilities with limited welfare, financial limitations and no social support [16]. It
is important to observe the gap between certified and non-certified teachers in
the preparation of HOTS questions.

Teachers must have sufficient experience to develop evaluation questions
that can foster critical thinking [17]. Teaching experience is able to predict the
ability of teachers [18]. Even though it takes a long time to develop critical think-
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ing skills [19]. Allard & Doecke stated that novice teachers and experienced
teachers have different professional knowledge statuses [20]. The teacher must
function as a facilitator, who mediates learning to be able to trigger students’
meta-cognitive thinking [19]. However, teachers with less than 1 year of expe-
rience tended to be higher than 1-5 years [18]. It is important to research the
experience of professional teachers [21].

Critical thinking can be derived through HOTS-based learning indicators
[22]; hence, it is important that learning should be designed using good perfor-
mance indicator criteria [23]. According to Albitz [24], teachers are responsible
for having information literacy and critical thinking skills in learning because
critical thinking is regarded as a deliberate metacognitive process to generate
conclusions based on logical arguments and problem solutions [25]. In criti-
cal thinking, there are components that include skills in analysing arguments,
making conclusions using inductive or deductive reasoning, assessing or eval-
uating, and making decisions or solving problems. Many studies discuss the
importance of teacher literacy because literacy is assumed to be an aid for crit-
ical thinking [19-21]. Teacher literacy can be measured by their ability to trace
sources and their ability to reduce critical thinking indicators on HOTS-based
questions. However, from the results of preliminary interviews, facts showed
that many teachers did not have prior understanding whether on how to make
HOTS-based questions or on how to apply their knowledge in making questions
by applying critical thinking skills. Referring to the phenomena and initial data
obtained, this study aims to analyse the relationship between teacher profes-
sional development (TPD), teacher professional knowledge (TPK), HOTS literacy,
and critical thinking in HOTS-based questions making.

Literature Review

1. Critical Thinking

HOTS-based learning offers an alternative and open search for critical
thinking which has been developed from Bloom [27]. This idea is supported
by many researchers who generally state that critical thinking is an important
feature for problem-solving and decision-making [6, 7, 25, 27, 29]. Paul & Elder
[28] stated that a critical thinker can 1) ask vital questions and problems,
formulate them clearly and precisely, as well as collect and assess relevant
information using abstract ideas to interpret it effectively; 2) reach reasonable
conclusions and solutions and test them against relevant criteria and standards;
3) think openly in alternative systems of thinking, recognise and assess them
based on assumptions, implications, and practical consequences; as well as 4)
communicate effectively with others in finding solutions of complex problems.
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Critical thinking skill will affect lives in the future because it serves as the
basis of the ability to solve problems as well as make a decision, good judgment,
and analysis [29]. Critical thinking skills allow individuals to broaden their
perspectives and navigate their decisions in their lives. In higher education,
critical thinking skills consider an important skill [1]. According to Goddu [4],
critical thinkers are people who can move beyond “typical” thinking models to
advance their ways of thinking. These people usually 1) acknowledge personal
limitations; 2) look at the problem as a challenge; 3) understand their goals; 4)
use evidence to make judgments; 5) are interested in other people’s ideas; 6)
challenge/doubt extreme views; 7) think before acting; 8) avoid emotionalism;
9) keep open-minded; and 10) engage in active listening. Critical thinking is
reasonable and reflective thinking that focuses on deciding what to believe or do.
This definition is able to describe the essence of this term [30].

Surface-based performance appraisal (actual performance appraisal)
seems to be the best way to assess a person’s critical thinking disposition
[32]. When a person is assessed using performance-based assessments on the
surface, the assessment will focus on their performance and the things that
should be done in connection with that performance [31], including critical
thinking. Critical thinking is a skill and disposition of individual development
[33]. This dimension includes higher-order thinking which refers to critical,
logical, reflective, metacognitive, and creative patterns [34]. According to Norris
& Ennis [35], in measuring the level of critical thinking, some tests still contain
content that cannot truly describe the appropriate level of critical thinking. In
line with that, Ennis [36] explains that the term ‘critical thinking’is used only to
describe reasonable reasons used when doing or analysing something. However,
this definition has not explained the level of effectiveness of thinking and
metacognitive understanding through deliberate reflective assessment, thereby
increasing the possibility of drawing logical conclusions to solve a problem
[25]. In learning activities, critical thinking becomes very important because
it allows individuals to gain a more complex understanding of the information
they encounter and promotes good decision making and problem solving in real
world applications.

The critical thinking is a metacognitive process that, through deliberate
reflective judgment, increases the likelihood of generating a logical conclusion
for an argument or a solution to a problem [32]. Instruction in critical thinking
becomes very important because it allows individuals to gain a more complex
understanding of the information they encounter and promote good decision
making and problem solving in real world applications. Higher order thinking
skills (HOTS) assessment instrument consists of C4 (analysis), C5 (evaluation),
and C6 (creation) [37]. The research by Ennis [28], based on Bloom’s theory,
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states that there are aspects in critical thinking, namely: 1) having an open mind
and paying attention to alternatives; 2) have a desire to get good information; 3)
able to assess the credibility of sources; 4) able to identify conclusions, reasons,
and assumptions; 5) able to ask appropriate clarifying questions; 6) able to
assess the quality of the argument, including reasons, assumptions, evidence,
and level of support for conclusions; 7) able to develop and maintain a position
that makes sense well and does justice to the challenges; 8) able to formulate a
reasonable hypothesis; 9) able to plan and conduct experiments well; 10) able
to define terms according to context; 11) able to draw careful conclusions; and
12) able to integrate all items in the list. Accordingly, this study is purposely to
develop critical thinking indicators developed by Ennis for teachers in compiling
HOTS-based questions regarding to the empirical data obtained.

2. Teacher Professional Development/TPD

Teacher professional development refers to the development of teacher
content, pedagogy, and technology used for future development [35]. Likewise,
according to Soti [36], teacher professional development contributes to
overcoming problems caused by students’ poor outcomes and increasing
student engagement. Teacher professional development is provided during
the implementation of action plans reflecting on student evaluations [37]
as supported by a study conducted by Romero & Vasilopoulos [38] on the
professional development programmes in China. In addition, Gupta & Lee [39]
believe that professional development is intended to improve teacher knowledge
and student learning in order to systematically improve student achievement in
basic literacy. Meanwhile, according to Liew, Tan, & Ganapathy [40] higher-order
thinking skills (HOTS) use information and communication technology (ICT) in
teacher training to instill and develop critical thinking skills and professionalism.
This study purposely intends to prove that certification programmes for teacher
professional development programme in Indonesia possibly affect teachers’
ability to cultivate critical thinking and high order thinking skill.

3. Teacher Professional Knowledge/TPK

Previous research [41] found that mentors’ knowledge of practice-oriented
teaching emerged from their professional experience. Professional knowledge
for conceptualising knowledge is needed for teaching practice [21]. Therefore,
from a professional perspective, teachers are considered knowledgeable and
professional when they get certification about their abilities [42]. To encourage
teacher reflection on professional knowledge, Zanin-Yost & Freie mention the
need for proof-of-concept of graphic assessments/TPACK instruments [43]. This
study responds to research conducted by Tsang [44], who found a relationship
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between career goals and teaching experience mediated by the economic
environment. This is in accordance with Cooke’s research [48], which states
that development training can be useful feedback for the development and
improvement of lessons. This result is also the basis for this research to reveal
the relationship between professionalism, development, and teacher knowledge
through the practice of professional development (training) and teaching. Based
on this thought, the researcher developed indicators of teaching experience
developed by the researcher through length of teaching, participating in teacher
training.

4. HOTS literacy

Efforts to search or search for sources of information and literacy make
a person able to cultivate critical thinking skills [46]. This is in accordance
with Poétzsch’s opinion, who states that technology has a role that can be used
comprehensively to stimulate knowledge, competence, and constructive skills in
teaching and learning [47]. In addition, Cooke [48] mentions that literacy skills
can be grown from the habit of reading and searching for available information,
both manual and digital. This habit can then grow critical thinking skills [48].
Higher order thinking skills (HOTS) underlie various types of use of information
and communication technology (ICT) in learning activities [40]. This situation
then presents a challenge where teachers are asked to integrate ICT to promote
learning. Phenomena like these are the pioneers of the emergence of HOTS-
based learning [40]. In addition, the development of education and demands
from the government require teachers to adjust their mindset and abilities in
order to produce graduates (students) with high thinking abilities so that they
can face the demands of existing developments. The ability to think high makes
a person able to think critically about the object (learning) so that they can
develop themselves to the demands given [49].

The curriculum that is now often used is structured on the basis of
authentic assessment [23]. According to Jan Muller in designing the curriculum,
there are four arrangements that must be met or what is often referred to as
the “Authentic Assessment Toolbox”, namely: 1) standard goals and objectives
(which describe what learners should know and do); 2) authentic tasks (which
is administered and designed to assess a learner’s ability to apply knowledge
and skills driven by real-world challenge standards); 3) criteria for indicators
of good performance on assignments; and 4) rubric grading scales (which are
used to assess student performance). In addition, Jampel et al. [53] state that
in learning, evaluation is an activity to collect, process, and analyse data so that
it can function as a source of information and recommendations in decision
making. This opinion is supported by Chakraborty & Das [9], who state that an
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evaluation is necessary but the evaluation should be carried out by reducing the
limitations of closed questions so that they can actually be used as a measure of
learner ability. In Bloom’s taxonomy, it is stated that higher order thinking skills
can be measured [22] and evaluated [32] as well as analysed quantitatively and
qualitatively [35]. Accordingly, the researcher argues that evaluation techniques
can be used to measure critical and high-level thinking skills in learners.

This study aims to measure the evaluation of the suitability of learning
indicators and Bloom’s taxonomy indicators developed by teachers against
predetermined indicators. As explained by Tanujaya, Mumu, & Margono,
students with higher order thinking skills tend to be more successful in their
academic performance [3]. According to them, higher order thinking skills can
be seen from three things, namely: 1) critical thinking skills; 2) creative thinking
skills; and 3) systematic thinking skills [3]. This supports Zohar’s opinion,
which states that HOTS learning or the so-called teaching of higher order
thinking skills can be developed through Bloom’s taxonomy [2] through the
level of application, analysis, synthesis and evaluation activities in processing
information. Brookhart states that test questions and other assessments are for
analysing, reasoning, problem solving, and creative thinking [5]. This is because
in life, critical and high-level thinking skills are needed to ensure their success
in the future.

Methods

1. Population and Sample

This study is explanatory research, which aims to determine the
relationship among TPK (teacher professional knowledge), TPD (teacher
professional development), HL (HOTS literacy), and CT (critical thinking) during
HOTS teaching preparation. The population was economics teachers at junior
and senior high schools located in East Java, Indonesia. Sampling was taken
using sample random technique considering the voluntary participation of
the respondents to answer/respond the questionnaires. Questionnaires had
been distributed from January to April 2021 and successfully obtained 724
respondents.-

Based on the WarpPLS SEM requirement, sample should be provided
at least five times of the indicators used in the analyses [54]. As this study
used 9 indicators, the minimum sample to meet the standard for WarpPLS
SEM are 45 (9x5). From the data obtained, this study successfully involved 724
participants/respondents; thus, the number of samples used considers as more
than appropriate for the analysis.
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2. Data Collection Method

The instrument of this study is online-based questionnaires consisting
of several questions developed from 4 variable and 9 indicators (Table 1).
Questionnaires were distributed to economics teachers who were included in
the population set by the researcher through link spread in the social media.
The data obtained from the questionnaires were analysed using the Warp Partial
Least Square (WarpPLS) Structural Equation Model (SEM). This technique
was employed in order to predict the overall picture of models containing the
relationship of all factors as well as their collinear relation. The analyses consist
of measurement model and structural model approaches.

Table 1

Variable and Indicator

Variable

Indicator

Teacher professional knowledge/
TPK (X1)

. experience/teaching length (X1.1)
. experience/amount of attending training

(X1.2)

Teacher professional
development/ TPD (Y1)

. certification or non-certification (Y1.1)

HOTS literacy (Y2)

. news/source adoption capacity (Y2.1)
. suitability of questions with question

indicators (Y2.2)

Critical thinking in the
preparation of HOTS (Y3)

. basic classification (elementary
. giving reasons for a decision (the basic for
. further classification (advanced

. allegation and integration (supposition and

clarification) (Y3.1)
the decision) (Y3.2)

clarification) (Y3.3)

integration) (Y3.4)

3. Research Hypotheses

—_

. H1: teacher professional knowledge (TPK) is suspected to significantly

influence teacher professional development.

2. H2: teacher professional knowledge (TPK) is suspected to significantly
influence HOTS literacy (HL) in HOTS questions making.

3. H3: teacher professional knowledge (TPK) is suspected to significantly
influence critical thinking (CT) in HOTS questions making.

4. H4: HOTS literacy (HL) is suspected to significantly influence critical
thinking (CT) in HOTS questions making.

5. HS5: teacher professional development (TPD) is suspected to significantly
critical thinking (CT) in HOTS questions making.
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6. H6: teacher professional knowledge (TPK) is suspected to significantly
influence critical thinking (CT) in teacher professional development
(TPD) mediated by HOTS literacy (HL).

(Teacher Professional ) ( (Teacher Professional

Knowledge) | TPK L Development)/ TPD
Literacy Preparation of ( Critical Thinking
Questions - HOTs/ HL J L (Critical Thinking) - HOTS/CT

Fig. 1. Research framework

Results and Discussion

1. Results

This study was conducted among 724 teachers and economic olympiad
coaches, who accompanied their students to take part in the economic olympiad
in East Java and were willing to participate in this study by filling the online ques-
tionnaires. This study purposedly find out an empirical evidence of the hypoth-
eses through WarpPLS. According to the WarpPLS analysis, it is found out that:

1. H1 is accepted, meaning that teacher professional knowledge signif-
icantly influenced teacher professional development (TPK influ-
enced TPD) .

2. H2 is accepted, meaning that teacher professional knowledge signifi-
cantly influenced HOTS literacy in questions making (TPK influ-
enced HL).

3. H3 is accepted, meaning that teacher professional knowledge signifi-
cantly influenced critical thinking in HOTS questions making (TPK
influenced CT).

4. H4 is accepted, HOTS literacy significantly influenced critical thinking
in questions making (HL influenced CT) .

5. HS5 is rejected, meaning that teacher professional development did not
significantly influence critical thinking in HOTS questions making
(TPD did not influence CT).

6. H6 is accepted, meaning that teacher professional knowledge signifi-
cantly influenced critical thinking in HOTS questions making me-
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diated by teacher professional development and HOTS literacy in
questions making.

TPD
(F)li

TPK _
o R = 0.61

R=04
P < .01

(B2 P <.01 (R)4i
R? = 0.12 R? = 0.05

Fig. 2. Hypothesis model

Measurement model

Measurement model test is to test the discriminant validity and conver-
gent validity. Firstly, in discriminatory validity, it is to determine the degree to
which two similar concepts are conceptually different. In addition, an empirical
test is conducted to re-examine the relationship among measures. Although the
relationship based on a summation scale is similarly correlated, they were actu-
ally and conceptually different. From the discriminant validity test, the results
show that the summation scale is quite different from other similar concepts
[55]. Therefore, it indicates that the data used in the analyses were sufficient
and met the requirement set (Table 2).

Table 2

Discriminant validity
Variables X1 Y1 Y2 Y3
Teacher professional knowledge (X1) 0.847
Teacher professional development (Y1) 1.000
HOTS literacy (Y2) 0.871
Critical thinking in HOTS questions 0.833
making (Y3)
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Secondly, the convergent validity assesses the extent to which two
measures of the same concept are correlated. Here, researchers determine to find
out the alternative measures of a concept and correlate them with a summation
scale. The high correlation results indicate the intended concept measurement
scale and explain the standard used in the analysis [55]. According to Hair Jr.
et al., when the results of values are above 1.0 or below -1.0, they are declared
to meet a reasonable range and possibly serve as an important indicator of
problems in the model [5]. Based on the results of the convergent validity test,
all values measured in the study have met the appropriate range or passed the
convergent validity test (Table 3).

Table 3
Convergent validity
Variables Co?struct Standa::dised Cronbach’s AVE Coxfnp?s.ite
item loading alpha reliability

Teacher professional X1.1 0.847 0.608 0.847|0.836
knowledge X1.2 0.847
(X1)
Teacher professional Y1.1 1.000 1.000 0.871(1.000
development
(Y1)
HOTS literacy Y2.1 0.871 0.681 1.000|0.863
(Y2) Y2.2 0.871
Critical thinking Y3.1 0.829 0.814 0.80210.878
in HOTS questions Y3.2 0.833
making Y3.3 0.770
(Y3) Y3.4 0.774

Structural Model Test

The results of hypothesis testing to describe the empirical relationship be-
tween teacher professional knowledge (TPK), teacher professional development
(TPD), HOTS literacy (HL), and critical thinking (CT) in HOTS questions making.
From data analysis, firstly, it was found that there is a significant influence on
teacher professional knowledge to teacher professional development with a coef-
ficient of 0.607 and a value of p < 0.001. This result means that H1 is accepted
and indicates the increase of teacher professional knowledge after participat-
ing in teacher professional development programme (TPD). Secondly, there is a
significant influence on teacher professional knowledge (TPK) on HOTS literacy
in HOTS questions making proved by its coefficient of 0.342 and p-value of <
0.001. This result shows that H2 is accepted and implies that the higher teach-
er professional knowledge is, the higher the literacy in HOTS questions making
(HOTS literacy) becomes.
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Table 4
Hypothesis testing results (direct impact)
. Path .
Hypothesis . P-value | Information
coefficient
H1: teacher professional knowledge - 0.607 < 0.001 | Supported

teacher professional development

H2: Teacher professional knowledge > HOTS 0.342 < 0.001| Supported
literacy

H3: teacher professional knowledge - critical 0.072 0.025 Supported
thinking in HOTS questions making

H4: HOTS literacy - critical thinking in 0.195 < 0.001 | Supported
HOTS questions making

HS5: teacher professional development > 0.026 0.240 Not
critical thinking in HOTS questions making Supported

Thirdly, it is also shown that teacher professional knowledge has signifi-
cant effect on critical thinking in HOTS questions making proved by the coeffi-
cient value is higher than p-value (0.072 > 0.025) meaning that H3 is accepted.
This result indicates that teacher professional knowledge has significant and
positive effect on critical thinking in HOTS questions making. Fourthly, there is
a significant and positive relationship between HOTS literacy and critical think-
ing in questions making. This statement is proved by the analysis in which
shows that coefficient has higher value than p (0.195 > 0.001) meaning that H3
is accepted. These results imply that HOTS literacy in questions making posi-
tively affects critical thinking in HOTS questions making. However, there is an
evidence that teacher professional development did not significantly influence
critical thinking in HOTS questions making proved by coefficient of 0.026 and
p-value of 0.240. This result means that HS is rejected indicating that teacher
professional development did not significantly affect teachers’ critical thinking
especially in HOTS question making.

The teacher professional development and HOTS literacy can serve as
mediating variable for teacher professional knowledge and critical thinking in
HOTS questions making (Table 5). This is proved by the coefficient value higher
than its p-value (0.082 > 0.013). This result indicates that teacher professional
development and HOTS literacy were able to mediate teacher professional
knowledge to significantly influence critical thinking in HOTS question making
meaning that H6 is accepted.
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Table 5

Hypothesis testing results (indirect impact)

Hypothesis Mediating Path p-value |Information
variable coefficient
H6: teacher professional | teacher professional 0.082 0.013 | Supported
knowledge > critical development >
thinking in HOTs HOTS Literacy in
questions making questions making

2. Discussion

The Influence of Teacher Professional Knowledge on Teacher
Professional Development

The result did not support Hong, Lin & Jiar [18] who mention that teach-
ers’ experiences determine their ability. On the contrary, this study shows that
teachers, despite their less teaching duration, are better in preparing HOTS-
based teaching (especially making questions) than those who have longer teach-
ing experiences and own teacher certification (as proof for teacher professional
development programme). However, it cannot be denied that attending teacher
training as part of teacher professional development programme is able to im-
prove and develop teacher professional knowledge and experiences. Thus, this
can serve as a proof to strengthen evidence and reference for the appropriate
model in designing teacher professional development programme.

The Influence of Teacher Professional Knowledge on HOTS literacy

The result show that teacher professional knowledge significantly in-
fluenced HOTS literacy. This result proves that knowledge on teacher train-
ing is practice-oriented and emerges from the teacher professional experience
[44]. This statement means that teachers’ experience came from their teaching
duration (the length of teaching) and the numbers of training attended to in-
crease their HOTS literacy. Therefore, it is necessary to encourage training ac-
tivities to continue to improve HOTS literacy owned by teachers. The results of
this study also support the findings of Watson A., Miller T., Patty T. [48], who
stated that the teachers in training were very interested in the initial experi-
ence and that the feedback was beneficial to them in developing and improving
the learning process. Hence, it is possible for teachers to improve ones’ experi-
ences or skills by joining/attending training or other development programme.
Moreover, they possibly obtained various knowledge to equip themselves in
order to carry out better learning process or handle classroom activity through
HOTS literacy.
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Moreover, the result of this study proves that teacher professional knowl-
edge can lead to knowledge conceptualisation as this conceptualisation requires
the experiences coming from the teaching practices [21]. It turns out that based
on teaching experience and following training to build professional knowledge
and encourage to apply the HOTS literacy conceptualisation developed and
owned in teaching practice that teachers are considered from a professional
perspective from the lens of their knowledge and professional views, in-service
teachers are different from pre-service ones [45], especially those who pay atten-
tion to their specific themes.

The Influence of Teacher Professional Knowledge on Critical Thinking

From the results of this study, it was found that teacher professional
knowledge had a positive effect on critical thinking. This supports teachers, who
have had longer teaching experience, to attend trainings as well as in developing
critical thinking abilities, as stated by Tinto V., Angelo T. A., Gray P. J., about
teachers who must have enough experience to compile evaluation questions
that can foster critical thinking [17].

Teacher professional knowledge which is measured based on teaching
experience and participating in training is learning through real experience in the
field, so it is natural that the higher teacher professional knowledge can improve
critical thinking abilities. Baten mentions the importance in remembering and
understanding information obtained in order to improve one’s critical thinking
abilities as well as high order thinking skills [5].

The Effect of HOTS Literacy on Critical Thinking

Based on the results of data analysis, this study found that HOTS literacy
possessed by teachers had a positive effect on critical thinking. It is proved by
the value of p is less than its coefficient (0.001 < 0.195) (Table 4). In addition,
the results of data processing show that HOTS literacy has the most dominant
influence on the critical thinking ability of teachers compared to other variables
studied (Tables 4, 5). This indicates that to maximise critical thinking skills,
teachers need to apply the conceptualisation of HOTS literacy in their teaching
activities. These results support the statement of Buckley [30], which states that
performance-based assessment on the surface (actual performance appraisal)
is an appropriate form or way to assess critical thinking disposition. From
this opinion, several other studies have shown that through the application
of performance-based assessment, teachers as the assessed individuals can
focus on their performance as well as conceptualise HOT literacy in carrying out
teaching and learning activities.
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The Influence of Teacher Professional Development on Critical
Thinking

However, there is evidence that teacher professional development has no
effect on critical thinking. This indicates that a teacher, who has high teacher
professional development, does not guarantee that they will have good critical
thinking skills. The results of this study do not support the findings of Surjanti
J. et al. [16], who state that non-certified teachers have heavier responsibilities
with limited welfare, financial limitations and no social support. In this study,
the opposite was found, meaning that even with limited welfare, financial limita-
tions and limited social support for non-certified teachers or in this case being
declared to have low teacher professional development, they still have the oppor-
tunity to have good critical thinking skills.

Even based on the findings of Wai Kit et al. [43], who state that higher
order thinking skills (HOTS) can use information and communication technolo-
gy (ICT) which are possible to be owned by certified teachers with high teacher
professional development, it is not proven to be able to improve the ability of
teachers to grow critical thinking abilities.

Moderating Effect of Teacher Professional Development and HOTS
literacy

The results showed that teacher professional development and HOTS
literacy significantly moderated the relationship between teacher professional
knowledge and critical thinking. It is proved by the analysis in which p-value is
less than its coefficient (0.013 < 0.082) (Table 5). This result shows that teacher
professional development (TPD) and HOTS literacy (HL) play a significant
and positive role in moderating the relationship between teacher professional
knowledge (TPK) and critical thinking (CT). Although the teacher professional
knowledge did not directly show a significant increase in improving critical
thinking skills, but through teacher professional development (TPD) and HOTS
literacy (HL) as a moderator, teacher professional knowledge is provably capable
to improve critical thinking skills. Albeit no direct effect found in this study
referring to teacher professional development (through teacher certification) on
their critical thinking skills, this situation did not thwart the relationship model
of TPD, TPK, HL, and CT. This is because even without certification (a proof
for teacher professional development programme), teachers with professional
knowledge and HOTS literacy remain capable in developing and improving their
critical thinking skills.

This finding proves that teacher professional development (TPD) and HOTS
literacy (HL) can be used to improve teacher’s critical thinking skills. Teachers
with critical thinking skills, especially in HOTS questions making, can certainly be
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considered to achieve their professional function. This is similar to Masek & Yamin
[19], who agree that teachers as facilitators can mediate learning by encouraging
students’ meta-cognitive thinking in which leads to their ability to develop critical
thinking. In addition, Tanujaya, Mumu and Margono state that the teacher’s goal
is to print or educate students to have high and critical thinking skills [3].

In this study, it was found that teacher professional development (TPD)
and HOTS literacy (HL) play significant roles in which serve variables that me-
diate the improvement of teacher competence. In addition, the results of this
study indicate the importance of institutional support in improving and devel-
oping teacher competencies. This is because institutional supports can be a
pivotal factor in increasing teacher professional knowledge because they can
provide various opportunities, which are capable to improve teachers’ HOTS
literacy and critical thinking; thus, causing them (teachers) to develop their pro-
fessionalism (teacher professional development). This study found that the level
of teacher professional knowledge (TPK) certainly affects their level of critical
thinking. Supports for teacher professional development (TPD) and HOTS litera-
cy (HL) further improve teachers’ critical thinking skills. Nevertheless, this study
succeeded in explaining the role of teacher professional development and HOTS
literacy in providing a positive and significant impact on teacher professional
knowledge on critical thinking as mentioned in previous studies.

Conclusion

This study proves that out of six hypotheses made, five are proved to be
accepted, while one is rejected. In this study, the results show that teacher
professional knowledge supports teacher professional development, HOTS
literacy, and critical thinking. Yet, teacher professional development has not
been able to support critical thinking. In addition, HOTS literacy was able to
mediate the relationship between teacher professional knowledge and critical
thinking. Accordingly, these findings indicate the importance of improving and
developing teacher professionalism and HOTS literacy in order to foster critical
thinking in teachers.
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