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The 21st century demands mastery of various skills, and one of them is a higherorder thinking skill. Specialized instruments are required to measure these skills to
be aware of their level of achievement. This research is classified as development
research to create tools capable of measuring higher-order thinking skills of preservice biology teachers. The development procedure is consisting of four stages,
including instrument design, instrument trial, determination of validity, and
determination of reliability. The instrument developed consisted of 12 items, which
were then validated by experts. Trial stage involving 110 pre-service biology
teachers in the Biology Education Program of eleven March University. The tested
instrument is analysed to determine its validity and reliability. The results of the
construct validation show model classified as fit according to the indicator of each
instrument. The Results of the items analysis showed all items have an excellent
discriminating power index. Also, each piece also has a difficulty index that is
classified as a medium. Based on the results, the instrument developed has the
qualifications to measure the higher-order thinking skills (transfer of knowledge)
of pre-service biology teachers.
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INTRODUCTION
The object of the research most frequently used by many researchers is about 21 stcentury skills. Some characteristics of 21st-century skills are skillful in working
independently and in groups, having creative innovation, having the critical selection
and sorting of information, and having the necessary knowledge to be applied
throughout life (Afandi & Sajidan, 2017). The same thing is emphasized by P21
(Partnership For 21st Century Skills) (2012) that 21st-century skills are critical, creative,
communicative, and collaborative thinking skills, the abilities to solve problems, to
work together, to utilize information technology, to renew, to be aware of globalization,
be mindful of the environment and several other competencies. Therefore, all types and
levels of education must be able to encourage students to master 21 st-century skills
which are not only challenges and demands but also opportunities for those who can use
them.
Demands for mastering 21st-century skills will have an impact on the education and
learning system. Education and schools will gradually change their roles, considering
that several developed countries have moved from an industrial-based to an economic
information-based educational system, and even now based on information technology.
Such conditions require relevant parties, especially in the field of education to design
curriculum and educational objectives tailored to the development of science,
technology and information systems so that students are ready to face the various
challenges in the future (Kong et al., 2014; van Laar, van Deursen, van Dijk, & de Haan,
2017).
The higher education system with its faculties which produces pre-service teachers has a
greater responsibility than the others (Shuler, Winters, & West, 2013) because the
teacher becomes the main gate in conveying not only material information but also
science with the latest developments (Mazalah et al., 2016). Therefore, they must be
open to all kinds of changes and be able to adapt to the development of increasingly
advanced technology and information systems (García-Martín & García-Sánchez, 2017;
Uerz, Volman, & Kral, 2018; Utama, Sajidan, Nurkamto, & Wiranto, 2019). This
increasingly open and connected world causes science to be easily obtained from any
part of the world (Bilyalova, Salimova, & Zelenina, 2020). Sources of science that can
be obtained from anywhere require students to have the ability to access, use, and utilize
them. Likewise, universities must be able to facilitate and empower their human
resources, both students and educators, so that they can quickly adapt to the latest
developments in science and technology (Bilyalova et al., 2020; Jeffrey, Milne,
Suddaby, & Higgins, 2014).
These increasingly complex, global, and interrelated changes must be faced and
responded wisely by both students and universities. Competencies needed by the world
of work no longer refer to educational qualifications because competence is not always
directly proportional to educational qualifications (Oey-Gardiner et al., 2017). Higher
education has a vital role in this kind of change because it has a significant role in
creating college graduates. If higher education is unable to prepare for change, there will
be a mismatch between graduates and the needs of the world of work and society.
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One way for higher education to prepare graduates who are ready to face these changes
is to develop a higher education curriculum by the demands of the 21 st-century. HOTS
(transfer of knowledge) is the estuary of different types of skills. HOTS are part of 21stcentury skills that have many definitions (Saido, Siraj, & Nordin, 2015). However,
HOTS that can be inserted in the development of higher education curriculum as a
transfer of knowledge of the cognitive domain of analysis, evaluation, and creation of
the Bloom's taxonomy revised by Anderson (Masigno, 2014). Through a curriculum
based on HOTS (transfer of knowledge), higher education can prepare themselves for
change.
HOTS can be taught through various learning models and methods such as laboratory
practicum; (Liu, Wu, Wong, Lien, & Chao, 2017); flipped classroom and e-learning
(Lee, Lim, & Kim, 2017); collaborative discussion (Afandi & Sajidan, 2017); blended
learning (Fryer & Bovee, 2018); and mobile learning (Sung, Chang, & Liu, 2016).
Higher-order thinking is not new, but it is still rarely used in learning. According to
Heong et al., (2011), HOTS is one part of creative and critical thinking. Meanwhile,
Masigno (2014) conveyed that the concept of HOTS comes from the cognitive domain
of Bloom's taxonomy. Based on the results of the study on the cognitive area in Bloom's
taxonomy, there are six cognitive levels. The three fundamental skills include the
abilities to remember, understand and apply categorized as lower-order thinking (LOT)
and the next three levels that have been revised by (Anderson & Krathwohl, 2001)
include the abilities to analyze, evaluate and create categorized as higher-order thinking
(HOT).
Based on theoretical reviews and relevant studies, the research questions are formulated
as follows: (1) How is the result of the construct validity of the HOTS instrument
developed? (2) Does the HOTS assessment instrument consist of feasible items based on
the discriminating power and difficulty level?
The basic principle of developing the HOTS instrument as a transfer of knowledge in
learning is the learning achievement to be achieved referring to the highest cognitive
domains of Bloom's Taxonomy (analysis, evaluation, and creation). To assess HOTS, an
instrument that involves critical-thinking skills, problem-solving skills, and creativity are
needed so that the competency-based device related to learning is necessary (Yanto,
Subali, & Suyanto, 2019). The teacher must plan well and involve students in learning
activities that can encourage and develop HOTS. The instrument developed used
problems that require the use of knowledge and skills in new situations by providing a
descriptive statement (Prayitno, Suciati, & Titikusumawati, 2018).
Many experts have examined the importance of HOTS like Tan & Halili (2015),
confirming that HOTS is a part of 21st-century skills that is crucial for future
generations. They also compare HOTS and LOTS, the development of which requires
the same amount of time, cost, and mind. HOTS has an essential role in the problemsolving process (Moore & Rubbo, 2012). The study of Yee, Lai, Tee, & Mohamad
(2016) entitled "The Role of Higher-Order Thinking Skills in Green Skill Development"
proves that HOTS can create new competencies appropriate to industrial developments
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such as the revolution of industry 4.0. One of the characteristics of HOTS-based
instruments is that each student is encouraged to participate in making decisions about
various scientific problems, so they need to develop reasoning and logical abilities
based on scientific knowledge (Jeong, Kim, Chae, & Kim, 2014). Also, increasing
HOTS has a positive effect on learning practices (Yanto et al., 2019).
This research aims to develop an instrument that can measure the HOTS (transfer of
knowledge) pre-service biology teachers in the general biology course and to obtain the
characteristics of HOTS assessment that include the aspects of analysis, evaluation, and
creation.
CONTEXT AND REVIEW OF LITERATURE
Higher-Order Thinking Skills (Transfer of Knowledge)
HOTS, as a transfer of knowledge, refers to the revised Bloom's educational taxonomy.
Anderson & Krathwohl (2001) revised Bloom's taxonomy by creating a new educational
taxonomy structure that is the dimension of knowledge and cognitive processes. The
knowledge dimension consists of factual, conceptual, procedural, and metacognitive
knowledge. The aspects of cognitive processes include remembering, understanding,
applying, analyzing, evaluating, and creating.
Factual knowledge is the knowledge about several separate components that have their
characteristics, which are still in the form of pure information (Zohar & Cohen, 2016).
Factual knowledge consists of several specific and individual components or elements
(Nguyễn & Nguyễn, 2017), inversely proportional to conceptual knowledge. Conceptual
knowledge is more complex and organized compared to factual knowledge. The
examples of conceptual knowledge are classification and categories, principles and
generalizations, and model theories and structures (Anderson & Krathwohl, 2001).
Procedural knowledge is the knowledge about the stages of doing something (Piaget &
Kohler, 2014), such as skills and algorithms, techniques and methods, and determining
when to do something (Liu et al., 2017). Metacognitive knowledge is the knowledge
about self-awareness (Nguyễn & Nguyễn, 2017) including strategic knowledge and
knowledge of cognitive processes, including contextual and conditional knowledge and
self-knowledge (Anderson & Krathwohl, 2001).
The cognitive process dimension has six levels and several indicators based on Bloom's
taxonomy, revised by Anderson & Krathwohl (2001). The first level is remembering
(C1), taking knowledge from long-term memory. The indicators of remembering are
recognizing and recalling. The second level is understanding (C2), constructing meaning
from learning the material, including what is said, written, and drawn by the educator.
The indicators are interpreting, modeling, classifying, summarizing, concluding,
comparing, and explaining. The third level is applying (C3), applying or using a
procedure in certain circumstances. The indicators include executing and implementing.
The fourth level is analyzing (C4), dividing the material into several parts and
determining the relationship of each piece, between parts and the whole. The indicators
are differentiating, organizing, and attributing. The fifth level is evaluating (C5), making
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decisions based on standards or criteria such as checking and criticizing. The sixth level
is creating (C6), which combines several parts to form something new and original. The
indicators are formulating, planning, and producing.
In this study, HOTS as a transfer of knowledge is part of the highest levels of higherorder thinking skills in revised Bloom's cognitive taxonomy, which include analytical,
evaluation, and creative skills in cognitive processes. The instruments are arranged
based on the aspects, descriptions, and indicators of HOTS that are reconstructed and
used to organize the items. Table 1 below presents the constructs of HOTS.
Table 1
HOTS Construct
Aspect
Description
Analyzing - Detailing
Identifying the relevant elements of a subject matter
from the irrelevant and essential parts from the
unimportant.
- Structuring
Determining the systematic arrangement and structure
between elements to form subject matter units.
Evaluating - Assessing
Judging based on internal standards; the ability to
access accuracy in reporting facts based on
statements, documents, evidence, etc.
- Criticizing
Judging based on external standards; the ability to
compare work with the highest standards known in a
field.
Creating
- Making
Finding a new product from the formulation and
planning
- Detailing
Identifying the relevant elements of a subject matter
from the irrelevant and vital parts from the
unimportant.

Indicator
Detailing biology as a
science that studies life
conceptually.
Categorizing biology as a
science that studies life
conceptually.
Conceptually assessing the
nature of life

Critically the central theme
in biology conceptually.

Designing a concept map
of hypothetical science
processes metacognitively.
Making a concept map of
the relationships between
the main themes in biology
conceptually.

Biology is part of STEM (Science, Technology, Engineering, and Mathematics)
(Jackson, Koenig, & Smith, 2017; M. H. Wake, 2008). Biology should be empowered in
the 21st century in order to integrate with the latest technology. Biological empowerment
can be done through research, education and learning (Robinson et al., 2010). A general
biology course is a subject that is closely related to life materials in the neighborhood.
General biological material is very dense and wide so that in the delivery of many there
are missed material because the delivery of material is too short. As a result, students are
difficult to understand the material submitted both during the lecture and discussion
students.
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METHOD
General Background
This study used the development research designed to obtain a HOTS (transfer of
knowledge) measurement instrument product. These development steps refer to the
development stages including (1) designing test, (2) trial, (3) determining validity, and
(4) determining reliability. First, the HOTS test instrument was designed and then
validated by five experts, Dr. M. Masykuri, M.Si.; Dr. Baskoro Adi Prayitno, M.Pd.; Dr.
Sumarwati, M.Pd.; Dr. Nonoh Siti Aminah, M.Pd.; Puguh Karyanto, M.Si., Ph.D. The
content of all test items developed was validated by experts to meet the requirements of
relevance. The questions were arranged in the form of descriptions for all indicators.
Second, the items that had passed the content validation stage were tested on the
participants or samples. The items that had been through content validation have been
considered as meeting satisfactory quality content requirements. After going through the
content validity stage, the instrument was then tested to ensure that each item in the
instrument has validity and reliability according to the theory. Also, the things
developed have proportional discriminating power and difficulty levels. In this second
stage, the participants worked on a multiple-choice test of 12 items with four alternative
answer choices. The trial results were analyzed and evaluated with the item
discriminating power and difficulty level parameters. The analysis of the two parameters
is based on the subject/participant response data to the test items.
The third and fourth steps as the final steps in the development of the instrument are to
determine validity and reliability. From both tests, we can find out the magnitude after
the data from the trial results are analyzed. The test result data is analyzed through the
construct validity, the discriminating power of the item, and the difficulty level of the
item to determine the validity and reliability of the instrument.
Validity is the essential characteristic in a measurement that refers to the accuracy of the
test measurement function in question. Validating the test means to look for empirical
evidence that the measurement results from the test do provide accurate information
about the attributes being measured, without being tainted by irrelevant information
(Cresswell, 2014). Reliability is the consistency of the measurement which means that
the difference in scores obtained in the analysis indeed reflects the difference in the real
ability, not the gap caused by the measurement error (Azwar, 2016; Cresswell, 2014).
Sample/Participants/Group
The participants involved in this study consisted of five experts and 110 pre-service
biology teachers. Some of the experts involved are the expert's biological instrument and
material evaluation, who are registered as lecturers at state universities while the preservice biology teachers are those listed as first-semester students in the 2018/2019
academic year under the faculty of teacher training and education — all the participants,
including registered experts in state universities Central Java Province Indonesia.
Data Analysis
The data were obtained from the test scores of the trial results. The number of HOTS
items tested is 12, with a score of 1 (correct answer) and 0 (incorrect answer). Test

International Journal of Instruction, October 2020 ● Vol.13, No.4

839

Utama, Sajidan, Nurkamto & Wiranto

scores on the trial results were analyzed to determine the item's discriminating power,
item difficulty level, construct validity, and item reliability. The instruments were
arranged based on the outline of HOTS built based on the theory as in the following
Table 2.
Table 2
HOTS Outline
Aspect
Analyzing
Evaluating
Creating

Indicator
Detailing biology as a science that studies life conceptually.
Categorizing biology as a science that studies life conceptually.
Conceptually assessing the nature of life
Critically criticizing the central theme in biology conceptually.
Designing a concept map of hypothetical science processes
metacognitively.
Making a concept map of the relationships between the main
themes in biology conceptually.

Item Number
1, 2
3, 4
5, 6
7, 8
9, 10
11, 12

The item discrimination power can be done by calculating the correlation coefficient
between the distribution of item scores and the total score. The correlation coefficient is
a common variation between the scores of the two distributions that can be shown by the
magnitude and direction of the correlation because the scores of the items in the test are
dichotomous (there are only two kinds, namely 1 for the correct answer and 0 for the
incorrect answer). Meanwhile, the distribution of the test scores is an interval number
distribution. Then, the total item correlation coefficient can be calculated using the
point-biserial correlation formula (r-pbis) (Azwar, 2016).
The magnitude of the correlation coefficient (r-pbis) moves from -1.00 to +1.00. In the
item analysis, the discriminating power is usually considered good if the total item
correlation coefficient reaches 0.30 or more, while the negative correlation coefficient is
unacceptable (Azwar, 2016).
The item difficulty level is a parameter that describes how difficult it is for a group of
subjects tested to give the correct answer to an item. This difficulty level of the item can
be determined through the item difficulty index (p) (Azwar, 2016). In general, an index
p around 0.50 is considered the best because p = 0.50 will produce the greatest item
variance.
The two formulas above are for manually calculating item discriminating power and
difficulty level. There is a computer program that can count both at once. One of the
popular programs is ITEMAN 3.0. The magnitude of the correlation coefficient (r-pbis)
can be determined through the output in the Item Statistics - Point Biser column while
the item difficulty index (p) is shown in the Item Statistics - Prop column. Correct
(Azwar, 2016).
The construct validity proves whether the measurement results obtained through the test
items are highly correlated with the theoretical construct on which the test is
constructed. Does the score obtain to support the theoretical concepts desired by the
original measurement objectives (Azwar, 2016). The construct validity used in this study
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is factorial validity with the confirmatory factor analysis (CFA) procedure. Through
CFA, indicators that become the variables of the study can be directly measured.
Because this study has three latent variables, which are also indicators of HOTS, the
second-order CFA is used. To measure the value of each indicator, we can use the
LISREL 8.50 computer program. Indicator criteria can be known from the t-value and
standardized loading. The indicators are said to be valid if each indicator has t-value >
1.96 and a standardized loading value > 0.7 (Ghozali & Fuad, 2014) or standardized
loading > 0.3 (Budiyono, 2019).
Through the LISREL 8.50 program, it can also be seen the reliability of an indicator by
observing the squared multiple correlation (R2) value of the indicator (Ghozali & Fuad,
2014). The R2 value explains how much the proportion of indicator variance is
explained by latent variables. The indicators are said to have reliability if the R2 value >
0.7. Moreover, the reliability coefficient is still allowed with a minimum amount of 0.65.
The same thing can be done by ITEMAN 3.0 program, in which the reliability
coefficient of the instrument can be seen from the Alpha output magnitude (Budiyono,
2019).
FINDINGS
Content Validity of the HOTS Instrument
By the method described above, content validity is the initial validity of the instrument
development before proceeding to construct validity. The content validity was carried
out by five experts who assessed the suitability of the items developed with the cognitive
domains created. It aims to evaluate the construction of relevant items from the
instrument of the study produced. The results of content validity by experts are
displayed as the Aiken index of each item in Table 3 below.
Table 3
Aiken Index of HOTS Instrument
Item
1
2
3
4
5
6
7
8
9
10
11
12

Rater
1
1
1
1
1
1
1
0
1
1
1
1
1

2
1
1
1
1
1
0
1
1
1
1
1
0

3
1
1
1
1
1
1
1
0
1
1
1
1

4
1
1
1
1
1
1
1
1
1
1
0
1

5
1
1
1
0
1
1
1
1
1
1
1
1

Score

Remark

1
1
1
0.8
1
0.8
0.8
0.8
1
1
0.8
0.8

Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

Remark:
Score 1: If the item fits into the cognitive domain of the construct.
Score 0: If the item does not fit into the cognitive domain of the construct.
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Based on the results presented in Table 3, all items are valid. This is by the criteria
stated by Guilford (1956) that if the Aiken index is less than 0.4, then the validity is low,
and if more than 0.8, the validity is very high. The results of the content validity, in
general, showed that all items were feasible for use after revising several things
continued with trials. The inter-rater agreement (reliability) can be seen by calculating
the inter-rater reliability coefficient using the Kappa coefficient (κ). The calculation
results are presented in Table 4 below.
Table 4
Kappa (κ) Coefficient between Raters
Rater

1
2
3
4
5

Rater
1

2

3

4

0.64
0.75
0.75
0.75

0.64
0.64
0.64

0.75
0.75

0.75

5

Remark:
(κ) < 0.40: Not Good; 0.40 < (κ) < 0.70: Good; (κ) > 0.70: Very Good
Inter-rater reliability in Table 6 is an agreement between rater one and another. The
mean of Kappa coefficient (κ), which is 0.70 is included in both categories. The
reliability coefficient value of the HOTS test instrument obtained by the minimum
criteria used is 0.70 (Miller, Linn, & Gronlund, 2009). The reliability values mean that
the items in the instrument meet the reliability requirements.
Construct Validity of HOTS Instrument
The construct of HOTS theory was validated using the LISREL 8.50 application. Table
5 and Table 6 below are the results of the HOTS construct validation seen from the
standardized solution and t-values file.
Table 5
Confirmatory Factor Analysis (CFA) Model from 12 indicators
Aspect
Chi-Square
p-value
RMSEA

Index
55.06
0.225
0.037

Description
Fit Model
Fit Model
Fit Model

Based on Table 5 above, the model fits with the category of P-Value = 0.22 (P > 0.05,
which means not significant), RMSEA = 0.037 (Model fits if RMSEA <0.05) and Chivalue Square = 55.06. The CFA criterion means that the unidimensional aspect is met
and can be continued to perform item analysis.
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Table 6
Indicators and Standardized Loading Factors
Factor
Analyzing

Evaluating

Creative

Indicator
A1
A2
A3
A4
E1
E2
E3
E4
K1
K2
K3
K4

Standardized Loading Factor Value
0.71
0.77
0.75
0.68
0.81
0.68
0.74
0.71
0.81
0.78
0.67
0.65

Value of tobs
**
9.19
8.92
8.17
**
7.60
8.70
7.33
**
12.62
7.69
8.08

By looking at the values in Table 6, all indicators have a standard loading of more than
0.5 and all values of the observations more than 1.96. According to this data, it can be
concluded that all indicators have functioned well in supporting the construct validity
(Budiyono, 2019). It also means that the relationship between the hypothesized variables
is supported by empirical data, and all items meet the element of validity.
The test results prove that the six indicators developed are valid for the measurement of
HOTS constructs because the model is by empirical data based on the CFA
measurement model criteria. Thus, this measurement instrument can be said to have
fulfilled the unidimensional assumption so that it can proceed to the analysis stage of the
item discriminating power and difficulty level.
Item Discriminating Power
The results of the item analysis based on the discriminating power of the items showed
that the average discrimination index of all items is 0.54. This means that the items
developed have a good discriminating power category that can distinguish participants
with high and low cognitive abilities. Table 7 below describes the item discrimination
power index of 12 questions.
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Table 7
Item Discriminating Power Index
Item
1
2
3
4
5
6
7
8
9
10
11
12
Mean
SD

Point-biserial correlation (r-pbis)
0.58
0.68
0.66
0.50
0.44
0.56
0.39
0.53
0.66
0.54
0.54
0.43
0.54
0.09

Remark
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good
Good

Based on Table 7 above, all items have a good category of discriminating power index
with a mean of 0.54 and a standard deviation of 0.09. The highest discriminating power
index is in item number 2 of 0.68 while the lowest in item number 7 of 0.39.
Item Difficulty Level
In addition to the item discriminating power index, the HOTS instrument developed also
analyzed the difficulty level of the item. The following Table 8 shows the difficulty level
of all items.
Table 8
Item Difficulty Level
Item
1
2
3
4
5
6
7
8
9
10
11
12
Mean
SD

Item Difficulty Index ( )
0.51
0.32
0.33
0.52
0.49
0.51
0.50
0.46
0.26
0.34
0.29
0.45
0.42
0.09

Category
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

By Table 8 above, it is evident that all items have a medium difficulty level with a mean
of 0.42 and a standard deviation of 0.09. The item with the highest difficulty level is
item number 4 (0.52), while the lowest is number 9 (0.26).
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DISCUSSION
Higher-order thinking skills (transfer of knowledge) are a hot topic in the 21 st-century
era. Therefore, we need the right instrument to measure these skills. Based on the results
presented from the initial stages of the design to construct validation, several findings
require further discussion.
The initial stage of this study is to design the instrument to adjust to the construct of the
theory developed. HOTS as a transfer of knowledge refers to the high-order cognitive
domain of the revised Bloom’s Taxonomy, namely C4 analysis, C5 evaluation, and C6
creation. However, the researcher formulated his theory by simplifying the indicators
from each aspect of the cognitive domains. The symbols of each area are as follows:
analyzing has the signs of detailing and structuring; evaluating has the symbols of
assessing and criticizing, and creating has the indicators of making and describing. The
construct of the development of such theory needs to be validated to ensure that each
indicator is a component of the variables developed.
After going through the design stage, the HOTS (transfer of knowledge) instrument was
validated by the experts. The final results of the validation of the experts showed that the
assessment instrument had met the valid categories and was ready to be used in the data
collection trial. The assessment tool is based on reliable and relevant supporting
theories. The design of the HOTS instrument declared valid and appropriate to be used
to test the construct validity of the scientific reasoning test is determined with the
confirmatory factor analysis (CFA) method. The use of CFA is to check dimensionality
as a reference to verify the unidimensional assumptions of the measurement instrument.
At this stage, the analysis was carried out using the Lisrel version 8.5 program. Analysis
of the construct validity with CFA was carried out with the second-order confirmation
analysis. In this study, HOTS consist of three aspects, namely analysis, evaluation, and
creation, so it is necessary to test the suitability of HOTS models that are by empirical
data using CFA.
The test results on the CFA second-order measurement model with 12 items produce PValue = 0.22503 (P > 0.05) and RMSEA = 0.037 (RMSEA < 0.05). Based on the data,
it can be concluded that the model fits with empirical data. In other words, the
instrument that measures HOTS is designed to meet the construct validity. Also, all
indicators have a standard loading of more than 0.5, and all observed values more than
1.96. This proves that each item developed is valid for HOTS measurement.
A good instrument is the one that meets the aspects of validity and reliability. All items
that have been developed have met the validity aspect based on the above criteria. To
find out the reliability aspect, we can see the magnitude of the reliability coefficient at
the ITEMAN 3.0 program output with the Alpha technique (Budiyono, 2018). The
importance of Alpha is calculated at 0.784. This proves that the instrument developed
has a reliable category. The reliability coefficient is in the range of 0 and 1. If the
reliability coefficient gets greater (close to the value of 1), then the error variance gets
smaller, and the resulting score of the item is closer to the actual rating (Budiyono,
2019). Thus, it can be concluded that the HOTS instrument is valid and reliable.
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Because this measurement instrument has fulfilled unidimensional assumptions based on
construct validation, the analysis of discriminating power and the difficulty of the item
can be made. An item has an excellent discriminating power if the smart group answers
the item more correctly than the not talented group. The items are said to have an
extraordinary discriminating power if the selective power index is equal to or more than
0.30 (Budiyono, 2018). Based on the results of the analysis of ITEMAN 3.0, all items
have a suitable category of discriminating power index with a mean of 0.54 and a
standard deviation of 0.09. The highest discriminating power index is in item number 2
of 0.68 while the lowest in item number 7 of 0.39. It can be concluded that the HOTS
instrument developed has good discriminating power.
In addition to analyzing the item discriminating power, the difficulty level of the item is
also investigated. This was done to maintain the quality of the developed HOTS
instrument. The item difficulty level is a proportion of the number of participants who
correctly answered the question items of all test participants (Budiyono, 2018). The
difficulty index (P) allowed depends on the urgency and purpose of the instrument being
developed. Given this instrument for measuring HOTS, the interval used is 0.25 ≤ P ≤
0.75 (Budiyono, 2018). Based on the results of the analysis of the item difficulty level,
all items have a medium category of difficulty level with a mean of 0.42 and a standard
deviation of 0.09. The question with the highest difficulty level is item number 4 (0.52),
while the lowest is number 9 (0.26). All items do not have a difficulty index close to 0,
which means too tricky or close to 1, which means too easy.
CONCLUSIONS AND IMPLICATIONS
Based on the results of data analysis, it can be concluded that the HOTS instrument is
ready to be used as a measurement instrument of HOTS (transfer of knowledge) in the
biology lecture. The data of the validity test results by the validator on each item of the
measurement instrument indicate that all instrument items are eligible to be used as
measurement instruments. The results of construct validation, item discriminating power
analysis, and item difficulty level showed all elements of the HOTS instrument in
biology lecture are of proper quality criteria.
The results of this study can have implications for curriculum development in biology
lectures and are used as an assessment model that can facilitate lecturers as a basis for
improving expected learning outcomes. Therefore, lecturers must have the skills to
develop assessment instruments, and students or pre-service teachers must be trained to
have higher-order thinking skills in the learning process. Moreover, HOTS is part of
21st-century skills as a basis for dealing with the demands of life in the future.
Based on the findings of the characteristics of the instruments developed, it is
recommended that lecturers be able to train students through lectures involving
technology to develop higher-order thinking skills based on analytic, evaluative and
creative domains. Lecturers must get used early on to apply HOTS tests in biology
lectures that are still not optimal, so the HOTS of students as pre-service biology
teachers continue to develop in another course.
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