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Abstract: The development of test instruments to measure students' decision-making abilities is 

rarely used in learning. This research aims to develop a complex thinking test instrument for 

decision-making aspects of environmental change topics. This type of research is research and 

development (R&D) using a 4-D model modified to 3-D (definition, design, and development) 

and combined with test instrument development using six stages. Interviews, test instrument 

validation sheets, and tests were conducted during research data collection. The test instrument 

developed consisted of 12 descriptive questions and was tested on 363 high school students. Data 

analysis consisted of content validity, inter-rater reliability, and Rasch analysis. Before the test 

instrument was tested, it was validated by seven experts. The research results show that the 

content validity analysis developed is valid because of V-count =0.94 > (V-table =0.76). Interrater 

reliability analysis obtained a value of 0.806, categorized as good. Item validity (item fit) shows 

12 valid questions. The difficulty level of the questions (item measure) shows that three questions 

are challenging, three are complicated, four are easy, and two are straightforward. Reliability 

shows an excellent Cronbach's alpha value (0.89), a reasonable person reliability value (0.85), 

and an excellent item reliability value (0.98). Based on the analysis results, it can be concluded 

that the questions are declared valid and reliable.       
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▪ INTRODUCTION 

Test instrument development is an activity that involves creating and compiling 

measuring instruments that can be used to measure students' ability levels. Test 

instruments are tools used to collect data in research (Nasution, 2016) ;Elan et al., 2022)). 

With test instruments in research, data can be collected (Magdalena et al., 2021). Student 

learning outcomes are obtained from test instruments created to see their thinking 

abilities. 

Thinking is the act of retrieving knowledge that has been stored in memory to 

organize and summarize information. The ability to think is one of the abilities that needs 

to be developed to face the challenges of the 21st century (Mufidah & Wijaya, 2017).   

Therefore, the ability to think complexly or at a high level is essential for every student, 

both at school and in everyday life. Decision-making skills is one of the complex thinking 

abilities that need to be given and developed to students. Decision-making skills are a 

person's ability to think about and choose the best option from the many available options 

by considering the benefits and risks (Presseisen, 1985). The ability to make decisions in 

the learning process is due to the shift in the 21st-century learning paradigm (Sanjaya et 

al., 2019). 

Students' complex thinking abilities in decision-making can be trained by providing 

test instruments in the form of questions that encourage students to think complexly about 

their decision-making abilities. Designing good test instruments appropriate to the level 

of thinking ability can improve students' high-level thinking abilities (Afrita & 
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Rahmawati, 2020). Based on the results of interviews conducted by researchers with 

biology teachers at SMAN 3, SMAN 5, SMAN 9, and SMAN 11, it was found that no 

test instrument could measure complex thinking abilities, especially in the aspect of 

decision-making. In line with research conducted by Maulana & Rochintaniawati (2021), 

it is stated that the learning process used has not directed students to practice decision-

making skills, so that students' decision-making skills are not well developed. Teachers' 

test instruments still focus on Bloom's taxonomy with cognitive levels C2 (understanding) 

and C3 (applying). It makes students familiar with low-level thinking questions.  

The factor that causes students' thinking abilities to be still low is the lack of training 

of Indonesian children in completing tests or questions that are analytical, evaluation and 

creative (Akmala et al., 2019). The low thinking ability of students is also because many 

teachers still choose the lecture method as the primary way of teaching (Suratno et al., 

2020). Students' ability to think in complex decision-making aspects is still relatively low, 

as demonstrated by several students at Sidoarjo High School regarding difficulties in 

decision-making (Rahmasari et al., 2023). A decision-focused complex thinking test 

instrument for high school students is essential as it measures critical and analytical 

thinking abilities, which support students' life skills in dealing with educational, career, 

and social life choices. In addition, it helps teachers customize their learning methods 

according to students' needs and promotes character development by considering values, 

empathy, and responsibility. 

In this research, the questions created refer to indicators of complex thinking 

abilities in aspects of decision-making using Presseisen's taxonomy. Presseinsen's 

taxonomy is a taxonomy that discusses thinking skills consisting of four categories in the 

thinking process, namely, essential thinking processes, higher-level (complex) thinking 

processes, epistemic thinking processes, and metacognitive processes (Presseinsen, 

1985). (Presseisen, 1985) states that there are six relative indicators in decision-making: 

determining goals, identifying obstacles to achieving goals, identifying alternatives, 

analyzing alternatives, ranking alternatives, and creating the best alternative. Presseisen's 

taxonomy moves from more straightforward to more complex (Dietrich, 1988). There is 

previous research that has discussed various taxonomies of thinking, such as Marzano's 

taxonomy (Dewi et al., 2023), Bloom's taxonomy (Fikri et al., 2022). Stahl Murphy's 

taxonomy (Camila et al., 2023), and Anderson Kratwhol's taxonomy (Syahri & Ahyana, 

2021). This research continues using Presseisen's taxonomy, which focuses on basic and 

complex thinking abilities. 

Biology learning is a part of natural science. Biology learning is related to 

discovering and understanding nature systematically, which means not just mastering and 

gathering knowledge about facts, concepts, and principles (Harefa et al., 2022). 

Environmental change topics contain information about how the environment or nature 

can change over time. Environmental Change is a topic found in Phase E of class X SMA. 

In this topic, students are asked to participate actively in developing high-level thinking 

skills, especially in creating appropriate solutions to environmental problems. According 

to  Suranata et al., (2020), the topic of environmental Change can be used for activities 

that support the development of high-level thinking skills in students. This aligns with the 

learning outcomes in environmental change material in the independent curriculum, 

namely that students can create solutions related to environmental Change, including 

local, national, or global problems.  
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Based on the problems above, the researcher is interested in research to develop a 

test instrument for students' complex thinking ability aspects of decision-making with the 

title "Development of a Complex Thinking Test Instrument for Decision Making on Class 

X Environmental Change Topics." This research aims to develop a complex thinking test 

instrument for decision-making aspects of Environmental Change. Hopefully, this 

research can be a reference for teachers in compiling test instruments to measure and train 

students' complex thinking abilities and see students' decision-making abilities. This 

research can contribute to improving education worldwide and is relevant to the 

challenges of the 21st century. It can also help students deal with global issues such as 

environmental change and promote active learning that encourages analysis, creativity 

and evaluation, especially in developing countries.       

 

▪ METHOD 

The research method used is research and development (R&D). The development 
model in this research refers to the development of the 4-D model (Thiagarajan et al., 
1974). However, researchers only used three stages (3-D): the definition, design, and 
development. This is because research activities require in-depth analysis in order to 
produce a quality decision-making complex thinking test instrument, so that it can be 
widely used. The development of test instruments uses the stages of test instrument 
development proposed by Mardapi (2008) with nine stages, which researchers modified 
into six stages as follows: (1) compiling test specifications, (2) writing test questions, (3) 
reviewing test questions, (4) conducting tests try the test (5), analyze the question items, 
and (6) improve the test. 

The population of this study was all class X students of senior high schools in 
Pontianak City, which had a population of 3,946 students. Then, the number of 
representative student samples was calculated using the Slovin formula. According to 
Riyanto & Hatmawan (2020) , the Slovin formula can be formulated as follows: 

 

𝑛 =
𝑁

𝑁(𝑒)2 + 1
 

 
Information: 
n: Number of samples 
N: Total population 
E: Error rate in sampling (5%) 

After calculating, a sample of 363 students was obtained. This student will be given 
the test. Sampling was conducted using a cluster sampling technique, and schools were 
taken randomly through a lottery. The cluster sampling technique is the expansion of the 
area, which is divided into five sub-districts in Pontianak so that five schools are obtained 
from each sub-district: SMAN 3 South Pontianak, SMAN 9 East Pontianak, SMAN 5 
North Pontianak, SMAN 11 West Pontianak, and SMAN 8 Pontianak. The sample used 
can be seen in table 1. 

 
Tabel 1. Cluster sampling technique 

Cluster School Many Samples 

West Pontianak District State High School 11 Pontianak 73 

East Pontianak District State High School 9 Pontianak 72 
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Pontianak City District State High School 8 Pontianak 73 

North Pontianak District State High School 5 Pontianak 72 

South Pontianak District State High School 3 Pontianak 73 

Southeast Pontianak District - - 

Total of All Samples 363 

 
Data were collected through interviews, test instruments, and validation sheets. The 

data collection instruments are interview guide sheets, research instrument validation 
sheets, and complex thinking test sheets for aspects of decision-making. Interview guide 
sheet consisting of 12 questions. Research instrument validation sheet consisting of 3 
assessment aspects: material aspect, construction aspect, and language aspect. The 
complex thinking test sheet for aspects of decision-making is prepared based on decision-
making indicators which consist of 6 aspects: determine goals, identify obstacles to 
achieving goals, identify alternatives, analyze alternatives, rank alternatives, and choose 
the best alternative. Each indicator consists of two description questions, for a total of 12 
description questions. 

Data analysis consisted of content validity, inter-rater reliability, and Rasch 
analysis. The validation process was carried out by seven validators consisting of 2 
lecturers Biology Education, the Faculty of Teacher Training and Education, Tanjungpura 
University, and five high school biology teachers. The validation sheet uses a Likert scale, 
which consists of 4 categories of Likert scale according to Mardapi (2008), which can be 
seen in Table 2.  

 
Table 2. Likert scale 

Number Category Score 

1. Strongly Agree 4 

2. Agree 3 

3. Disagree 2 

4. Strongly Disagree 1 

 
The data obtained were analyzed using Aiken's V formula (1985). Content validity 

is considered valid if the value obtained is above the minimum value determined based 
on Aiken's V table. Based on the number of assessors to measure content validity, divided 
into four categories, the minimum standard Aiken index for this research is 0.76.  

Measurement of interrater reliability was analyzed through the intraclass correlation 
coefficient (ICC) using the SPSS version 29 application. The inter-rater reliability 
analysis results are in the ICC output, which shows the Average measure value. The 
following are the criteria for reliability levels based on categories referring to (Perinetti, 
2018), which can be seen in Table 3.  

 
Table 3. ICC statistical criteria 

ICC Value Interpretation 

<0.50 Bad 

0.51 – 0.75 Enough 

0.76 – 0.90 Good 

0.90 – 1.00 Excellent 
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The validity results obtained in the good category indicate that the instrument has 
been able to measure the extent of the truth to be measured. Meanwhile, the reliability 
results obtained in the good category indicate that the instrument has been able to measure 
the extent to which the results are consistent with the results being measured. After the 
test questions are completed, the items are evaluated to analyze the questions' suitability 
level and difficulty level of the questions to detect bias and reliability (Cronbach's alpha, 
person reliability, item reliability). This analysis process uses a Rasch modeling 
application called Winstep. One of the advantages of the RASCH model is that it can test 
the suitability of people and items simultaneously; can provide a linear scale with equal 
intervals; can detect imprecision in the model; can produce replicable measurements; and 
can provide more precise estimates (Hindrasti, Sabekti, & Sarkity, 2021). 
 

▪ RESULT AND DISSCUSSION 

The define stage consists of several analysis stages: front-end analysis, topic 

analysis, and learning objective analysis. Interviews with biology teachers at schools 

conducted a front-end analysis. The results of the interviews show that the teaching and 

learning process still faces several problems. There are three main problems: firstly, the 

learning process still depends on the teacher; secondly, students need test instruments that 

help them to think complexly, especially in decision-making; and thirdly, students need 

help when given questions that address higher-level thinking abilities. The test 

instruments used only measure lower-level thinking abilities from understanding to 

application while analyzing and creating, and they still need to be used in schools. In 

addition, there has been no development of test instruments that address complex thinking 

aspects of decision-making. 

Based on the interview results, the teacher suggested using the topic of 

environmental change. The reason is that this topic is directly related to the environmental 

conditions of students. Environmental change contains sub-topics: environmental change, 

pollution, global warming, environmental conservation, and waste recycling. Learning 

objectives are analyzed based on learning outcomes in phase E in the Merdeka 

Curriculum. The learning objectives used by teachers on the topic of environmental 

change are that students can identify facts about environmental changes occurring around 

them by presenting accurate data results, students can identify human activities that cause 

environmental changes, students can analyze causes and negative impacts. as well as 

environmental pollution efforts, students can analyze environmental conservation efforts 

with appropriate alternatives, and students can create solutions to overcome 

environmental problems. 

The design stage was carried out to design the test instrument being developed. This 

stage consists of compiling test specifications, writing test questions, and reviewing test 

questions. Test specifications contain a description that shows the overall characteristics 

that the test instrument must have. Preparing test specifications includes determining the 

test objectives, compiling a grid, determining the test's form, and determining the test's 

length. In terms of objectives, the test used was summative in this study. Summative tests 

are carried out after learning ends or after environmental change material is presented. In 

the process of preparing the test grid, it is arranged based on the learning objectives of 

the environmental change material. It refers to the Presseisen taxonomy of complex 

thinking abilities in aspects of decision-making. The test grid is presented in matrix form, 
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which contains components: learning objectives, aspects of decision-making ability, 

material/sub-material, question indicators, and question numbers. The test developed is a 

written test in the form of a non-objective description with 12 questions. According to 

Mardapi (2008) non-objective tests can measure levels of thinking from low to high, from 

memorization to evaluation. Students are given 90 minutes to work on the test questions. 

The test questions are written according to indicators of complex thinking aspects 

of decision-making. They are based on a grid of questions and topics related to 

environmental change that have been studied. Indicators in decision-making are 

determining goals, identifying alternatives, identifying obstacles to achieving goals, 

analyzing alternatives, ranking alternatives, and creating the best alternative. Each 

decision-making indicator consists of two questions, so there are 12 questions. 

Examining test questions consists of content validity and inter-rater reliability. The 

test questions were validated by seven validators: 2 biology education lecturers at FKIP 

Tanjungpura University and five biology teachers. The score criteria use a Likert scale 

(1-4). Furthermore, they are assessed for each item on the validation sheet. Content 

validation was calculated using Aiken's V formula. The questions that have been prepared 

are reviewed for content validity and inter-rater reliability. Content validation was 

calculated using Aiken's V formula. The results of the content validity analysis can be 

seen in Table 4. 

 

Table 4. Content validity analysis results 

Decision Making Indicator 
Question 

Number 
V Aiken Information 

Determining goals 1 0.89 Valid  

 7 0.95 Valid 

Identifying obstacles to achieving goals 2 0.91 Valid 

 3 0.94 Valid 

Identifying alternatives 4 0.92 Valid 

 5 0.94 Valid 

Analysing alternatives 6 0.94 Valid 

 10 0.93 Valid 

Ranking alternatives 8 0.96 Valid 

 9 0.92 Valid 

Creating the best alternatives 11 0.97 Valid 

 12 0.96 Valid 

Average   0.94 (Valid) 

Table V Aiken (α = 0.05)   0.76 (Valid) 

 

Based on Table 3, it is known that the total average validation for these three aspects 

is 0.94. These results show the value of Vcount > Vtable, namely 0.94 > 0.76, which 

shows that the test instrument developed is valid. 

Interrater reliability calculation by the SPPS version 29 application based on the 

interclass correlation coefficient (ICC). The inter-rater reliability analysis results are seen 

from the average measure value in the ICC table. The average measure value obtained 

was 0.806. Perinetti (2018) states that the results obtained are reliable. The results of the 

inter-rater reliability analysis can be seen in Figure 1.  
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Interclass Correlation Coefficient 
  

Intraclass 

Correlationb 

95% Confidance 

Interval 

F Test with True Value 

 Lower 

Bound 

Upper 

Bound 

Value df1 df2 Sig 

Single Measures .293a .086 .711 5.143 6 54 <.001 

Average Measures .806c .484 .961 5.143 6 54 <.001 

Figure 1. Interrater reliability results 

 

Validity and reliability tests are significant to ensure that the instruments used 

produce accurate and reliable results (Marthiani, 2024). After carrying out content 

validity and inter-rater reliability, improvements were made to the questions obtained 

from criticism and suggestions from the validator. After the test trials were carried out, 

the results of the test questions were analyzed using Rasch modeling, which aims to obtain 

information about the characteristics of the question items (Elviana, 2020). In this study, 

analysis was carried out to measure the questions' suitability, difficulty level, and 

reliability (Cronbach's alpha, person reliability, item reliability). 

Item validity of a test is the measuring accuracy of an item (which is an inseparable 

part of the test as a totality) in measuring what should be measured through that item 

(Susanty, 2016). According to Maulana et al. (2023), a question item is declared valid if 

it meets one of the three conditions for item fit criteria. Boone & Staver, (2020) stated 

that the outfit mean-square, outfit Z standard, and point measure correlation values are 

the criteria used to see the level of item fit. Outfit mean square (MNSQ) value accepted: 

0.5 < MNSQ < 1.5. Outfit Zstandard (ZSTD) value accepted: –2.0 < ZSTD < +2.0. Point 

Measure Correlation (Pt Measure Corr) value: 0.4 < Point Measure Corr < 0.85. The 

results of the item validity analysis can be seen in Figure 2. 

 

 
Figure 2. Results of question suitability analysis 
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Based on Figure 2, it is known that of the 12 questions, 12 questions (E is the 

question) were accepted: E1, E2, E3, E4, E5, E6, E7, E8, E9, E10, E11, E12. Bias 

detection analysis of the questions was also carried out to see whether the questions 

developed functioned well. Question items contain bias if the probability value of the 

item is below 5% (Kurniawan & Andriyani, 2018). Detection of biased items or 

differential item functioning (DIF) is an item in the test with a different function. A 

question item is said to contain bias if the probability value (PROB) of the question item 

is below 0.05 (5%) (Sumintono & Widhiarso, 2015). The bias question detection analysis 

results can be seen in Figure 3. 

 

 
Figure 3. Results of bias question detection 

 

Figure 3 shows that 12 questions have probability values above the average 

probability value, namely 5% (0.05). A question item's difficulty level is obtained from 

the student's ability to answer the question. The difficulty level of the questions provides 

information regarding the difficulty level in the categories straightforward, easy, difficult, 

and challenging. Grouping of test items was carried out using the standard deviation (SD) 

value and the average logit value. The standard deviation (SD) value is 0.61, and the 

average logit value is 0.00. Based on these values, the challenging category is > 0.61, the 

difficult category is > 0.00 to < 0.61, the easy category is > -0.61 to < 0.00, and the 

straightforward category is < -0.61. The results of the analysis of the questions' difficulty 

level can be seen in Figure 4. 

Based on Figure 4,, the analysis of the level of difficulty of the questions carried 

out on the 12 descriptive questions shows that three questions (E6, E10, E12) are in the 

challenging category with a percentage of 25%, three questions (E5, E8, E11) are in the 

category difficult with a percentage 25%, four questions (E1, E4, E7, E9) are in the easy 

category with a percentage 33.3%, and two questions (E2, E3) are in the straightforward 

category with a percentage 16, 7%. Based on these results, the question items still need 

consistency when viewed from the decision-making indicators. However, compare the 

question items with the categories (challenging, difficult, easy, and straightforward). It is  
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Figure 4. The result of the analysis of the questions difficulty level 

 

balanced. The question items contain all categories of question difficulty level, which 

means the questions are relatively straightforward. It is in line with (Arifin, 2017), 

(Ardhani, 2020), (Fatimah & Alfath, 2019) that a question is said to be good if it has a 

proportional level of difficulty, meaning that the question is not too easy or too difficult. 

Test instruments that have different difficulties can collect data on differences in students 

who have high, medium, and low levels of decision-making ability. 

Reliability can show that measurement results remain consistent if carried out twice 

or more on the same instrument, using the same measuring instrument (Sugiono et al., 

2020). Reliability is determined to see the instrument's consistency in measurement when 

used repeatedly (Octaviana et al., 2022). The reliability test in this research used Rasch 

model analysis with the Winsteps program through the Summary Statistics table, which 

shows Cronbach's alpha value, person reliability, and item reliability. The results of the 

reliability analysis can be seen in Figure 5.  

Based on Figure 5, it is known that Cronbach's alpha value is 0.89, which means 

that the interaction between person and item as a whole is in the excellent category. The 

value of person reliability is 0.85, and item reliability is 0.98. The consistency of the 

respondents' answers is excellent, and the quality of the items in the instrument is in the 

particular category. It shows that the reliability test results produce valid values. 

This research has several advantages, especially in applying comprehensive 

analysis methods to develop test instruments focusing on complex thinking skills, 

especially in decision-making. The resulting test instrument assesses basic skills and more 

complex thinking skills, such as creation, analysis, and evaluation. This research benefits 

the world of education, especially in making assessment tools that can measure students' 

complex thinking skills. The findings of this study can help teachers better understand 

learners' thinking skills, teachers can identify the strengths and weaknesses of individual 

students in the aspect of decision-making. If learners are still weak in making decisions 

then teachers can design learning activities that are able to turn off this decision making. 

Teachers can design learning activities such as setting goals, identifying problems, 

analyzing, and making conclusions, so that learners are familiar with learning that trains 

good decision-making skills. for example, with learning strategies that can facilitate  
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Figure 5. The results of the reliability analysis (summary statistik) 

 

training this skill. In addition, this test instrument can be used by teachers to determine 

the extent to which students are able to identify goals, analyze various options, and make 

appropriate decisions in complex situations. The limitations of this study include testing 

the instrument only on one material, namely environmental changes. In addition, the 

development stage only uses 3-D due to limited cost, time, and research resources. For 

future research, it is recommended that the developed instrument be tested on other 

materials or subjects and continue the research until the dissemination stage. Based on 

previous research conducted by Utami, et al (2023) on the analysis of decision-making 

skills on renewable energy material, the results of decision-making skills are still 

relatively low. Therefore, it is necessary to increase high-level thinking, especially in 

decision-making skills.  

 

▪ CONCLUSION 

Based on the research results, the test instrument developed was in the form of 12 

essay questions containing aspects of decision-making and environmental change topics. 

The test instrument is a summative test which is tested after the topic of environmental 

change is taught. The time to complete the test questions is 90 minutes or one and a half 

hours. Before the test questions were tested, a review was carried out; content validation 

analysis showed that the complex thinking test instrument for aspects of decision-making 

that was developed was valid because V-count =0.94 > (V-table =0.76). Interrater 

reliability analysis obtained a value of 0.806, included in the good category. Analysis of 

the difficulty level shows that three questions are challenging, three are difficult, four are 

easy, and two are straightforward. Reliability analysis also uses the Rasch model, which 
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shows a Cronbach's alpha value of 0.89, meaning that the interaction between the person 

and the items or questions is excellent. Furthermore, the person reliability value is 0.85, 

meaning the consistency of the students' answers is exemplary, and item reliability is 0.98, 

meaning the quality of the question items is special.    
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