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Abstract: Biodiversity is one of the subjects in Biology class X. Learning about the concept 
of biodiversity should be done by analyzing real natural phenomena, especially regarding 
biodiversity that exists in daily life. The government through the Regulation of the Minister 
of National Education Number 23 of 2006 has set competency standards for high school 
graduates that correlate with 21st century skills. One of the 21st century competencies is 
problem solving skills. A total of 26 questions have been developed in measuring Digital 
Problem Solving skills on biodiversity material for high school students. The questions 
were declared valid and reliable based on the results of analysis using the Rasch model 
through the Winsteps program in a polytomous manner, including the criteria of item 
validity, construct validity, and content validity, reliability, and DIF. As an implication 
from this study, the questions that have been developed in this study can be used to 
measure Digital Problem Solving skills in Biology lessons in high school, especially in the 
subject of biodiversity. 
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Introduction  
 

Biology is a study that involves cognitive or 
intellectual skills related to the use of thoughts, manual 
skills related to the use of material tools, measurement, 
preparation, and social skills related to the ability to 
interact (Nawawi et al., 2021; Limiansi et al., 2020). With 
these characteristics, learning Biology can also be said to 
be learning that has tentative and dynamic 
characteristics that require students to always be skilled 
in learning the material. So, it can be ascertained that 
Biology skills will be able to improve the skills of 
students. 

Biodiversity is one of the subjects in Biology class X. 
Biodiversity is a worldwide collection of biology, which 
took millions of years to develop. The diversity of life on 
earth, its biodiversity is commonly referred to as 
biodiversity. Encompassing plants, animals and 
microorganisms, the enormous genetic diversity within 
species, the various ecosystems of the planet, such as 
deserts, rainforests and coral reefs, are all part of a 
biologically diverse earth. Appropriate conservation 

and sustainable development strategy efforts as an effort 
to preserve biodiversity. Therefore, the decline in 
biodiversity is a concern for many reasons (Santika, et al, 
2018). 

Learning about the concept of biodiversity should 
be done by analyzing natural phenomena in real terms, 
especially regarding biodiversity in everyday life. 
However, in practice, most of the learning activities 
related to ecosystems and biodiversity are carried out 
using traditional and classical approaches (Anwar et al., 
2021). One of them is to provide examples that do not 
lead directly to the object being studied, or to provide 
examples that are less relevant to the object being 
studied. Meanwhile, in studying biology, the 
competencies that must be achieved are comprehensive 
competencies, namely the ability to analyze processes 
that occur in ecosystems and biodiversity. Competence 
that students should master is being able to 
communicate the results of applying the concept of 
ecosystems and biodiversity based on written 
observations (activity reports, posters, learning journals, 
and portfolios), students are able to analyze problems 
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and implement ecological problems and compile them 
in the form of scientific report descriptions. 

Today's technological devices have become an 
important part of every human activity. Technology that 
is widely used in the form of smart technology, in the 
form of smart phones, tablets, and other technologies 
that apply artificial intelligence (AI). In recent years, 
smart technology has emerged in education as a tool to 
make learning more efficient. The use of technology as a 
learning medium cannot be separated from assistance, 
so that the use of technology becomes more optimal and 
more useful for students when they are at school. There 
is a need to further clarify how students can learn 
through smart technology in a meaningful way in the 
educational process. Several studies show that the 
application of technology increases student engagement 
in learning (Wiyarsi et al., 2019; Goh & Sigala, 2020; 
Sjöberg & Brooks, 2022).  

Education in the 21st century aims to prepare 
human resources with knowledge, technology, and 
skills. 21st century education has a very important role 
in preparing the next generation, who are able to 
compete in the global world. The role of education in the 
21st century is important to prepare the next generation 
to have several skills including learning and innovation 
skills, skills in using technology, media and information, 
and being able to work. and survive through skills 
(Mulhayatiah et al., 2019). The government through the 
Regulation of the Minister of National Education 
Number 23 of 2006 has set competency standards for 
high school graduates which require someone to be able 
to develop and apply information and knowledge 
logically, creatively, innovatively, and be able to 
demonstrate logical thinking and decision-making 
skills. It is a standard that correlates with 21st century 
skills. One of the 21st century competencies is problem 
solving skill (Maemanah et al., 2019). 

In this study, a psychometric measuring instrument 
will be developed on digital problem-solving skills 
which includes 26 test items. Data were analyzed using 
statistical modeling of the Rasch polytomy model. The 
Rasch model was chosen because it will specifically 
describe every aspect of the feasibility of the test. The 
Rasch model is the best choice, because the Rasch model 
transforms the raw data into intervals (with measured 
distances between scores), so that the data can be 
processed statistically both averages, differences, and 
rankings (Boone & Noltemeyer, 2017; Mulyanti et al., 
2022; Saidi & Siew, 2019). 

 
Method  
 
Description of each item 

The questions developed were in the form of an 
essay test, consisting of 26 questions from 7 indicators. 
The following are indicators and question codes: 

a. Students can determine information on problems 
and responsively to plan the solutions = P1_1, P1_2, 
P1_3, P1_4, 

b. Students are able to deepen and formulate problems 
related to global issues and analyze the answers = 
P2_1, P2_2, P2_3, P2_4, P2_5, P2_6, P2_7. 

c. Students are able to assess and identify information 
from problems to find out the causes and determine 
the impacts that will occur = P3_1, P3_2, P3_3, P3_4, 
P3_5, P3_6. 

d. Students are able to observe, collect, and analyze 
valid information in answering problems = P4_1, 
P4_2, P4_3 

e. Students are able to conclude and find solutions to 
global problems = P5_1, P5_2 

f. Students are able to provide problem solving and 
assess the standards of correctness, effectiveness, and 
benefits of the solutions presented = P6_1, P6_2,  

g. Students can search, analyze, and identify 
information to combine reference materials to 
problem solving = P7_1, P7_2 

 
Participants 

As many as 41 respondents, high school students in 
the city of Bandung who have studied biodiversity 
material. 

 
Methods of analysis of the feasibility of the items 

The feasibility of the questions developed using the 
Rasch model analysis in the Winsteps program. 
Furthermore, the results of the analysis are 
interpreted in the form of the feasibility of the developed 
test instruments: 
a. Item validity, about the distribution of the level of 

difficulty of the questions evenly from the most 
difficult to the easiest for students. 

b. Construct validity, about the questions can measure 
variables very well and comprehensively measure 
the expected variables from the responses of research 
subjects, with the received raw variance value which 
is greater than 20% 

c. Content validity includes the Rasch model criteria for 
three criteria, there are Outfit MNSQ (<1.5), Outfit 
ZSTD (between -1.9 and +1.9), and PT Mean Corr 
(positive value)  (Boone, 2016). 

d. Instrument reliability. Reliability is the consistency of 
the instrument in measuring what should be 
measured. The reliability of an instrument is needed 
to determine the consistency of the instrument as its 
role in measuring the ability of the subject, in this case 
students. Reliability is carried out by analysis with 
the Rasch model through Item Reliability (Sumintono 
& Widhiarso, 2015), with the following criteria: <0.67 
: Weak 0.67-0.80 : Enough 0.8-0.90 : Good 0.91-0.94 : 
Very good >0.94 : Excellent 
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e. DIF (Differential Item Functioning Difficulty). Is an 
analysis with the Rasch model to show differences in 
the level of difficulty of questions based on student 
character. In this study, the character of students is 
the level of accessibility, with a value range of 1 to 10, 
which is labeled A for 1 and J for 10. 

 
Result and Discussion 
 
Eligibility of Items for Each Question Unit 
1) Construct Validity 

Each test item is expected to measure according to 
the indicators of the questions made, and not measure 
anything other than what has been set. In the 
measurement aspect, each attribute or question should 
have a constant construct, in relation to the ability to be 
measured from the measurement process carried out. 
The construct of each item item is expected to have 
unidimensionality or unity of dimensions according to 
the outcome of the measurement process. In the Rasch 
model the unidimensional construct is generated 
through the unidimensional value processed by Rasch 
(Figure 1).  

 

 
Figure 1. Unidimensional on 26 test items 

 
Figure 1 shows how the 26 item items measure 

students' digital problem-solving abilities. The criteria 
for construct validity according to the Rasch model 
include a raw variance value with a minimum score of 
20%, and an unexplained variance value with an ideal 
score below 10%, or no more than 15% (Laliyo 2021: 
p.59). In Figure 1, raw variances are obtained with a 
score of 57.6% and unexplained variance with a score of 
5.2%. Based on the analysis of the Rasch model, it is 
stated that 26 test items out of 7 indicators are 
constructively valid (Planinic et al., 2019). 

Unidimensional data shows that each question in 
the unit item can properly measure students' digital 
problem-solving skills, and does not measure other 
unexpected variables. A score of 57.6% indicates more 

than half of the items that accurately measure the Digital 
Problem Solving skills of students working on 26 test 
items. The unexplained variance value with a score of 
5.2% indicates that interference in the process of 
measuring students' digital problem-solving skills is not 
very significant (Maryati et al., 2019; Oon & Fan, 2017) .  

 
2) Content Validity 
 

 
Figure  2. Content Validity on 26 test item 

 
Proof of the eligibility of the test items from the 

Rasch model is content validity, namely the suitability of 
the test item analysis with the Rasch model criteria, 
including the mean square (MNSQ) and Z-standard 
(ZSTD) values. According to the Rasch model, the 
perfect MNSQ score is 1 and the ZSTD score is 0 (Bond 
& Fox, 2019). In this study, the MNSQ values were close 
to 1 (1 and 1.06) and the ZSTD was close to 0 (-0.1 and 
0.1). Based on these data it can be concluded that the test 
items that students work on are valid according to the 
Rasch model. The two values stated that there was no 
significant deviation from the results of the analysis on 
the 26 test items given to students (Aryadoust et al., 
2016; Widhiarso & Sumintono, 2016). 
 

 
Figure 3. Bubble Map MNSQ on 26 test items 
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Figure 3 is a visualization of the MNSQ, the balls for 

each item show that the item items are evenly centered 
on the t line with a value of 1. As with the Rasch model 
criteria, in terms of the content of the questions on the 26 
test items shows the feasibility of measuring each 
indicator of problem solving skills digitally students. 
The eligibility of each question on the 26 test items 
specifically is when used in measuring the digital 
problem solving skills of each student working on the 26 
test items. 

 
3) Reliability 

 

 
Figure 4. Reliability on research subjects on 26 test items 

 
Figure 4 shows the constancy of the test items when 

answered by the students, namely the internal 
consistency of the students' answers in the form of 
reliability. Reliability includes the research subjects and 
the test items given, for the subject or person the 
reliability is 0.93 and for the item 0.98. Both values 
indicate that the test items are consistently well 
answered by students (Adams et al., 2021; Mulyanti et 
al., 2022). The reliability value above of 0.9 indicates a 
special score, this states that the level of difficulty of the 
questions is in line with the abilities of each student who 
answers them. Reliability on the subject shows that 
students with high abilities can properly answer 
questions that are considered difficult by all research 
subjects, and vice versa questions that are considered 
very easy can only be answered by students who have 
low abilities. 

 
Figure 5. Differences in the level of difficulty of questions 

based on the accessibility of students while participating in 
learning 

 
The feasibility of the 26 test items has been shown 

by the results of the analysis with the Rasch model. The 
quality of each question item on the 26 test items is 
proven by the validity and reliability of the Rasch 
processed results. Validity includes the construct of each 
item, and the content measured from each item that has 
been worked on by students individually. Validity is 
about how the researcher expresses the feasibility 
quality of the instrument being developed, so one of the 
efforts as a reinforcement is by using the Rasch model 
analysis, as a modern statistical measure. Rasch shows 
how feasibility and reliability are internally when the 
items are worked out by research subjects.  

The validity and reliability that has been described 
shows that the item items from the 26 test items 
consistently show a pattern that fits the Rasch model. 
The appropriate pattern is the level of difficulty in line 
with the ability of students to answer them, which is 
indicated by the reliability of the person or students 
which is quite high, namely 0.93. The feasibility of each 
question item is also shown from the quite large value of 
the separation item of 6.29. This figure shows that each 
question item differentiates well based on the level of 
ability of students. So that there are no questions that are 
biased, that is, questions that are difficult can be 
answered easily by students who are less able, or vice 
versa, questions that are very easy cannot be answered 
by students who are the smartest among the research 
subjects. So it can be concluded that for each item there 
are 26 items that properly and adequately measure 
Digital Problem Solving skills through working on 26 
test items (Asriadi & Hadi, 2021; Oon & Fan, 2017). 
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Differences in the Effect of Accessibility Level on the Difficulty 
Level of Questions in Each Question Unit through DIF 
(Differential Item Functioning Difficulty) analysis 

Accessibility information based on surveys to 
students regarding the completeness that supports 
digital learning. Analysis with the Rasch model in this 
section is labeled A-J, based on survey results that 
support the accessibility of each student, with the value 
J being the maximum score of student accessibility while 
attending lectures. Analysis on the Rasch model was 
carried out by looking at whether there was a bias in 
each item based on the accessibility of students while 
participating in learning, namely the DIF (Differential 
Item Functioning Difficulty) score (Chan et al., 2020; 
Laliyo et al., 2020). The DIF graph shows whether there 
are differences in the level of difficulty of questions 
based on differences in the accessibility of students 
while participating in learning. Figure 5 shows a graph 
that is generally aligned with the level of difficulty at 
various levels of internet quality of students or the 
accessibility of students who have. 

In general, the differences in the accessibility of 
students did not give a difference in the level of 
difficulty for each item of the 26 items tested. The lowest 
accessibility is labeled D, and the highest is J. In some 
parts of the question item, you can see from Figure 5, it 
shows that the highest accessibility (J) questions are 
easier. There are two question items that are considered 
easier by students with high accessibility, namely the 
P2_1 and P4_1 tests. In P4_1 the questions cover the 
process of observing, collecting and analyzing data 
regarding the material "how to prevent and preserve 
endangered biodiversity in Indonesia", which is 
contained in the Wikipedia Online Encyclopedia, 
students can find valid information. Item number P2_1 
contains a task in the form of "observation of information 
that has been carried out in the form of images, tables, 
graphs, charts, and others obtained from videos, articles, 
and others, contained in the Wikipedia Online 
Encyclopedia application regarding: topics/issues that 
will be resolved, collect data in the form of concepts, 
principles or procedures that can support the resolution 
of problems that will be carried out on these problems " 

Based on the questions developed, it can be 
concluded that when students work on questions related 
to audio and visuals it is considered easier for students 
with the highest accessibility. As is known, the carrying 
capacity of audio and visual broadcasts in the digital 
world really requires the power of a qualified internet. 
In addition, a supporting device is also needed, such as 
a laptop or computer. Because if you only use a smart 
phone, the appearance of the image may not be very 
clear to students. This is in line with the skills that must 
be possessed which are based on information literacy, 
mastery of technology, information and communication 

as well as the ability to learn and work through digital 
social networks (Griffin et al., 2012). 

 
Conclusion  

 
A total of 26 questions have been developed in 

measuring Digital Problem Solving skills on biodiversity 
material for high school students. The questions were 
declared valid and reliable based on the results of 
analysis using the Rasch model through the Winsteps 
program in a polytomous manner, including the criteria 
of item validity, construct validity, and content validity, 
reliability, and DIF. Recommendations from this study, 
the questions that have been developed in this study can 
be used to measure Digital Problem Solving skills in 
Biology lessons in high school, especially in the subject 
of biodiversity. 
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