International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com

International Journal of Multidisciplinary
Research and Growth Evaluation.

Development of ethnoscience based test assessment instrument to measure chemical
literacy skill related to periodic table of elements material

Benny Yanuar Dwi Satrio **, Endang Susilaningsih 2, Woro Sumarni 3
YUniversitas Negeri Semarang Indonesia
ZUniversitas Negeri Semarang Indonesia
3 Universitas Negeri Semarang Indonesia

* Corresponding Author: Benny Yanuar Dwi Satrio

Article Info Abstract _ _ _
The background of this research is the lack of assessment instrument used to measure

chemical literacy skills and the low understanding of students towards the
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technique in this study starts from the analysis of validation data, empirical evidence
with Aiken's V and analysis of small-scale trials which include content validity tests,
construct validity, item validity, reliability, level of difficulty, and discrimination
using the Rasch Model. The results of this study, namely the expert validation analysis
obtained a total average score of 70/75 with a very valid category. Empirical evidence
with Aiken's V obtained an Aiken's V index value is 0.91 with a valid category. Small-
scale trials showed a construct validity result of 48.9% with a very good category, all
items were valid, the Cronbach Alpha value was 0.80 with a high category, the level
of difficulty of the questions was divided into 4 categories of difficulty, the person
separation value was at a score of 2.25 with a sufficient category and item separation
with a value of 2.09 with a sufficient category. The large-scale trial showed the results
of construct validity of 21.9% with a good category, all questions were declared valid,
the Cronbach Alpha value was 0.68 with a high category, the level of difficulty of the
questions was divided into 4 categories of difficulty, the person separation value was
at a score of 2.20 with a sufficient category and item separation with a value of 3.28
with a very good category, the profile of students' chemical literacy abilities in the
small and large-scale trials was highest in the attitude aspect with an average
percentage of 88.39% and 64.77% respectively. The responses of students in the large-
scale trial were in the fairly good category with an average score of 3.72/5. The
conclusion of this study is that the assessment instrument developed is declared
eligible based on the results of content validation analysis, empirical evidence and
small-scale trials.
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1. Introduction
Evaluation is a process or activity that is carried out systematically, continuously, and comprehensively with the aim of
controlling, ensuring, and determining the quality of various aspects of learning based on certain criteria and considerations.
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This process involves a number of techniques that must be
considered by educators, both teachers and lecturers.
Learning evaluation aims to assess the efficiency of the
ongoing learning process and evaluate the extent to which
previously designed learning objectives have been achieved
(Ellis, 2014 in Kurniawan, 2022) 31,

The implementation of the learning assessment process needs
to be equipped with adequate assessment instruments. Based
on Government Regulation No. 21 of 2022, article 5 states
that assessment instruments need to be developed by
considering the characteristics of student needs. Arikunto
(2019) [ states that an instrument is a set of tools that can be
used by researchers to collect data so that the work carried
out becomes easier and can obtain complete results as
material for data processing. Based on this statement, it can
be concluded that the existence of an instrument will facilitate
the assessment process to be able to obtain conclusions from
the learning process that has been carried out.

An instrument can be defined as a tool that meets academic
standards and is used to assess an object or collect
information related to a variable. Permendikbud No. 104 of
2014 states that an assessment instrument is a means used to
evaluate the learning achievements of students. An
instrument is also defined as a measuring tool that can be a
test or non-test to collect data. A test is a measuring tool
designed for the data collection process, which encourages
participants to give their best performance. Meanwhile, a
non-test instrument is a measuring tool that encourages
students to respond based on their own circumstances
honestly, by conveying their thoughts and feelings as they
are. (Widiastuti, 2022) '],

Chemical literacy is the ability to understand and use
chemical concepts in everyday life. This literacy concept not
only includes mastery of basic facts and theories in
chemistry, but also the ability to think critically and apply
chemical knowledge in contexts that are relevant to society
and the surrounding environment (Barke et al., 2020) 4,
Dewi et al. (2022) [ stated that chemical literacy is
important to teach to students because of the emphasis on the
importance of understanding chemical science concepts and
their application to solve problems related to chemical
science in everyday life. Efforts to improve chemical literacy
skills can be done by designing learning that is connected to
chemical science concepts. The relationship between learning
and chemical science concepts is expected to train students in
understanding the relationship between learning materials in
schools and applications in the real world so that they can
help them overcome challenges related to chemical science
issues.

The questions in the assessment instruments given to students
can be linked to the context of existing local wisdom.
Presentation of questions like this will encourage students to
be aware of the application of chemical material in the real
world, understand everyday phenomena scientifically, and
encourage interest in scientific issues and the surrounding
environment. This will also support the third and sixth points
of literacy skills initiated by the government, namely
regarding scientific literacy and cultural and citizenship
literacy. The relationship between the learning process and
local cultural potential is then known as learning with an
ethnoscience approach. Learning with an ethnoscience
approach is a learning process that links learning topics with
the environment and culture that exist around the local
community (Rahmawati & Atmojo, 2021) 181, Through this
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approach, students can learn contextually and utilize the
environment as a learning resource.

Kurniawan and Prabowo (2021) 21 define local wisdom as a
form of knowledge resulting from the long experience of the
community in interacting with the surrounding environment.
According to Mulyadi (2021) B9, the concept of local
wisdom not only includes knowledge or practical skills
possessed by a community, but also ethical values that can be
used as guidelines for acting and interacting with the
surrounding environment and fellow human beings. These
values are often holistic in nature that are able to connect
humans with nature and each other, thus encouraging the
creation of harmony in life together.

The results of the researcher's observations of high school
students, students still do not understand the application of
the material studied in the learning process at school. This is
also reinforced by the absence of a link between AKM
questions and ethnoscience aspects. The results of learning
observations conducted in three schools are also still limited
to theories written in books and teachers do not always
discuss their applications in everyday life. This shows that
students’ understanding is still limited to theory and has not
reached the stage of application in their daily lives, including
its relation to community activities that have been carried out
for generations as a form of local wisdom around them. The
results of the analysis of formative assessment questions on
the Periodic System of Elements material from the two
schools obtained results that there were no questions
containing aspects of chemical literacy. This shows that the
development of questions based on chemical literacy has not
received special attention from educators so that these
questions need to be developed.

Periodic System of Elements is one of the topics in the
chemistry subject studied by students in grade X semester 1.
This topic covers basic topics that need to be understood by
students because the application of this topic will continue to
be used by students in the next material. However, based on
observations made by researchers, it shows that there are still
students who do not fully understand the material. Research
by Ramadhan (2020) % obtained results that the level of
student understanding was in the very low category, namely
71.3% of students did not understand the concepts taught,
then 20.2% of students were identified as having
misconceptions and only 8.5% understood the concepts
taught.

The purpose of this study was to determine the efficiency and
effectiveness of ethnoscience-based test assessment
instruments to measure students' chemical literacy abilities
related to the material on the periodic system of elements.

2. Methods

This research is a Research and Development. The aim of this
study is to produce a product in the form of an ethnoscience-
based assessment instrument to measure chemical literacy
skills in the Periodic System of Elements (SPU) material.
This development research was carried out by following the
4D research procedure. According to Thiagarajan (1974) /4
this 4D procedure includes the stages of defining (Define),
planning (Design), developing (Develop), and disseminating
(Disseminate). The research subjects in this study were 73
grade X students at SMA Negeri 2 Ngawi. Data collection
techniques in this study included interviews, questionnaires,
and tests. The data collection instruments used were
interview sheets, validation sheets, ethnoscience-based
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chemistry test questions, assessment rubrics and student
response sheets. Data analysis carried out in this study
included validity tests, reliability, profiles of students'
chemical literacy abilities and student responses in large-
scale trials.

3. Results and Discussion

The feasibility analysis of the assessment instrument
developed was carried out through 3 analysis processes,
namely content validity analysis from the validator, empirical
evidence with Aiken's V and analysis of small-scale trial
results. The results of the content validation from the
validator obtained can be said to be very valid if they obtain
results of more than 64. Based on the results of the analysis
carried out, it can be seen that the results of the analysis of
the validation results of the assessment instrument developed
have been declared very valid with a score of 70/75 based on
the validator's assessment.

Determining the feasibility of the assessment instrument
developed is determining empirical evidence using Aiken's
V. The validation process was carried out by 5 people with 5
assessment categories, so the minimum Aiken's V index that
must be obtained is 0.80 to state that the instrument is
declared valid (Aiken, 1985) Il The results of the data
analysis obtained showed that all assessments per item and
overall carried out by the validator obtained an Aiken's V
index value of 0.91 so that it can be declared valid.

Analysis of the results of small-scale trials and large-scale
trials conducted included analysis of construct validity, item
validity, reliability, level of difficulty, and discrimination
power. The analysis process was carried out using the Rasch
Model with the Winstep application. The results of the raw
variance measured in the results of the small-scale trial
obtained a value of 48.9% with a very good category. This
shows that the data in the small-scale trial has a low level of
spread so that it reflects consistent and stable measurement
results. This low level of spread can occur because the
number of samples is smaller, allowing for more effective
control. The results of the raw variance measured in the large-
scale trial obtained a value of 21.9% with a good category.
This shows that there is a higher level of spread in the large-
scale trial compared to the small-scale trial. The difference in
the level of spread is due to the greater number of respondents
in the large-scale trial, thus providing more variation in the
data obtained. The greater number of respondents from this
large-scale trial will certainly also affect the heterogeneity of
the respondents themselves. However, the results obtained
are still in the good category so that the procedures and results
of large-scale trials still maintain the quality of the
measurements carried out using the instruments used. The
percentage results of the raw variance that cannot be
explained in small-scale trials and large-scale trials are 13.8%
and 7.0% respectively with sufficient and good categories.
These results indicate that the level of unexplained variability
in small-scale trials is still higher than in large-scale trials.
This shows that even though the environment in small-scale
trials tends to be more easily controlled with a smaller
number of respondents, several factors such as subjective bias
still affect the measurement results obtained.

The validity of the test items is determined based on the
requirements of MNSQ, ZSTD and Pt Mean Corr. The results
of the data analysis carried out showed that all questions were
categorized as valid in both small-scale and large-scale trials.
The results of this analysis are also in accordance with
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previous research conducted by Lukman et al. (2022) [6]
which produced a chemical literacy assessment instrument on
the colloidal system material and research by Rizki and
Yusmaita (2021) 521 which developed chemical literacy test
items on the chemical bonding material.

The results of the reliability estimation from small-scale and
large-scale trials can be seen from the Cronbach's Alpha
value obtained, which measures the reliability of the
assessment instrument developed. The higher the Cronbach's
Alpha value, the better the consistency between items in the
instrument developed. The Cronbach's Alpha values in the
small-scale and large-scale trials obtained were 0.80 and
0.68, respectively, with both being in the high category. The
Cronbach's Alpha value obtained in the small-scale trial
showed a very high level of reliability. This provides an
illustration if the items in the instrument have very good
consistency. The consistency of these items indicates that
external factors do not have a significant influence on the
results of small-scale trials. Supporting factors for the high
Cronbach's Alpha values obtained can be a smaller sample
size which provides a probability of response between
individuals with similar patterns and more controlled
environmental conditions to reduce variability.

The results of the Cronbach's Alpha value in large-scale trials
decreased compared to small-scale trials. This provides
information if the consistency between items decreased
slightly in large-scale trials. This decrease reflects an increase
in the heterogeneity of respondent responses which can be
caused by more varied sample characteristics. Another factor
that causes this is the difference in conditions in measurement
where respondents involved in large-scale trials are divided
into two classes with different trial times.

Reliability estimation also provides person reliability values
for small-scale trials and large-scale trials. The person
reliability values from small-scale trials and large-scale trials
get the same results, namely 0.66 with a sufficient category.
The value of person reliability shows the consistency of
respondents in answering the questions on the assessment
instrument developed. The results of the person reliability
values obtained indicate that the consistency of respondents
in answering the questions is quite good in small-scale trials
and large-scale trials. Most respondents gave consistent
answers during the trial process. Reliability estimation also
provides the results of item reliability values for small-scale
trials and large-scale trials. The value of person reliability
from small-scale trials and large-scale trials obtained results
of 0.63 with a sufficient category and 0.92 with a very good
category. These results indicate that the instrument developed
has sufficient consistency in small-scale trials and is very
good in large-scale trials. This may be because some items
may not work effectively in small-scale trials. The data
obtained in small-scale trials also tends to be less so that it is
less representative of the population and the variability
between items cannot be fully described.

The comparison between the Cronbach Alpha, person
reliability and item reliability values shows that the
developed instrument still needs to be adjusted to handle
greater heterogeneity in the respondent population involved.
The difference in values may reflect that there are items that
do not work consistently across respondents. Suggestions that
can be given to overcome this are a deeper evaluation to
analyze items that may contribute low to the reliability value.
Analysis of the level of difficulty of the questions in the
small-scale trial and the large-scale trial resulted in four
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levels of difficulty in the questions developed. The results of
the analysis of the level of difficulty of the questions in the
small-scale trial and the large-scale trial provided different
categories for several questions. The questions that have very
significant differences in categories include questions
number 1, 3, 5, 6, and 11 where in the small-scale trial they
have a very easy category but in the large-scale trial they have
a difficult category. Questions number 1, 3, 5 and 6 have the
same question indicators regarding periods and groups.
Question number 1 has a difficult category based on the
results of large-scale trials, possibly due to the lack of
information on the atomic number of the element being
discussed. This can be confusing for students in large-scale
trials where they are still in grade X. Questions number 3, 5,
and 6 ask students to analyze the electron configuration of an
element depicted in a periodic table that is bare or does not
provide information on the period and group of the element.
This also seems to be confusing for grade X students so that
it is necessary to write the period and group of the element in
question. Questions number 2, 10, 14, 17, 22, 25, and 29 have
an easy category in small-scale trials but a difficult category
in large-scale trials. Questions number 2, 17 and 25 still
discuss the period and group of elements whose atomic
numbers are not written. The difficulty of these questions
may be the same as question number 1 where there is no
information on the atomic numbers of the elements. Question
number 10 asks about the weaknesses of the arrangement of
atoms with the theory of the law of octaves. This question is
a memorization question where memorization questions are
usually a challenge for some students. Question number 14 is
a question on the analysis of corrosion experiment results.
This type of question will usually have a higher level of
difficulty if students have never conducted an experiment on
corrosion directly. The suggestion that can be given is that
there needs to be writing or an introduction to the question
regarding the corrosion process so that students can obtain
information about it if they have not conducted the
experiment directly. Questions number 22 and 29 are
questions whose answers can be analyzed from the discourse
provided. The results that the question item is stated as
difficult can mean that the written discourse may be unclear,
resulting in different interpretations.

The discriminatory power analysis carried out provides an
item separation value on the results of small-scale trials and
large-scale trials. This item separation value is used to
indicate the ability of an instrument to distinguish the level of
difficulty of an item. The higher the item separation value,
the better an instrument is at identifying differences in the
level of difficulty between items. The item separation value
in the small-scale trial scored 2.09 with a sufficient category.
This shows that the instrument used in the small-scale trial
has a fairly good ability to distinguish the level of difficulty
between items. However, the differences between the items
analyzed may not be fully depicted due to data limitations or
homogeneity of the samples involved. The results of item
separation in large-scale trials increased to 4.71 with a very
good category. This provides an illustration that the
instrument works better in large-scale trials to distinguish the
level of difficulty between items. This increase can be caused
by more diverse and representative data in large-scale trials.
The results obtained provide an illustration that the
instrument developed can be relied on for broader
measurements.

The results of the small-scale trial person statistic test showed
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that there were 3 students who got an MNSQ outfit score>1.5.
These students were students with numbers 01L, 02L, and
12L. The MNSQ outfit score indicates that the students in
question might answer easy questions incorrectly but answer
difficult questions correctly, which is an indication of lucky
guessing. Another thing that can be noted is that students with
number 12L who got a high MNSQ outfit score but normal
MNSQ infit, this indicates a problem in responding to certain
questions such as that students only guess on difficult
questions.

The results of the large-scale trial person statistic test showed
that there were 4 students who got an MNSQ outfit score>1.5.
These students were students with numbers 14L, 41L, 68L,
and 29P. The MNSQ outfit score indicates that the students
in question might answer easy questions incorrectly but
answer difficult questions correctly, which is an indication of
lucky guessing. If observed further with the MNSQ infit
value obtained, the four students obtained a high MNSQ
outfit value but a normal MNSQ infit, this indicates a
problem in the response to certain questions such as that
students only guess on difficult questions. The results
obtained from the analysis of student answers in small-scale
trials and large-scale trials are that there are still students who
gamble when answering questions. Students tend to answer
randomly on difficult questions. The number of students who
answered randomly in small-scale trials has a lower
percentage, which is only 5% of the total number of students
who took part in large-scale trials.

The profile of students' chemical literacy abilities gave
similar results in small-scale trials and large-scale trials. The
attitude aspect got the highest percentage in small-scale trials
and large-scale trials. This is understandable because the
essence of the attitude aspect is essentially about how
students respond to scientific issues. The essence of this
attitude aspect can be felt easier because students simply
position themselves to provide a response that is in
accordance with existing conditions.

The context aspect received the second highest percentage in
both small-scale and large-scale trials. This aspect is related
to issues at the personal, local, national and global levels
related to science and technology. The possible reason
underlying the high percentage of students' abilities in this
aspect is the relationship between the questions discussed and
the students' environment so that it is easier to understand the
intent of the questions asked.

The competency and scientific knowledge aspects are the two
aspects with the lowest percentages in both small-scale and
large-scale trials. These two aspects are indeed more
theoretical in nature. This presents its own difficulties for
students because the questions discussed are related to
scientific phenomena and understanding of scientific facts.
The students' responses in the large-scale trial can be seen if
the highest score is in the aspect of the appearance of the
letters used in the questions. This provides an illustration that
the language used in the developed instrument is easy to
understand and the numbers and chemical formulas written
are also clear. The lowest score in the large-scale trial was
obtained in the time aspect. This is also reinforced by several
inputs from students who stated that the time given was
limited with questions in the form of discourse where
students need to read and understand the existing reading.
The suggestion given in relation to this is that it is necessary
to make adjustments related to the time given to students to
complete the questions or reduce the number of questions
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given.

4. Conclusion
Based on the results of the research and discussion, it can be
concluded that:

1.

The ethnoscience-based assessment instrument to
measure chemical literacy skills in the material of the
periodic system of elements is declared feasible based on
the results of expert validation, empirical evidence and
small-scale trials. The results of expert validation
obtained a total average score of 70/75 with a very valid
category. Empirical evidence with Aiken's V obtained
showed that all assessment items carried out by the
validator obtained an Aiken's V index value of 0.91 so
that they can be declared valid. The results of the small-
scale trial obtained a raw variance value that can be
explained from the measurement of construct validity of
48.9% with a very good category. Analysis of the test
items on the results of the small-scale trial obtained
results if all questions were declared valid. The
reliability test on the results of the small-scale trial
obtained a Cronbach's Alpha value obtained at a score of
0.80 with a high category, person reliability got a score
of 0.66 with a sufficient category and item reliability got
a score of 0.63 with a sufficient category. The level of
difficulty of the questions based on the results of the
small-scale trial, namely there are 11 questions with the
very easy category, 9 questions with the easy category, 7
questions with the difficult category and 3 questions with
the very difficult category. The analysis of the
discriminatory power on the results of the small-scale
trial obtained a person separation (H) value of 2.25 with
a sufficient category and item separation (H) with a value
of 2.09 with a sufficient category.

The results of the large-scale trial analysis obtained a raw
variance value that can be explained from the
measurement of construct validity of 21.9% with a good
category. The analysis of the questions on the results of
the large-scale trial obtained results if all questions were
declared valid. The reliability test on the results of the
large-scale trial obtained a Cronbach's Alpha value
obtained at a score of 0.68 with a high category, person
reliability got a score of 0.66 with a sufficient category
and item reliability got a score of 0.93 with a very good
category. The level of difficulty of the questions based
on the results of the large-scale trial, namely there are 6
questions in the very easy category, 5 questions in the
easy category, 15 questions in the difficult category and
4 questions in the very difficult category. The analysis of
the discriminatory power of the results of the large-scale
trial obtained a person separation value of 2.20 with a
sufficient category and item separation with a value of
3.28 with a very good category.

The profile of students' chemical literacy abilities is
known based on the results of the small-scale trial and
the large-scale trial that have been conducted. Based on
the results obtained, it can be seen that the profile of
students' chemical literacy abilities in the small-scale
trial is highest in the attitude aspect with an average
percentage of 88.39%, followed by the context aspect
with an average percentage of 84.375%, the scientific
knowledge aspect of 81.25% and in the last order is the
competence aspect with an average percentage of
79.46%. In addition, based on the results obtained, it can

5.
The
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be seen that the profile of students' chemical literacy
abilities in the large-scale trial was highest in the attitude
aspect with an average percentage of 64.77%, followed
by the context aspect with an average percentage of
51.03%, the competency aspect of 48.14% and in the last
order is the scientific knowledge aspect with an average
percentage of 47.89%

The ethnoscience-based assessment instrument received
a fairly good response in the large-scale trial where all
aspects responded to by students had received an average
score of 3.72/5.
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