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Misconception is a problem that is often found in learning biology concepts.
Ecosystem concept is one of the biology concepts in which misconceptions
are found a lot. As a learning problem, misconceptions need to be addressed
as soon as possible. The purpose of this research is to produce a valid and
reliable diagnostic test instrument for misconceptions in the form of a three-
tier multiple choice test which is presented through Google Form platform.
This development research applied the research and development method
with a 4D development model. The developed diagnostic test instrument was
validated by two expert validators and obtained a mean score of 3.27 (very
feasible). Through the results of item validation, from 40 questions there are
30 valid items with an average correlation coefficient value of 0.67 and 10
invalid items with an average correlation coefficient value of 0.10. The
diagnostic test instrument was also tested for readability to students and got
an average value of 3.41 (very feasible) and was tested for readability to

teachers and got an average value of 3.74 (very feasible). This shows that the
developed product is very valid and reliable to be used as a diagnostic test
instrument for misconceptions.
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1. INTRODUCTION

Misconception is an understanding, idea, or view that is strongly attached and gives a different
meaning from the concept accepted by experts [1]-[8]. Misconceptions are problems in learning that are
important to be addressed immediately because they tend to form patterns of trust and are believed by
students because they are considered more logically connected [3], [5]-[15]. If it is not immediately
corrected with the right conception, misconceptions can become a bias and barrier for students in forming
advanced scientific concepts appropriately and can be integrated into their cognitive structures, also will last
until students mature and will be increasingly difficult to handle [3], [9], [14], [16]-[21].

Misconceptions that occur in students are often found in biology learning [6], [22]-[26]. The
concept of ecosystem is a biological concept in which the most misconceptions are found [7], [23], [27]. It
happened because there are many events, phenomena, experiences, or observations of the surrounding
environment that makes students learn concepts informally and form misconceptions [28]. Misconceptions in
biology learning are a challenge, because usually students and teachers are not aware of it [29], [30]. It
happened because in learning activities, misconceptions are rarely carried out [31]-[34]. To be able to deal
with misconceptions which are one of the learning difficulties [5], first teachers must have data related to
students’ misconceptions obtained through various measurement tools or diagnostic instruments.

Compared to other measuring instruments or diagnostic instruments, the misconception diagnostic
test instrument in the form of the three-tier multiple choice test is considered more valid and reliable in
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identifying students' misconceptions [35]. It is because of this test can distinguish misconceptions from lack
of knowledge with level of confidence item. This item allows students to express how sure the answers and
reasons have been given to certain questions [8], [15], [21], [35], [36].

Most of the misconceptions diagnostic tests that have been developed so far are found in paper and
pencil format [18], [21], [24]. The implementation of a diagnostic test in the form of a paper based test (PBT)
has drawbacks, it requires a lot of time and money in terms of presenting, analyzing, and generalizing
information about students' misconceptions [37]. These problems can be solved by using a diagnostic test
instrument that is integrated with information communication technologies (ICT). The use of digital
diagnostic test instruments can provide many advantages. It increases effectiveness and efficiency in
presenting, conducting diagnostics, and processing diagnostic results [38]. In addition, testing the use of
digital diagnostic instruments is also able to increase the efficiency of data use because the data can be
recorded and stored properly.

There are many platforms that can be accessed easily and free, one of which is Google Forms.
Google Forms is a free digital web-based assessment or evaluation platform. It has various features including
the “make a copy” and “import question” features that will facilitate the use of diagnostic test instruments
that will be developed to be used as evaluation instruments which also have a diagnostic function of
misconceptions [39]-[41]. Through this background, this research needs to be carried out with the aim of
being able to produce a product in the form of an EMD-Test which is a diagnostic test instrument for
misconceptions of the ecosystem concept in the form of a three-tier multiple choice test which is presented
using the Google Forms platform which is valid and reliable.

The novelty of this research is to produce an evaluation instrument that has been linked to material
content at a predetermined formal school level which also has a diagnostic function of misconceptions. The
developed EMD-Test diagnostic test instrument is considered to be more accurate and efficient in identifying
misconceptions because it is presented digitally via google forms and presented in the form of a three-tier test
with the number of options at each level that is adjusted to the misconceptions found in the literature [3], [8],
[18], [21], [26], [40], [42], [43]. In addition, the items at the second level are also equipped with options for
filling in other misconceptions that students have that have not been successfully revealed in the literature.

2. RESEARCH METHOD

The research and development model used as a reference for product development is a 4D model
consisting of define, design, develop, and disseminate [44], [45]. The subjects of product development testing
including item validity tests in this development research were 68 X1 grade (second-year) mathematics and
natural sciences students at SMAN “X” (senior high school) Jakarta, Indonesia who had studied the concept
of ecosystems. Consisting of 37 males and 31 females. Meanwhile, the subject of the product development
readability test was 69 XI grade mathematics and natural sciences students at SMAN “X” Jakarta consisting
of 37 males and 21 females, also 2 biology teachers at SMAN “X” Jakarta. There are several instruments
used to collect data in this development research. The techniques and instruments used for data collection can
be seen in Table 1.

Table 1. Data collection techniques and instruments

No  Stage Technique Instrument Target

1. Define The definition stage is carried out using a literature study technique.

2. Design The design stage is carried out using literature study techniques.

3. Develop EMD-Test product Questionnaire Biology
feasibility test education expert
Development testing EMD-Test product development (revised initial draft) Learners
Readability test of students ~ Questionnaire Learners
Teacher readability test Questionnaire Teacher

4. Disseminate  No data collection

The research procedure refers to the 4D research and development model which has four stages
referring to Khamid and Thiagarajan [45], [46]. The first stage is define. This stage consists of several
activities, such as front-end analysis, learner analysis, task analysis, concept analysis, and specifying
instructional objectives. Front-end analysis and learner analysis activities were carried out using literature
study techniques. Task analysis done by analyzing the results of the front-end analysis and learner analysis
results. Concept analysis activities are carried out by analyzing the main parts of the ecosystem subject
matter [46]-[48]. While the last step at the definition stage is carried out by compiling indicators of
competency achievement based on the results of concept analysis and curriculum analysis.
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The second stage is design. This stage consists of several activities, such as constituting criterion-
referenced tests, media selection, format selection, and initial design. This stage begins by searching for
information in the literature related to students’ misconceptions that usually occur in the ecosystem concept.
At this stage the format of the questions is determined, a grid of questions for 40 items, question texts,
answer keys, scoring guidelines and interpretation of the results are also made. In addition, media that can
display or present products effectively are also selected [45], [48].

The third stage is develop. This stage consists of several activities namely expert appraisal and
developmental testing. The expert assessment step is carried out referring to [49], by involving two lecturers
who are experts in the field of biology education who will be given a questionnaire. Developmental testing
activities are carried out after revisions are made based on suggestions for improvement from experts. This
step was carried out by testing the EMD-Test instrument product to students and teachers at SMAN “X”
Jakarta. The last stage is disseminate. The disseminate stage in this study was carried out by distributing the
final product in a limited way to biology teachers at SMAN “X” Jakarta.

Because in this study there are various kinds of data, as can be seen in Table 1, the data analysis was
carried out in stages according to the type of data. The results of expert appraisal, student readability tests,
and teacher readability tests were analyzed using quantitative analysis techniques with reference to the
interpretation table from [50], as can be seen in Table 2. The results of expert appraisal, student readability
tests, and teacher readability tests were analyzed with the help the Microsoft Excel application.

Item validity, reliability, and the level of difficulty of the EMD-Test instrument questions in this
study was analyzed from the results of the development testing by first giving a score to the students’
answers. The scoring of item validity, reliability, and level of difficulty of the EMD-Test instrument
questions is given as done in previous research [43], which can be seen in Table 3. In Table 3, the score is
given in each tier of the questions and coded as 1 or 0.

Table 2. Validity and readability test score interpretation [50]

Interval Criteria Information
3.25<x<4.00 Very valid Can be used without revision
2.50<x <3.25 Valid Can be used with minor revisions
1.75<x<2.50 Less valid Can be used with multiple revisions
1.00<x<1.75 Invalid Cannot be used yet and requires consultation

Table 3. Scoring captions for data analysis

Score Information

1 If students answer the first level item correctly, they will be given a code of 1, while
incorrectly they will be given a code of 0.

2 If students answer the first and second level items correctly, they will be given a code
of 1, while incorrectly they will be given a code of 0.

3 If students answer the first, second, and third level items correctly, they will be given
a code of 1, while incorrectly they will be given a code of 0.

Confidence level If students answer "sure" for the confidence level item, they will be given a code of 1,
item score while if they answer "not sure" they will be given a code of 0.

The validity of the items in this study was tested by calculating the biserial point correlation
coefficient. The validity of the items in this study was analyzed with the help of the Microsoft Excel
application. While the reliability in this study was determined using Kuder Richardson 20 and also with the
help of the Microsoft Excel application. The calculation of the difficulty level in this study uses (1) [51].

P= €y

Where, P is difficulty index, B is the number of students who answered the questions correctly on each
question item, and JS is number of test takers.

The results of the difficulty index are then interpreted as the quality of the questions per item by
looking at Table 4. According to the table, there are several qualities of questions namely hard, moderate, and
easy. These several qualities of questions were determined by looking at difficulty index interval in Table 4.
Students’ answers at the development testing stage were also interpreted into several categories of concept
understanding. Guidelines for interpreting students’ understanding of concepts can be seen in Table 5.
Students’ understanding was interpreted into six concept understanding category.
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Table 4. Difficulty index interpretation [52]

Difficulty index interval Quality of questions
0.00<P<0.30 Hard
0.30<P<0.70 Moderate
0.70<P<1.00 Easy

Table 5. Interpretation of student concept understanding [53]

Level 1 Resli)g\?sle 2ty pe Level 3 Concept understanding category

Correct Correct Sure Understand the concept

Correct Wrong Sure Misconceptions (false positives)

Wrong Correct Sure Misconceptions (false negatives)

Wrong Wrong Sure Misconception

Correct Correct Not sure Guess or understand the concept but lack confidence
Correct Wrong Not sure Lack of knowledge

Wrong Correct Not sure Lack of knowledge

Wrong Wrong Not sure Lack of knowledge

3. RESULTS AND DISCUSSION
3.1. Define
3.1.1. Front-end analysis

Through literature study, it can be seen that in biology concepts there are still many misconceptions
that occur in various biology concepts at all levels of formal education [6], [22]-[26]. This misconception can
be a problem because it can hinder the learning process of biology. This can happen because the concepts of
biology are closely related from one concept to another, and because they are closely related to the problems
faced in everyday life [19], [23], [54]. One of these biology concepts, in which the misconceptions are mostly
found is the ecosystem concept [7], [23], [27]. It can also be seen that one of the alternative solutions to
misconceptions can be started by carrying out the identification of misconceptions [5].

3.1.2. Learner analysis

Through a literature study, it can be seen that students can actively form their own understanding
through their observations of the surrounding environment, various phenomena, and the experiences they get
both through formal and informal education [28]. Understanding that is formed independently by students
usually contains many misconceptions that students tend to believe. It was proved by many studies that have
succeeded in revealing that in biology concepts there are many misconceptions that occur in students [4], [6],
[22]-[26], [28], [55]-[60].

Information was also obtained that students tend to have difficulties in memorizing and
understanding biological terms [61]. Meanwhile, in terms of doing tests, students often feel unsure of the
answers when working on questions. So as an alternative solution, the form of questions in the diagnostic test
instrument was developed that matched these characteristics, namely the misconception diagnostic test
instrument in the form of a three-tier multiple choice test [36].

3.1.3. Task analysis

Students’ misconceptions regarding the ecosystem concept are difficult for students to overcome.
Therefore, in overcoming students’ misconceptions regarding the ecosystem concept, appropriate teacher
instructional strategies are needed, namely those that focus on conceptual change. Through this step, it can be
concluded that as an initial effort, it is necessary to develop a valid and reliable diagnostic test instrument for
misconceptions.

3.1.4. Concept analysis and specifying instructional objectives

Through concept analysis, ecosystem concept studied at the X high school grade level written in
Regulation of the Minister of Education and Culture (Permendikbud) Number 37 of 2018 in Basic
competencies 3.10, namely analyzing the components of the ecosystem and the interactions between these
components are chosen to be associated with the products which about to develop. In this step the main parts
of the ecosystem subject matter are also analyzed. The analysis is carried out by analyzing the sub material of
the ecosystem subject matter where misconceptions are found. Through this step, information about subject
matter, basic competencies, sub concept, and indicators of competence achievement was obtained, as can be
seen in Table 6.
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Table 6. Results specifying instructional objectives

Component

Information

Subject matter
Basic
competencies
Sub concept

Indicators of
competence
achievement

Ecosystem

3.10 analyzing the components of the Ecosystem and the interactions between these components

Ecosystems and ecosystem components
Interaction between ecosystem components

Energy flow
Biogeochemical cycle

3.10.1 Explaining the meaning of ecosystem

3.10.2 Identify the components that make up the ecosystem

3.10.3 Identifying the types of interactions between biotic components in an ecosystem

3.10.4 Explain the mechanism of energy flow in an ecosystem and its relation to ecosystem balance
3.10.5 Analyzing the role of various ecosystem components in the biogeochemical cycle

3.10.6 Analyze the relationship of various processes that occur in the biogeochemical cycle with everyday life

3.2. Design

3.2.1. Constituting criterion-referenced tests

The test preparation activity begins with compiling an information table on misconceptions in the
Ecosystem sub-material. Misconceptions information is found from the literature and each misconception is
coded numerically so that the frequency of each misconception can be easily determined. The misconception
information table containing sub-materials, indicators of competency achievement, scientific concepts,
misconceptions of students’ ecosystem concepts found in the literature, as well as the numerical code of

misconceptions are presented in Table 7.

Table 7. Information on students” misconceptions on ecosystem concepts

Indicators of competence

Sub material - Misconception Code
achievement

Ecosystemsand  Explain the meaning of An ecosystem is not a system but only a collection of organisms [9], (M-10.1)

ecosystem ecosystem [62]

components Identifying the components Defines abiotic components as components contained in an (M-10.2)
of an ecosystem ecosystem that are inanimate objects [63]

Interaction Identify the types of Error in determining the type of interaction, between mutualistic ~ (M-10.3.a)

between interactions between biotic interactions and protocols [6]

ecosystem components in an ecosystem  Error in determining the type of interaction, between the interaction ~ (M-10.3.b)

components of parasitism and amensalism [6], [29]

Energy flow Explain the mechanism of Interpret food webs using the food chain concept [6], [29], [30], [62] (M-10.4.3)
energy flow in an ecosystem  Organisms cannot change their trophic level [62] (M-10.4.b)
and its relation to ecosystem  Populations that are higher up in the food chain are predators of all  (M-10.4.c)
balance populations below them [30], [62]

Decomposers are top-level consumers [9], [64] (M-10.4.d)
Population changes that are considered unimportant will not have an ~ (M-10.4.e)
effect on an ecosystem [9], [55], [62]

Changes in one population will only affect other populations if they ~ (M-10.4.f)
have a direct relationship as predator and prey [30], [62], [65]

Changes in the size of the prey population have no effect on the (M-10.4.g)
predator population, and vice versa [30], [65]

Changes in size that occur in one population in a food web will occur ~ (M-10.4.h)
in all other populations in the food web in the same way [9], [30]

An ecosystem can be said to be balanced if it has a dominant number ~ (M-10.4.i)
of producers compared to other consumers [55]

Organisms that located higher up in a food chain obtain more energy ~ (M-10.4.h)
than organisms that are located lower down [6], [62], [64], [66]

Biogeochemical ~ Analyzing the role of Water only evaporates from seas and lakes [67] (M-10.5.a)

cycle various ecosystem The material cycle is a series of linear processes that have a starting  (M-10.5.b)
components in and ending point [68], [69]
biogeochemical cycles Students' knowledge of the material cycle is limited to systems that ~ (M-10.5.c)

include non-living components [70]
Analyzing the relationship Students are not aware of other factors that can affect the continuity ~ (M-10.6.a)
of various processes that of the water cycle [68], [71], [72]
occur in the biogeochemical ~ Drops of water that are outside the cold water container are water  (M-10.6.b)
cycle with everyday life that seeps through the container [67], [71], [72]

Errors in identifying the source of carbon dioxide in the air, namely ~ (M-10.6.c)

carbon dioxide in the atmosphere only comes from the use of fossil
fuels [64], [73]
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The format of the question items to be developed at the first level which contain simple multiple
choice questions with 2-4 options [74]-[76]; The second level questions will contain questions about the
reasons for the answers to the first level and provide 3-5 reasons options with the last reason option in the
form of the other reason or blanks. The blank option is expected to reveal students’ misconceptions that have
not been found in the literature [15]. While the third level questions will contain items that aim to reveal the
level of students’ confidence in the answers, they have given at the first and second levels. At this level, two
options are presented, namely “sure” and “not sure”. The selection of the “sure” and “not sure” options on the
third level question is based on considerations of efficiency in implementing the instrument and interpreting
the results, because if the confidence item is presented with an option scale of 0 to 5 for the diagnostic
function of misconceptions, the scale still have to be changed to a category “sure” and “not sure”. This
happened because the final results that needed from the misconception diagnostic instrument are only the
belief categories in the form of “sure” and “not sure” [4], [34]. After the item format is determined, the grid
for the 40 question items, the question text, answer keys, and scoring guidelines are compiled. Examples of
items developed are presented in Table 8.

Table 8. Example of EMD-Test items

Sub Cor_npetency Problem . Answer . .
achievement -~ Question Misconception
concept P indicator key
indicators
Energy 3.10.4 Explainthe  Presented with Look at the following picture! 1)D (M-10.4.c)
flow mechanism of a food chain 2)A Populations that

energy flow in an diagram, .1 2 2 AQ 2 3)A are higher up in
ecosystem and its  students can & 5 &. S ”‘ the food chain
relation to accurately g ' / 4 " are predators of
ecosystem balance  determine Plants Butterfly ~ Dragonfly ~ Insectivorous  Eagle all populations
which bird below [30], [62]
organisms are

the prey of top-
level predators

1) In the food chain, the eagle is the top-level
consumer. Eagles can be said to be top-level
consumers because they can prey on organisms
found in number...

a. 1,234
bh. 2,3,4
c. 3and 4
d. 4

2) Which of the following choices is the reason
for the answer given earlier?

a. Because each organism has a specific type
of predator and prey

b. Due toits role as a top-level consumer that
can eat all the organisms below it

c. Other reasons: ...

3) Are you sure of the answers and reasons you
have given?
a. Sure
b. Not sure

3.2.2. Media selection and format selection

This step is carried out by adjusting the product that about to develop, materials, user characteristics,
and media that can effectively present the product. Google Form was chosen as a media that will present the
EMD-Test because its use can increase efficiency in terms of cost, time, presentation, use, and storage of test
data [39], [77]. Meanwhile, the format selection step in this research step is carried out by determining the
form of product presentation that will be developed by designing how the product will be displayed. The
product in this case will be displayed with the header, form title, work instructions, question identity, student
identity and questions.

3.2.3. Initial design

The initial design step in this study was carried out by putting questions into Google Forms
according to a predetermined display plan. The initial design of the EMD-Test development product can be
seen in Figure 1. Figure 1(a) presented the header design and Figure 1(b) presents header display on Google
Form. Furthermore, Figure 2 shows the display of questions in Google Form.

The development of ecosystem misconception diagnostic test (Rizhal Hendi Ristanto)
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Ecosystem Miconception Diagnostic
At Mhats n AR oty Test (EMD-Test)

(@ ) (b)

Figure 1. Header display of (a) EMD-Test question header and (b) inserted headers into Google Forms

No. 2 No. 10

2. Look at the following picture! 10, Look at the following picture!

! ‘M S
' N -
2 ‘&
[ Dp—_ 10a. In the food chain, the
the top consumer.
shorturLau/b 1o be top-level
consumers because they can
prey on organisms found In
number
2a. Does the picture show an  * 1 poir
?
ecosystem O ar234
(Q a.Theimage is an ecosystem QO b234
(O b.Theimage is not an ecosystem QO c.3dana
O d4a
2b. Which of the following
choices is the reason for the
10b. Which of the following
answer given earlier?
cholces Is the reason for the
swer given earller?
o° Because it contains a group of Snaeer givan earlier
organisms
o 8, Because each organism has o
0 b. Because it contains biotic and specific type of predator and prey
abiotic components
b. Due o its role as a top-level
O¢ Because its components can (© consumer that can prey on all the
interact organisms below it
Q other QO Other
2c. Are you sure about the  * 10c. Are you sure about the ~ *
answers and reasons you answers and reasons you
have given? have given?
Q a.sue O a.sure
QO b.Notsure O b. Not Sure

Figure 2. Display of questions that have been entered into Google Forms

3.3. Develop
3.3.1. Expert appraisal

The initial design product was then validated by two experts in the field of biology education with
the aim of being able to produce practical and effective development products to overcome the problems that
have been identified [45], [48]. At this stage, three aspects of the instrument are assessed, such as the material
aspect, the construction aspect, and the language aspect. The average score for the material aspect is 3.33 and
is in the very feasible category, for the construction aspect it is 3.36 and is in the very feasible category, and
for the language aspect it is 3.12 and is in the proper category [78]. Overall, the results of the feasibility test
of the EMD-Test product from the validator showed an average quality value of 3.27 which indicates that the
developed EMD-Test is in the very feasible category and can be used without needing to be revised. Through
these results, it can be seen that the EMD-Test product has been developed well because it is in accordance
with the concept indicators or misconceptions propositions and can measure students' conceptual
understanding well [2]. However, from these results it can also be seen that in terms of language aspects, the
EMD-Test product still needs to be improved. This is evident from the results of the validator's suggestions
which are related to the language aspect as can be seen in Table 9.
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Table 9. Suggestions of validators on EMD-Test products

Suggestion Suggestion code

Consider changing item number 1, because the pictures presented can give rise to different opinions. SR1
Change the option in second part questions (b) because it’s using the conjunction word [79] SR2
In question number 6, the term protocooperation is too pushy to answer, look for another term from SR3
protocooperation.

The type of question number 13 is replaced slightly differently from number 12. SR4
The type of question number 14 is changed to be different from numbers 12 and 13. SR5
The answer choice options are attempted to be formulated with almost the same length. SR6
The word “which” cannot be at the beginning of a sentence [79] SR7
Change the formal form greeting word in the question part (b) and in the instructions, replace it with SR8
the more informal greeting word [80]

Add questions with cognitive level C6 and questions that present data to be analyzed. SR9

3.3.2. Developmental testing

Through this activity, student test scores obtained with an average value of 53.90 which indicates
that students’ understanding of the ecosystem concept is still low. This is consistent with the science learning
outcomes tested on TIMSS which showed that Indonesia was ranked 41st out of 43 countries for science
learning outcomes [58]. Based on the results of this step, it also can be seen that of the 40 questions tested
there are 30 valid questions and 10 invalid questions with the average biserial point correlation coefficient for
30 valid items of 0.67 and 10 invalid items of 0.10. Valid and invalid items can be seen in Table 10.

Table 10. Valid and invalid question items

No. question points Number of items Average of 1, Information
1,2,3,5/6,7,8,9, 11, 14, 15, 16, 17, 18, 19, 20, 22, 30 items 0.67 Valid
23, 25, 26, 27, 28, 29, 30, 31, 32, 35, 36, 37, 38, 40
4,6, 10,12, 13, 21, 24, 33, 34, 39 10 items 0.10 Invalid

Overall reliability of the EMD-Test instrument was then also calculated by excluding invalid items.
Reliability for each question level is calculated using a score of 1, a score of 2, and a score of 3 which is
entered into the Kuder Richardson formula 20. Through calculations, it can be seen that the value of the
reliability coefficient obtained is 0.79 for level one questions; 0.84 for second level questions; and 0.87 for
third-level questions as can be seen in Table 11. These results indicate that the developed EMD-Test
instrument product is reliable and for three-level questions it has very high reliability criteria [51]. The value
of the reliability coefficient on the EMD-Test instrument also increased at each additional level of the
question. The increase in the value of the reliability coefficient at each additional level of the question
indicates that the test developed with a three-level format is more reliable when compared to simple multiple
choice or two-level format [78].

Table 11. Reliability of each question level

Question level Value of r KR,,  Value of rTable Information
One-level question 0.79 0.24 Reliable (high)
Two-level question 0.84 0.24 Reliable (very high)

Three-level question 0.87 0.24 Reliable (very high)

The difficulty level of the 40 EMD-Test items that have been developed is also calculated. Through
calculations, it can be seen that there are 12 items with a quality category of difficult items, 25 moderate
items, 2 easy items, and one item that has a difficulty index of O because none of the students answered the
question correctly. namely item number 6 [52]. The difficulty index of zero obtained by question number 6
according to the biology teacher's statement at the school where the research was carried out was because
neither the word protocooperation nor synergism had been studied before, so that no students answered the
question correctly. The difficulty index can be used as a reference in determining the duration of the test if
the EMD-Test questions are to be reused [81]. The difficulty index can also be considered as a reason why an
item is not valid in the calculation of item validity. This is because the lower difficulty index could be a sign
that the questions have not been developed properly [2], [34], [81].

As additional data that can be obtained from developmental testing, the results of developmental
testing in this study are also interpreted into several categories of concept understanding. Interpretation is
done by first removing invalid items and making adjustments to the number of questions and the distribution
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of questions based on indicators of competency achievement and misconception. Interpretation is carried out
with adjustments because in this study there was no dissemination stage. The percentage of students'
concepts understanding is also calculated as shown in Figure 3.

Guessing or
understand but
not confidence
4.64

Misconception
(False Positive)
535

Misconception
19.08

Lack of
Konowledge
9.42

Misconception (False

Negative)
19.05

Figure 3. Percentage of students’ concept understanding category

Through these calculations, it can be seen that the misconceptions that occur in students get a fairly
large percentage, which is 19.08%. The number of misconceptions found in the concept of biology is
considered not in line with the students’ assumption that Biology concepts including the ecosystem concept
is an easy concept. This assumption is what makes students tend to have low motivation in studying the
subject matter of ecosystems. Besides being caused by the assumption that the ecosystem subject matter is an
easy concept to learn, the low motivation of students in studying the ecosystem is also caused by the
background experience of students who have studied the concept a lot at lower levels of education and the
close relation of this material to daily life.

Meanwhile, the false positive misconception is a state of understanding in which students are correct
in answering the first level questions but still cannot provide scientific reasons to indicate their strong
understanding of the concept. This can be a sign that the learning process carried out by students is still less
meaningful, so that the correct concepts possessed by students are mixed with misconception [34], [82]. The
false negative misconception is a state of understanding in which students answer the first level questions
incorrectly, and answer the second level questions correctly. This can be caused by student errors in choosing
answers [83].

The high percentage of false positive and false negative misconceptions in this study, namely
19.05% and 5.35%, can be caused by the low literacy interest possessed by students. This statement is
supported by the finding that many students immediately fill in the blank options without first reading the
multiple-choice options which contain the alternative reasons that have been presented. In fact, according to
the results of student responses, many students generally answered with the correct concept, even though it
was not a very complete explanation. The percentage of misconceptions for each sub-concept of ecosystem
material is also calculated as can be seen in Figure 4.

The highest percentage of misconceptions occurs in the energy flow sub-concept, which is 20.92%;
followed by the sub-concept of interactions between ecosystem components by 19.49%; biogeochemical
cycle which is 19.42%; and the lowest is ecosystem and ecosystem components, which is 11.15%.
Meanwhile, the item format at the second level provides blank options, so that from the development testing
stage, new misconceptions have also been obtained that have not been found in the literature. The new
misconception can be seen in Table 12.

Readability test activities were also carried out in this study. The results of the readability test of
students get an overall average 3.41 which means the EMD-Test product is very feasible and can be used
without revision [50]. Meanwhile, through the results of the readability test of 2 teachers at SMAN “X”
Jakarta, it can be seen that the EMD-Test product developed is classified as very feasible and can be used
without revision with an average value of 3.74 [50]. Based on these results, it can be seen that the EMD-Test
product has been developed well because it is in accordance with the material studied at the high school
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level, basic competencies and competency achievement indicators, the instrument developed is in accordance
with the misconceptions that often occur in students, and is easily accessible by various kinds of students.
Digital devices and makes it easier to work with because it is presented through Google Forms. Nevertheless,
several improvements and adjustments were made to the product so that the product could be further
disseminated.

20.92
19.49 1942

11.15

Percentage of Misconceptions (%)

Ecosystem and Interaction between Energy Flow Biogeochemical Cycle
Component Ecosystem  Ecosystem Components
Ecosystem Material Sub Concept

Figure 4. Percentage of misconceptions per sub-concept of ecosystem material

Table 12. Newfound student ecosystem misconceptions

No. Newfound student ecosystem misconceptions
1. Wrong in determining the level of organization of life (Explaining a picture that shows a population as a community).
2. Such emission gases CO, can disrupt the balance of the ecosystem through the disruption of the respiration of the

biotic components contained in an ecosystem.
3 The water cycle begins with the evaporation of water from the ocean or lake due to heating from the sun.

3.4. Disseminate

The dissemination was not carried out in this study because it was not the final goal of the study.
EMD-Test products are distributed by links and QR codes containing EMD-Test questions presented through
Google Forms and complete EMD-Test instrument files containing grids, instructions for working on
questions, questions, answer keys, as well as scoring and interpretation guidelines equipped with an excel file
to analyze test results. The display of the final EMD-Test questions presented through Google Forms can be
seen in Figure 5. Figure 5(a) shows header, tittle, and question details; Figure 5(b) shows question work
instructions and student identity; and Figure 5(c) shows question details. Meanwhile, the EMD-Test product
in file form can be seen in Figure 6; Figures 6(a) for cover, Figure 6(b) for grid, 6(c) for problem, 6(d) for
answer key, 6(e) for scoring and interpretation guidelines, and 6(f) for full product link.

1 i
L Al
. 4 ‘.“r e A A
e

Ecosystem Miconception Diagnostic Test Judul Tanpa Judul
(EMD-Test)

Da the following questions carefully!

ns - 30 Questions

90 Minutes

1. Read the following text!

intanganindhit. 10@gmail com &
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Email *
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High Sehaol

Student Identity

earlie

Nusmber of Questions - 3

Time Allocation 90 Minutes

Basic Competence  : 3.10 Analyzing the components of the Ecosystem and the interactions
et

e @ (b) - (©

Figure 5. EMD-test display presented through Google Forms, (a) header, form title, and question identity,
(b) instructions for the questions and student identity, and (c) question
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EMD-TEST QUESTIONS

EMD-Trsd Qustion Girid
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EMID-Test Questions 1

Instructions for EMD-Test. 1

for 5 d
Interpreting EMD-Test Results

VIVIR [V Y

EMD-Test |nscrument Product Link
and QR code.

(b) (©)
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RESULTS

EMD-TEST INSTRUMENT PRODUCT LINK AND QR CODE

(d)

®

Figure 6. EMD-Test display in file format (a) cover, (b) grid, (c) problem, (d) answer key, (e) scoring and
interpretation guidelines, and (f) full product link

4. CONCLUSION

The EMD-Test which is a diagnostic test instrument for misconceptions in the form of a three-tier
multiple choice test presented using a valid and reliable Google Forms platform has been successfully
developed. A valid EMD-Test product has been successfully developed because it has obtained a very
feasible category based on the results of the average quality score of the validators, which is 3.27; biology
teacher at 3.74; and 3.41 students. In addition, through the results of item validation, the final EMD-Test
product contains only valid items. The reliable EMD-Test product has been successfully developed because it
has obtained a reliability coefficient value of 0.87 for three-level questions.
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