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Use of Multi-Tier Concept Diagnostic Tests in Biology Education:
A Systematic Review of the Literature

Tugce Duran, Musa Dikmenli

Article Info Abstract
Article History This study aimed to comprehensively examine the articles in which multi-tier
concept diagnostic tests, which are among the alternative assessment methods
Published: frequently used in recent years to identify misconceptions, were used in biology
01 October 2024 education between 2000 and 2022. For this purpose, systematic review steps
Received: were followed and summarized in the PRISMA diagram. In this process, four
13 Apri|é024 databases (Web of Science, SCOPUS, ERIC, and TR Index) were searched,
articles were downloaded, elimination/inclusion criteria were applied, and the
Accepted: full texts of the remaining 71 articles were examined in detail. These articles
24 August 2024 were analyzed in terms of test type, year of publication, country of application,
study group and number of participants, validity and reliability analysis, number
Keywords of questions in the test and question types according to the test type, and it was
revealed which subjects of biology they focused on. As a result of the analysis, it
Biology education, was seen that two-tier tests are mostly used in biology education (62%), followed
Multi-tier concept by three-tier (30%) and four-tier tests (8%). It was seen that the reviewed articles
diagnostic test, were administered in a total of 21 countries. The subjects of the articles were
Systematic review grouped under 11 themes and 53 codes. Although they are new to the literature

and have high validity and reliability, it was seen that especially four-tier concept
diagnostic tests were rarely used in biology education. In this context, it was
recommended to expand the use of four- and five-tier concept diagnostic tests in
biology education.

Introduction

Abstract concepts that students cannot directly experience through their sense organs are difficult to teach and
learn. In this respect, measurement and assessment are important for science courses where abstract concepts are
common. Alternative assessment methods are needed to reliably determine whether the science course has
achieved its purpose, whether scientific concepts are understood by students, and whether there are missing
information and misconceptions. According to the constructivist theory, students learn new information by
comparing and associating it with existing knowledge. If there are deficiencies or misconceptions in prior
knowledge, new information cannot be built correctly on prior knowledge. Therefore, students' prior knowledge
should be tested before introducing a new subject, and if there are any errors or misconceptions, they should be
intervened and corrected.

Students' prior knowledge is one of the most researched subjects in science education. The idea that students
bring to science classes misconceptions that they find meaningful but contradict scientific facts is accepted by
many researchers (Driver, 1988, pp. 33-39; Driver & Easley, 1978). Many studies in this field have shown that
the misconceptions that students bring with them to the classroom affect their new learning (Duit & Treagust,
2003; Dykstra, Boyle & Monarch, 1992). Some of the information targeted to be acquired by students may
contradict their prior knowledge, which may prevent students from learning the accurate information. Therefore,
misconceptions in students' prior knowledge should be revealed and eliminated, and then teaching activities
should be planned by taking this into consideration.

Concept diagnostic tests, one of the alternative assessment methods, are frequently used in the detection of
misconceptions due to their easy administration and evaluation phases. Multiple-choice concept diagnostic tests
were first developed by Tamir (1971). According to Tamir, in a single-tier multiple-choice concept diagnostic
test, there is one correct answer in the options of the question and at least one of the remaining distractor options
should contain a misconception. The biggest advantage of single-tier multiple-choice concept diagnostic tests is
that they save time and can be applied at the same time to many people in a short time. In the preparation
process of single-tier multiple-choice concept diagnostic tests, students' existing misconceptions should first be
identified. In this context, in order to create distractors for multiple-choice concept diagnostic tests, it was
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considered necessary for students to give the reasons for the statements they chose in the questions, which
brought along the development process of two-tier concept diagnostic tests. Studies have shown that single-tier
tests used to identify misconceptions may produce incorrect results due to contextual errors (Palmer, 1998). Due
to the limitations of single-tier multiple-choice tests, multi-tier multiple-choice tests have been developed over
time. Today, there are two-, three-, four- and five-tier multiple-choice tests. These tests are referred to as
misconception diagnostic tests or concept diagnostic tests/concept tests in the literature.

The positive results obtained from the studies based on the justification of questions in multiple-choice concept
diagnostic tests led to the development of two-tier multiple-choice concept diagnostic tests (Treagust, 2006). In
the first tier of the two-tier tests, there is a multiple-choice question, and in the second tier, there is a question
asking the reason for the answer given to the question in the first tier. In tests where the second tier is prepared
as multiple-choice, an additional open-ended option can be given so that the student can express himself/herself
more easily and not be limited only to the options given in the question (Mann & Treagust, 1998; Voska &
Heikkinen, 2000). Although studies using two-tier tests initially seemed to yield positive results, over time it
became clear that these tests had some disadvantages. For example, two-tier tests may cause students'
misconception scores to be calculated higher than they actually are (Griffard & Wandersee, 2001). One of the
most important disadvantages is that two-tier concept diagnostic tests are inadequate in distinguishing between
students' misconceptions and lack of knowledge (Caleon & Subramaniam, 2010; Eryillmaz & Stirmeli, 2002).

In order to overcome the shortcomings of two-tier tests, three-tier concept diagnostic tests have been developed.
Some studies have shown that three-tier tests are more reliable, valid and discriminative than two-tier tests
(Lemma, 2012). In three-tier concept diagnostic tests, the first tier constitutes the content step. The main
question to be asked is included in the content step. The second tier is called the reason step. In the reason step,
the reason for the answer given to the question in the first step is asked to be explained. The third tier is the
confidence step, in which students are questioned about their degree of certainty about their answers. The
presence of a confidence step in the three-tier concept diagnostic tests eliminates the confusion about whether
the student's error in the two-tier tests stems from misconceptions or lack of knowledge. If the student is sure of
his/her answer, this indicates that he/she actually has a misconception that he/she is firmly committed to.
Another advantage of three-tier tests is that they enable the analysis of false negatives and false positives
(Hestenes & Halloun, 1995). Although three-tier concept diagnostic tests have great advantages in overcoming
the shortcomings of two-tier concept diagnostic tests they also have some disadvantages. The most important of
these disadvantages is that it is not known whether the answer given in the confidence step of three-tier concept
diagnostic tests belongs to the content step or the reason step. This has been effective in the development and
widespread use of four-tier concept diagnostic tests. The first step of four-tier concept diagnostic tests consists
of the content step, similar to three-tier concept diagnostic tests. The second step is the confidence step. In this
step, the student is asked to express whether he/she is sure of his/her answer to the question in the content step.
The third step is the reason step, in which the reasons for the answers given to the question in the first step are
questioned. Finally, the fourth step is the confidence step, in which the student is asked to express whether
he/she is sure of his/her answer to the question in the reason step.

The four-tier concept diagnostic tests filled the gap of the three-tier concept diagnostic tests because they
included a confidence step after both the content and the reason steps. The presence of a confidence step after
both steps led to a clear distinction between lack of knowledge and misconception. In a recent study, five-tier
concept diagnostic tests were created by adding a final microscopic drawing step to the four-tier concept
diagnostic tests to increase their validity and reliability (Anam et al., 2019).

Biology, which is a sub-branch of science and examines all living things, is rich in both concrete and abstract
concepts. Therefore, many difficulties are encountered in its learning process. When the studies conducted in
biology education are examined, it is seen that students have difficulties in understanding and have
misconceptions in genetics (Bahar, Johnstone & Hansell, 1999; Dikmenli, Cardak, & Kiray, 2011; Lewis &
Wood-Robinson, 2000; Pearson & Hughes, 1988), cell division (Bahar, 2002; Cavallo & Schafer, 1994;
Dikmenli, 2010), respiration (Haslam & Treagust, 1987; Songer & Mintzes, 1994), photosynthesis (Haslam &
Treagust, 1987; Stavy, 1988; Waheed & Lucas, 1992), classification of living things (Ceylan & Umdu Topsakal,
2022) and ecology (Boyes, Stanisstreet & Papantoniou, 1999; Munson, 1994; Ola Adeniyi, 1985). In this regard,
it is important to detect and eliminate misconceptions. Many methods are used today to detect misconceptions.
Multi-tier concept diagnostic tests, which are among these methods and explained in detail above, are used in
many fields such as physics (Chu, Treagust & Chandrasegaran, 2009; Hill et al., 2014; Irmak et al., 2023),
chemistry (Al-Balushi, 2023; Rahayu, Treagust & Chandrasegaran, 2022). Ambusaidi, Al-Shuaili & Taylor,
2012; Artdej et al., 2010; Habiddin & Page, 2019), biology (Haslam & Treagust, 1987; Odom & Barrow, 1995),
science (Kiray et al., 2015; Kiray & Simsek, 2021; Taban & Kiray, 2022), medicine (Badenhorst et al., 2016;
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Versteeg, Wijnen-Meijer & Steendijk, 2019) and mathematics (Ag¢ikgiil, 2021; Kucam & Demir, 2020; Tabak,
2019; Yang & Sianturi, 2021). Although multi-tier misconception diagnostic tests first started with Tamir's
(1971) sample application with 10th grade biology students in Israel, in which he showed that the options of
multiple-choice questions could be written from student answers, today they have become more widespread in
fields such as physics, chemistry and mathematics. The science of biology, by its nature, is prone to
misconceptions as it contains many abstract concepts. Therefore, determination of students' misconceptions is
very important for biology science. However, it is noteworthy that multi-tier misconception diagnostic tests,
which have been among the important alternative assessment methods frequently used in detecting
misconceptions in biology education literature in recent years, are used less than other disciplines.

The literature on the methods used to detect misconceptions was reviewed. Resbiantoro, Setiani, and
Dwikoranto (2022) conducted an in-depth review of 72 articles on the methods used to detect misconceptions in
physics, the causes of misconceptions and the ways to eliminate them. In their study, which was limited to
articles published in ScienceDirect, SpringerLink, Taylor & Francis Online and Wiley Online Library databases
between 2005 and 2020, they revealed that interviews, open-ended tests, multiple-choice tests, and multi-stage
tests were generally used to detect misconceptions in physics. Rosida, Widarti, and Yahmin (2022) conducted a
systematic analysis of studies that used multistage concept diagnostic tests to detect misconceptions about
chemical equilibrium. In their study using the PRISMA diagram, they analyzed 30 scientific articles published
between October 2010 and 2020, which they accessed using the Google Scholar search engine. They used
articles, papers and theses published only in Indonesian journals indexed by SINTA. Onder Celikkanli and
Kizileik (2022) analyzed the studies using four-tier misconception diagnostic tests in physics education between
2010 and 2022. They included 69 studies accessed from Web of Science, ERIC, Scopus, EBSCOhost, Google
Scholar and Turkey National Thesis Center databases. Soeharto et al. (2019) conducted a systematic analysis of
studies on students' misconceptions in science. In their study using the PRISMA diagram, they analyzed a total
of 111 scientific articles published between 2015 and 2019, which they accessed from some databases such as
ERIC, EBSCO, SAGE, DOAJ, WILEY, JSTOR, ELSEVIER, SCOPUS and WOS. Kaltakci Gurel, Eryilmaz,
and McDermott (2015) conducted a systematic analysis to determine the diagnostic tools used to detect
misconceptions in science. They analyzed a total of 273 articles published between 1980 and 2014, which they
accessed from a total of 9 databases, including ERIC, SSCI, SCI, JSTOR. When all these studies were
evaluated, it was seen that there were quite a large number of literature reviews on the methods used in the
detection of misconceptions in fields such as physics, chemistry and science. Even the studies of Rosida,
Widarti, and Yahmin (2022) and Onder Celikkanli and Kizilcik (2022) were directly related to the use of multi-
tier misconception diagnostic tests. However, as a result of the examinations, it was understood that there was
no direct literature review specific to biology yet. Wulandari, Ramli, and Muzzazinah (2020) conducted a
systematic analysis to determine the types of assessments for understanding the concept of biological materials
and the properties and effects of materials for understanding biological concepts. In their study using the
PRISMA diagram, they analyzed 20 articles published between 2004 and 2019, which they accessed from
Google Scholar, ScienceDirect, CBE-life sciences education, and Taylor & Francis databases.

In a metasynthesis study, Kumandas, Ateskan, and Lane (2019) compared and examined in depth the studies
published in Tiirkiye on misconceptions in biology. In their study, they analyzed 67 articles obtained from the
Institute for Scientific Information (ISI), Web of Science, Scopus, EBSCOhost, ULAKBIM and Academia
Social Science (ASOS) Index databases. Most of these studies address various aspects of misconceptions in
biology, but do not directly address the use of misconception diagnostic tests in biology. Therefore, it was seen
that there was a need for an in-depth examination of the use of multi-tier misconception diagnostic tests in
biology education in order to fill the gap in the literature. In this context, the aim of this study was to
comprehensively examine the studies in which multi-tier concept diagnostic tests, were used in biology
education between 2000 and 2022. In this respect, it was thought that the present study would make a significant
contribution to the literature by providing an overview of the use of multi-tier concept diagnostic tests in
biology education studies. On the other hand, deepening concept diagnostic tests will expand the use of these
tests and contribute to revealing misconceptions in different subject areas.

Research Problems

1) What is the distribution of the studies in which multi-tier concept diagnostic tests are used in biology
education according to test types (two-tier, three-tier, etc.)?

2) What is the distribution of the studies in which multi-tier concept diagnostic tests are used in biology
education according to years?
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3) What is the distribution of test type in the studies in which multi-tier concept diagnostic tests are used in
biology education according to years?

4) What is the distribution of the studies in which multi-tier concept diagnostic tests are used in biology
education according to the countries in which they are administered?

5) What is the distribution of the studies in which multi-tier concept diagnostic tests are used in biology
education according to the study group and number of participants?

6) Which subject areas do the studies using multi-tier concept diagnostic tests in biology education focus on?

7) What is the distribution of studies in which multi-tier concept diagnostic tests are used in biology education
according to their validity and reliability analysis?

8) What is the distribution of studies in which multi-tier concept diagnostic tests are used in biology education
according to the number of questions in the test?

Method

The critical evaluation of the application of a method, technique or model in education is possible through
systematic analysis. Systematic analysis, also known as systematic review, can be used for many purposes such
as determining whether the current practice is based on evidence, determining the quality of evidence, and
addressing any uncertainties that may occur during application (Munn et al., 2018). That is, if there are peer-
reviewed empirical studies analyzing the effectiveness of a model, the field of study and effectiveness of this
model can be detailed by a systematic review of the literature. In this context, in the present study, a systematic
review was conducted to investigate the use and effectiveness of multi-tier concept diagnostic tests, which are
among the important methods in determining misconceptions, in biology education. Systematic review is one of
the important literature review methodologies that has existed since the late 1990s. Systematic review, which is
widely used especially in health education fields such as nursing and medicine, provides access to all studies
without bias and impartiality. As a result of the systematic review, not only the well-known studies in that field
but also the entire literature is accessed, providing the reader with quality information. It is also very important
to systematically detail the path followed in this process for the reliability and reproducibility of the study.
Systematic reviews can provide guidance for future studies as they enable the identification of strengths and
weaknesses in the literature. It is believed that the use of systematic review, which has been used in education as
well as in the field of health in recent years, will add potential value to higher education (Bearman et al., 2012;
Gough, 2007). In general, a five-tier systematic review process was adopted to answer the initial research
questions.

Phase 1: Article Collection, Review, and Initial Selection
Databases and Search Terms, Article Collection

To review the existing literature, four databases (Web of Science, SCOPUS, ERIC, and TR Index) were
searched for articles. For each database, the title, subject, index, abstract and/or keywords and the entire text
were searched in Turkish and English for the terms “asamali test/tier test”, “iki agamali/two tier”, “ii¢
asamali/three tier”, “dort asamali/four tier”, “bes agamali/five tier” and two additional terms were searched. The
first additional term used in the search was "Biology" and the second was "Diagnostic". Therefore, each search
contained “search term” + Biology + Diagnostic (e.g. “two tier” + biology + diagnostic). However, when an
"advanced search" was performed in the TR Index database, it was seen that the results were limited incorrectly
and the advanced search was insufficient. For this reason, since it was aimed to reach all studies, the search
terms were directly searched in the TR Index database and no additional terms were added. The process of
reviewing the databases and downloading the relevant studies was completed between January and March 2023.

Article Review and Initial Selection

The articles to be analyzed were uploaded to Zotero. In Zotero, the sources, which were foldered separately for
each database in the form of collections and sub-collections, were put in a single folder called "Merged folder"
when the review was completed, and duplicate articles were excluded. The remaining articles were assessed for
eligibility according to the inclusion criteria. First, the titles, then the abstracts and finally the full texts of the
studies were independently reviewed by two authors. Any conflicts between the two authors were resolved
through discussion.
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Initial Inclusion Criteria

For this review, six criteria were considered for the inclusion of the selected studies: (1) The selected studies
were empirical, that is, the studies in which quantitative or qualitative data were collected, analyzed and
reported were included, (2) They were not conference papers, books, book chapters or theses, (3) They were
appropriate for the content of biology education, (4) Each selected study was written in English or Turkish, (5)
They were studies in which multi-tier concept diagnostic tests were developed, (6) They were conducted
between 2000 and 2022. In this context, studies that were not written in English or Turkish, were not conducted
between 2000-2022 were not empirical, were not on subjects specific to biology education, and studies in which
previously developed multi-tier concept diagnostic tests were re-applied were not included in the study. In
addition, conference papers, books, book chapters and theses were also excluded. In determining empirical
studies, finding the research question, specifying the study group, explaining the methodology and reporting the
study results were accepted as criteria.

)

Identification

|

|

Reviewing

Eligibility

|

|

Included

Records identified from Databases
(n=4.315):
*Web of Science (n = 364)
*SCOPUS (n = 2263)
*ERIC (n =530)
*TR Index (n = 1.158)

»

Duplicate records removed for articles (n =
1.008)

Records with titles reviewed for articles
(n=3.307)

\ 4

Reports excluded for articles (n = 2.745)

Records with abstracts reviewed for
articles (n = 562)

Reports excluded for articles (n = 189)

Full-text reports assessed for eligibility
for articles (n = 373)

. Vv - -
Studies included in systematic review for
articles (n=71)

|

Reports excluded for articles (n = 302):
*Studies with re-administration of
previously developed multi-tier concept
diagnostic tests (n = 26)

*Not empirical study (n = 7)

*Not biology education content (n = 235)
*Conference proceedings/Book/ Thesis (n
= 26)

*Not printed in English and Turkish
(n=1)

*Studies not conducted between 2000-
2022 (n=7)

Figure 1. PRISMA diagram
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This review adopted the inclusion and exclusion methods outlined by The PRISMA Group (Moher et al., 2009).
The articles retrieved from Web of Science (n=364), SCOPUS (n=2,263), ERIC (n=530) and TR Index
(n=1,158) databases were combined. Duplicate articles in different databases were excluded, leaving 3,307
articles. The titles of the remaining articles were analyzed and the articles determined to be outside the scope of
the study (n=2,745) were excluded. The abstracts of the remaining articles were then examined in detail. At this
tier, 189 articles determined to be outside the scope of the study were excluded.

Finally, the full texts of the remaining 373 articles were examined in detail and evaluated according to the
eligibility criteria. As a result of this review, 302 articles that were determined to be outside the scope of the
study were excluded. (1) 7 articles that were determined to be non-empirical and written for purposes such as
review, introduction and meta-analysis, (2) 26 articles that were determined to be conference papers, books and
book chapters, (3) 235 articles that were determined to be related to fields such as physics, chemistry, science,
medicine and mathematics, (4) 1 article that was determined to be written in Thai, (5) 26 articles in which multi-
tier tests previously developed in the field of biology education were re-applied to different study groups, (6) 7
articles that were determined to have been conducted in 1987, 1989, 1992, 1995, 1996 and 2023 were
eliminated. This entire process is summarized in Figure 1.

As can be seen in the PRISMA diagram in Figure 1, initially 4,315 articles were found after reviewing the
databases. Then, after eliminating duplicate articles in different databases, the titles of the remaining 3,307
articles were examined by both authors and 96% consensus was reached between the authors on the articles that
should be included in the scope of the study. The abstracts of the remaining 562 articles were reviewed by both
authors and 98% consensus was reached that 373 articles should be included in the study for full text review.
The full-text articles were evaluated according to the eligibility criteria and as a result, 99% agreement was
reached between the authors that 71 articles met the eligibility criteria. All these rates were calculated using
Miles and Huberman's (2016) formula (i.e., Reliability = Agreement / Agreement + Disagreement) to ensure the
reliability of the study.

Phase 2: Final Article Selection

At this phase, 71 articles (Annex) that were decided to be included in the study after full text review were
examined in detail and categorized. The studies in which previously developed multi-tier concept diagnostic
tests were adapted from English to Turkish and from Turkish to English were included in the scope of the study
because they were re-analyzed and their validity and reliability were calculated. It was determined that in some
articles, a method called CRI (Certainty of Response Index) was used to determine the degree of confidence at
one tier of multi-tier concept diagnostic tests. With this method, the degree of confidence in the answer given to
the previous question is questioned by asking for a score from 0 to 5. Therefore, since it was equivalent to the
confidence level, it was considered as a tier in multi-tier concept diagnostic tests.

Finally, all articles were categorized according to the number of tiers in the multi-tier concept diagnostic test.
Articles using CRI and adaptation studies were also included in the classification according to the number of
tiers. Although there were studies in different fields in the literature, it was seen that there was no five-tier
concept diagnostic test in biology education. As a result, 71 articles included in the study were categorized as
articles using CRI, adaptation studies into Turkish or English, two-tier tests, three-tier tests, four-tier tests
(Figure 2), and separate collections were created in Zotero.

Reviewed Studies

(n=71)
Studies using CRI (n = Adaptation studies into Studies using multi-tier concept
3) Turkish or English (n = 3) diagnostic tests (n=71)

2-Tier (n=44) 3-Tier (n = 21) 4-Tier (n = 6)

Figure 2. Study characteristics flowchart
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Phase 3: Data Determination

The following characteristics were determined for the 71 articles included in the study: (1) year of publication,
(2) study group and number of participants, (3) country of application, (4) name of the multi-tier concept
diagnostic test, (5) subject on which multi-tier concept diagnostic test is administered, (6) number of questions
in the multi-tier concept diagnostic test, (7) number of tiers in the multi-tier concept diagnostic test, (8)
reliability analysis, (9) validity analysis. When determining the 9 features to be considered in the analysis of the
studies, the authors independently listed the features. Then, the lists were compared and the discrepancies were
reviewed and reconciled. Thus, the data for the final study were determined.

Phase 4: Data Extraction and Audit

After the selection of articles to be included in the study was completed (Phase 2) and the data were determined
(Phase 3), all eliminated articles were removed from Zotero. At this tier, the two authors collaborated. In
addition, a professor specialized in biology education was asked to check the data for accuracy. As a result, all
of the data were effectively checked and the final data set was prepared.

Phase 5: Analysis

In this study, answers to 8 research problems were sought. Descriptive analysis was used to analyze the
distribution of the studies in which multi-tier concept diagnostic tests were used in biology education according
to test type, years, test type according to years, countries where they were administered, study groups and
number of participants, number of questions in the test, validity and reliability analysis. In descriptive analysis,
data are categorized and interpreted according to predetermined themes. Finally, content analysis was used to
determine the subject areas of the studies in which multi-tier concept diagnostic tests were used in biology
education. Content analysis aims to reach the concepts and relationships that explain the data. The data were
coded in accordance with Strauss and Corbin’s (1990) "coding made according to the concepts extracted from
the data" type. Therefore, codes were generated directly from the data with inductive analysis. IBM-SPSS 24,
Excell and MAXQDA 2018 programs were used to analyze and present the data.

Findings

Descriptive statistics were used to determine the distribution of the analyzed studies according to test type. As a
result of the analysis, frequencies and percentages were determined for test types and presented in Table 1.

Table 1. Distribution of the studies according to test type

Diagnosis Method f %
2-Tier 44 62
3-Tier 21 30
4-Tier 6 8
5-Tier 0 0
Total 71 100

According to these analyzed data, it was seen that two-tier tests (62%) were used the most in the studies in
which multi-tier tests were used in biology education. They were followed by three-tier tests (30%). However,
no five-tier tests were found. Descriptive statistics were used to determine the distribution of the analyzed
studies by years and test type by years. As a result of the analysis, a column chart was created showing the
distribution of test types by years and presented in Figure 3.

When Figure 3 was analyzed, it was seen that the number of three-tier tests gradually increased in the studies
using multi-tier tests in biology education, and the number of four-tier tests increased in recent years due to the
introduction of four-tier tests. It was determined that two-tier tests were found more in the early 2000s, and in
the following years, with the increase in three-tier and four-tier tests, they fell behind three-tier and four-tier
tests in 2019 and 2022. However, in 2020 and 2021, two-tier tests became more dominant again and the humber
of three-tier and four-tier tests decreased. When the data were analyzed in general, it was understood that the
number of studies using multi-tier tests in biology education gradually increased over the years. The highest rate
was in 2022 (f=11; 15%), the last year included in the study. The years with the least number of studies were
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2005, 2006 and 2010. In 2012, there were 5 studies, and despite a sudden decrease in 2014, this rate increased
again in 2015 and reached 4 studies.

2004 2005 2006 2007 2009 2010 2011 2012 2014 2015 2016 2017 2018 2019 2020 2021 2022

12

10

D

N

o

W 2-Tier m3-Tier m4-Tier

Figure 3. Distribution of test types according to years

X\ 27

8ing le gUclendirimigir
© Australlan Bureau of Statistics, GeoNames, Micrasoft, Nawnda, Open Places, OpenStreetMap, TomTom, Wikdpedia, Zenrin

Figure 4. Distribution of the studies according to the countries where they were administered

Descriptive statistics were used to determine the distribution of the analyzed studies according to the countries
where they were administered. As a result of the analysis, a map was created on the world map showing the
countries where these studies were administered and the frequencies in these countries (Figure 4). The multi-tier
concept diagnostic test developed by Kilig, Taber, and Winterbottom (2016) was administered separately in
England and Tiirkiye. Similarly, Sorgo, Ambrozi¢-Dolinsek, Usak, and Ozel (2011) administered the multi-tier
concept diagnostic test they developed in their study in Tiirkiye and Slovenia. In these studies conducted in two
countries, frequencies for both countries were included in the analysis results. Therefore, the total frequency did
not give the number of articles examined, but the total number of countries where the administrations were
made (f = 73).
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According to Figure 4, the studies using multi-tier concept diagnostic tests in biology education were
administered in 21 countries (the USA, Australia, China, Czech Republic, England, Germany, Greece,
Indonesia, Malaysia, Mauritius, Morocco, Nigeria, Saudi Arabia, Serbia, Singapore, Slovenia, South Africa, Sri
Lanka, Switzerland, Taiwan, Tiirkiye). Tiirkiye (37%) was the country with the highest number of studies. This
was followed by Indonesia (12%), the USA (11%) and Taiwan (10%).

Similarly, descriptive statistics were used to determine the distribution of the studies according to the study
group. As a result of the analysis, frequencies and percentages were determined for the study groups and
presented in Table 2. It was observed that some studies were conducted in more than one different study group
(Apaydin & Siirmeli, 2006; Cigdemoglu & Arslan, 2017; Giirsel & Akgay, 2022; Liampa et al., 2019; Soeharto
& Csap6, 2021; Wang, 2004; Yen, Yao & Chiu, 2004; Yen, Yao & Mintzes, 2007). Therefore, each study group
was evaluated separately. The total number reached as a result of the analysis reflected the number of study
groups, not the number of articles.

Table 2. Distribution of the studies according to study groups

Study Group f %
Primary school students 3 4
Secondary school students 18 21
High school students 23 27
University students 8 10
Students studying in the biology department of the university 4 5
Students studying in the pharmacy department of the university 1 1
Students studying in the preparatory class of the university's medicine department 1 1
Biology teacher candidates 8 10
Science teacher candidates 8 10
Primary school teacher candidates 4 5
Physics teacher candidates 1 1
Chemistry teacher candidates 1 1
Pre-school teacher candidates 1 1
Life and earth sciences teacher candidates 1 1
Teacher candidates studying in different branches at the university 2 2
Total 84 100%

It was observed that the study group of studies in which multi-tier concept diagnostic tests were used in biology
education generally consisted of high school students (27%). This was followed by secondary school students
(21%). When the study groups were evaluated by grouping them according to their education levels, it was
observed that 4% of the study groups consisted of primary school students (f = 3), 21% consisted of secondary
school students (f = 18), 27% consisted of high school students (f = 23) and 48% consisted of university
students (f = 40). When the articles whose study group consisted of teacher candidates were evaluated within
themselves, it was seen that the majority of studies were conducted with biology teacher candidates (31%) and
science teacher candidates (31%). Descriptive statistics were used through SPSS to determine the distribution of
articles according to the number of participants. The results of the analysis are given in Table 3.

Table 3. Data on the number of participants in the reviewed studies
N  Minimum Maximum Mean Std. Deviation
Number of Participants 71 17 1962 313.90 342.59

It was seen that the study group of the studies in which multi-tier concept diagnostic tests were used in biology
education consisted of at least 17 participants and at most 1962 participants. When the number of participants in
all reviewed articles was evaluated, it was determined that there were approximately 314 participants on
average. Content analysis method was used to determine the subject areas of the studies in which multi-tier
concept diagnostic tests were used in biology education. First, the subjects of the examined articles were listed.
Some studies were found to be conducted in a general subject area such as science concepts or science
(Soeharto, 2021; Soeharto & Csapod, 2021). These studies included physics, chemistry and biology subjects
together. Due to the scope of the current study, only biology-related subjects in these studies were included in
the analysis. The list of subjects to which the multi-tier concept diagnostic test was administered in the articles
was coded separately by both researchers. A total of 53 codes were generated. At this tier, 99% agreement was
seen among researchers (Miles & Huberman, 2016). The codes were grouped according to their similarities.
These groups created the themes. More general subjects in biology education were used to create the themes,
and it was ensured that the themes consisted of concepts that best represented the codes. The themes were (1)
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physiology, (2) biochemistry, (3) genetics, (4) cell biology, (5) environmental education, (6) health, (7)
evolution, (8) biodiversity and classification of living things, (9) socioscientific subjects, (10) general biology
and (11) ecology. For the reliability of the study, two different experts were consulted to determine whether the
11 themes represented the codes. These experts were working as professors in the department of biology
education at the faculty of education of a university. Two different lists were given to each faculty member. One
of these lists consisted of codes arranged alphabetically (n=53) and the other list consisted of 11 themes
arranged alphabetically (supported by short explanations). Experts were asked to match all codes with these
themes. Then, Miles and Huberman's (2016) formula (Reliability = Agreement / Agreement + Disagreement)
was applied to determine reliability. The agreement between experts and researchers was 96% and 94% for two
experts, respectively. The codes with disagreements were discussed between the experts and the researchers, and
an agreement was reached.

The determined codes and themes were transferred to the MAXODA 2018 program. The codes were linked to
the themes. A map was created using the "Code-Subcode-Sections model" through MAXMaps. In this model,
previously determined codes represented sub-codes and themes represented codes. Since all the analyzed studies
were related to biology education, all codes and sub-codes were combined in the "Biology Education" section.
In the map created, the codes were shown in colored rectangles and each sub-code of that code was symbolized
in the same color and connected to the codes. The codes were symbolically indicated by a triangle. Subcodes
were symbolized with a label sign. The thickness of all connecting lines on the map (between subcodes and
codes, between codes and section) was determined by frequency (Figure 5).

When Figure 5 was examined, it was seen that the subjects of the studies in which multi-tier concept diagnostic
tests are used in biology education were grouped under 11 themes and that these themes consisted of 53 codes in
total. The total frequency of these codes, 71, represented the number of articles examined. It was understood that
the theme with the most codes was "physiology™” (n = 16). It was followed by "environmental education™ (n=6)
and "biodiversity and classification of living things" (n=6). The theme with the fewest codes was
"socioscientific issues" (n=1). Within the "Physiology" theme, the code with the highest frequency was
diffusion and osmosis. Within the theme of "environmental education”, climate change was the code with the
highest frequency. Within the theme of "Biological diversity and classification of living things", each code had
equal frequency. Similarly, the themes of "evolution" and "biochemistry" also consisted of codes with equal
frequency. The codes with the highest frequency were genetics in the "genetics" theme, cell biology in the "cell
biology" theme, ecological footprint in the "ecology" theme, microbes and diseases in the "health” theme, and
general biology in the "general biology" theme. It was an expected situation that the codes with the highest
frequency in the themes of genetics, cell biology and general biology were the same as the name of the theme.
These were the main subjects in biology. Therefore, when the codes in the analyzed articles were grouped
according to their similarities and themes were created, the themes were named after these subjects since they
constituted the most general concept.

Descriptive statistics were used to determine the distribution of studies in which multi-tier concept diagnostic
tests were used in biology education, according to their validity and reliability analysis. As a result of the
analysis, frequencies and percentages were determined and presented in Table 4. Accordingly, it was seen that
most of the articles (79%) were analyzed for both validity and reliability. It was determined that 7% of the
articles did not provide any information about validity and reliability analysis. There were also articles in which
only validity analysis (9%) or only reliability analysis (4%) was conducted.

Table 4. Distribution of the studies according to their validity and reliability analysis

Status of validity and reliability analysis f %
Articles with validity analysis only 6 9
Articles with reliability analysis only 3 4
Articles with both validity and reliability analyses 53 79
Articles with no information on validity and reliability analyses 5 7
Total 67 100

Descriptive statistics were used through SPSS to determine the distribution of studies using multi-tier concept
diagnostic tests in biology education according to the number of questions in the test. In Wang's (2004) study;, it
was seen that he prepared three different tests separately for primary school, secondary school and high school.
For this reason, the number of questions in each test in this study was treated as a separate test and included in
the analysis. Therefore, the analysis values were determined based on a total of 73 tests in 71 articles. The
results of the analysis are given in Table 5.
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Figure 5. Distribution of the studies according to subjects
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Table 5. Data of the studies regarding the number of questions in the test
N  Minimum Maximum Mean Std. Deviation
Number of Questions 73 2 49 15.78 8.29

In the studies in which multi-tier concept diagnostic tests were used in biology education, it was seen that the
minimum number of questions in the test was 2 and the maximum number was 49. When the number of
questions of multi-tier concept diagnostic tests in all the articles was evaluated, it was determined that there
were 16 questions on average for each article.

Conclusions and Recommendations

The aim of this study was to comprehensively examine the studies in which multi-tier concept diagnostic tests,
one of the alternative assessment methods frequently used in recent years to identify misconceptions, were used
in biology education between 2000 and 2022. This review was carried out by following the steps of a systematic
review as summarized in the PRISMA diagram. In this process, four databases (Web of Science, SCOPUS,
ERIC, and TR Index) were examined and articles were downloaded and eliminated by applying
elimination/inclusion criteria at various tiers. The full text of the remaining 71 articles was subjected to detailed
analysis. The 71 articles in which concept diagnostic tests were used were analyzed in terms of test type, year of
publication, country of administration, study group and number of participants, validity and reliability analysis,
number of questions in the test and it was tried to reveal which subjects of biology these studies focused on.

As a result of the analysis, it was seen that two-tier tests were mostly used in biology education (62%), followed
by three-tier (30%) and four-tier (8%) tests. Five-tier tests were not used at all. This is probably due to the fact
that five-tier concept diagnostic tests are new in the literature. Similarly, in a study examining the diagnostic
assessment tools used to identify misconceptions in science between 2015 and 2019, it was determined that
four-tier multiple-choice tests were used only in studies in the field of physics, and in addition, two-tier and
three-tier diagnostic tests were used less in biology than in chemistry and physics (Soeharto et al., 2019). In this
context, Kaltakci Gurel, Eryillmaz, and McDermott (2015) stated that the number of three- and four-tier
multiple-choice tests in biology education is still low and should be increased. In a similar study in physics
education, Resbiantoro and Setiani (2022) examined the studies on misconception identification between 2005
and 2020. According to their results, they determined that 10% of the concept diagnostic tests used in the studies
were two-tier, 6% were three-tier and only 4% were four-tier. The findings of this study also support the opinion
that four-tier concept diagnostic tests are used less than other multi-tier concept diagnostic tests.

It was understood that the number of three-tier tests gradually increased in studies in which multi-tier tests were
used in biology education, and in recent years, the number of four-tier tests has increased due to the introduction
of four-tier tests. It was found that two-tier tests were more common in the early 2000s, and with the increase in
three-tier and four-tier tests in the following years, they fell behind three-tier and four-tier tests in 2019 and
2022. However, in 2020 and 2021, two-tier tests became more dominant again and the number of three- and
four-tier tests decreased. While there were 5 studies in 2012, there was a sudden decrease in 2014, but this rate
increased again in 2015 and reached 4 studies. Supporting this finding, a study reported that multi-tier concept
diagnostic tests increased after 2015 (Soeharto et al., 2019).

It was observed that studies using multi-tier concept diagnostic tests in biology education were conducted in a
total of 21 countries. Tiirkiye (37%) was the country with the highest number of studies. This was followed by
Indonesia (12%), America (11%) and Taiwan (10%). Onder Celikkanl and Kizilcik (2022) stated that the most
studies using four-tier concept diagnostic tests in physics education were conducted in Indonesia (76%),
followed by Tiirkiye (21%) and Singapore (3%). It is thought that the aforementioned study differs from the
findings of the current study because it was conducted in physics education.

As a result of the examinations, it was seen that the study group of the studies in which multi-tier concept
diagnostic tests were used in biology education generally consisted of high school students. This was followed
by secondary school students. When the study groups were grouped according to educational levels, it was
understood that most of the studies were conducted with university students. When the articles in which the
study group consisted of teacher candidates were evaluated within themselves, it was seen that most of the
studies were conducted with biology teacher candidates and science teacher candidates. Onder Celikkanli and
Kizileik (2022) examined the articles in which four-tier concept diagnostic tests were used in physics education
between 2010 and 2022 and determined that the study group of the articles they analyzed consisted mostly of
high school students (41%). This finding is similar to the data of the present study. In a study conducted by
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Reshiantoro and Setiani (2022), they analyzed the studies on misconception detection in physics education
conducted between 2005 and 2020. They found that the study group was mostly undergraduate students (36%),
followed by high school students (26%) and teacher candidates (20%). This difference in findings may be
normal since this study was conducted in physics education and all studies on misconception detection,
including multi-tier concept diagnostic tests, were examined.

In the reviewed articles, it was seen that the study group consisted of at least 17 participants and at most 1962
participants. When the number of participants in all the articles was evaluated, it was determined that there were
approximately 314 participants on average. Factor analysis is always performed in studies where concept
diagnostic tests are developed. For exploratory factor analysis, the sample size should be at least 300 or more
(Seger, 2013, pp. 119). It was determined that the sample size was below 300 in 67.6% of the studies. It is also
known that in order to calculate Cronbach's alpha, if the eigenvalue is between 3.00 and 6.00, the sample should
consist of at least 100 participants (Yurdugiil, 2008). It was determined that the sample size was below 100 in
21.12% of the studies, which is a remarkable rate.

It was understood that the subjects of the studies in which multi-tier concept diagnostic tests were used in
biology education were grouped under 11 themes. These themes were Physiology, Socioscientific issues,
Biochemistry, Genetics, Cell biology, Environmental education, Health, Evolution, Biodiversity and
classification of living things, General biology and Ecology, respectively. In their study, Wulandari, Ramli &
Muzzazinah (2020) examined 20 articles published in international journals between 2004 and 2019 to
determine the types of evaluations regarding the understanding of the concept of biological materials, the
properties and effects of materials related to the understanding of biological concepts. According to their
findings, they determined that studies to evaluate the understanding of a concept were generally carried out on
Plantae, genetics, molecular biology, evolution, microbiology and photosynthesis. All of the subjects identified
here are among the subjects identified in the current study. Therefore, the findings of the above-mentioned study
support this study. The subjects that generally cause misconceptions in students in biology education are (1)
Adaptations, habitat, biosphere, ecosystem, food chain and food web, functions of the ecosystem, biomass and
biodiversity, (2) Osmosis and diffusion, (3) Plant transport, (4) ) Antibiotic resistance, (5) Acid rain, global
warming, greenhouse effect and ozone layer depletion, (6) Water cycle, (7) Photosynthesis, (8) Nature of
science, (9) Digestive system, (10) Energy and climate change, (11) Evolution of biology, (12) Human
reproduction, (13) Human and plant transportation systems, (14) Global warming, (15) Ecological concepts
(Soeharto, Csap6, Sarimanah, Dewi, & Sabri, 2019). The themes and codes we identified in our study overlap
with the majority of the above subjects that were found to contain misconceptions. There are many studies in
which multi-tier concept diagnostic tests have been developed, especially on the subject of osmosis and
diffusion. When the basic subjects in biology education are examined in "Campbell Biology", which is widely
used and accepted in biology education worldwide, it is seen that the basic subjects in biology education include
living chemistry, cell, genetics, evolutionary history of biological diversity, plant structure and function, animal
structure and function, evolutionary mechanism and ecology (Urry et al., 2022). In another similar study, "Life
Science Biology", the main subjects include life science and the chemical basis of living things, cells, cells and
energy, genes and heredity, models and processes of evolution, evolution of diversity, flowering plants:
structure and function, animals: structure and function, genomes and ecology (Sadava et al., 2014). When the
articles we examined in our study were evaluated according to their subjects, it was seen that there were not
enough studies on the chemical basis of living things and genomes, which are among the basic biology subjects
included in the aforementioned studies.

In test development studies, the measurement tool must be valid and reliable. A reliable measurement may not
be valid. However, a valid measurement must be reliable (Ozdamar, 2017, pp. 69). It was observed that both
validity and reliability analyses were mostly performed in studies where multi-tier concept diagnostic tests were
used in biology education. It was determined that 7% of the articles did not provide any information regarding
validity and reliability analyses. There were also articles in which only validity analysis (9%) or only reliability
analysis (4%) was conducted. In their study, Onder Celikkanli and Kizilcik (2022) examined the articles in
which four-tier concept diagnostic tests were used in physics education between 2010 and 2022, and found that
29% of the articles did not include any explanation of how validity and 33% of the articles did not include any
explanation of how reliability was determined. In the above-mentioned study, the rate of studies in which only
validity and only reliability were determined is quite low compared to the findings of this study.

In the studies in which multi-tier concept diagnostic tests were used in biology education, it was seen that the
minimum number of questions in the test was 2 and the maximum number was 49. The average humber of
questions in the test was 16. Similarly, in studies using four-stage concept diagnostic tests in physics education,
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it was found that the number of questions in the test was at least 4 and at most 40, and the average number of
questions was 18.73 (Onder Celikkanli & Kizilcik, 2022).

When evaluated in general, it can be said that the number of studies using multi-tier concept diagnostic tests is
insufficient in biology education. Although they are new to the literature and have high validity and reliability,
especially four-tier concept diagnostic tests are rarely used in biology education. Five-tier diagnostic tests were
not encountered at all. In this context, it was recommended to expand the use of four and five-tier concept
diagnostic tests in biology education. It is recommended that researchers who plan to develop multi-tier concept
diagnostic tests in biology education should conduct studies on the subjects of "Chemical basis of living things"
and "Genomes", which were found to be missing in the literature in the current study.

Limitations

Studies that our reviewed was limited to the use of as Turkish and English the terms “asamali test/tier test”, “iki
asamali/two tier”, “li¢ asamali/three tier”, “dort asamali/four tier”, “bes asamali/five tier” and two additional
terms (Biology+Diagnostic) in article title, subject, index, abstract and/or keywords and the entire text title in
four databases (Web of Science, SCOPUS, ERIC, and TR Index). Therefore, there is still potential that the
review missed relevant articles which in other databases or expressed in different terms. Also according to the
criteria we identified in the study studies that were not written in English or Turkish, were not conducted
between 2000-2022, were not empirical, were not on subjects specific to biology education, and studies in
which previously developed multi-tier concept diagnostic tests were re-applied were not included in the study.
In addition, conference papers, books, book chapters and theses were also excluded. This is a limitation of the

study.
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