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Sayimn: Yilmaz KARA

3-5 Mayis 2018 tarihleri arasinda Ufuk Universitesi eV sahipliginde diizenlenecek

olan Uluslararas1 Kiiltiir ve Bilim Kongresi’ne gondermis oldugunuz “DNA ve
Genetik Kodun Anlasilmasi icin Iki Asamah Coktan Se¢meli Tami Testinin Gelistirilmesi

Ve Uygulanmasi” baslikl1 bildirinizin, hakem degerlendirmesi sonucu sozlii olarak

sunulmak tizere kabul edildigini bildirmekten mutluluk duyariz.
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ABSTRACT

Biology education is an important process that aims to teach the events and concepts that are important
in terms of vitality, which deals with the events taking place in living organisms and living systems. It is important
that the basic concepts involved in this process are structured correctly and completely by the students. Difficulties
are encountered in constructing concepts such as DNA and genetic code in biology education. To structure the
student concepts in the correct way and to replace with the truths of the wrong ones, it is necessary to first reveal
the concepts that the students have. This study involves the development and application of a two-tier diagnostic
test to measure students' DNA and genetic code perceptions. Three general steps of the instrument development
process have been followed: to define the content limits of the test, to identify student conceptual misconceptions,
and to learn the development of the data collection tool. In addition to the understandings of student conceptions,
open-ended multiple-choice questions and data on misconceptions were collected. The data were used to develop
a two-tier multiple-choice diagnostic test. The examined conceptual information is understanding of nucleotide,
DNA, genes and chromosome concepts in addition to inheritance of traits. The diagnostic tool was applied to 103
high school students. The reliability coefficient of the test was calculated as 0.79. Difficulty indices ranged from
0.36 to 0.75, while discrimination indices ranged from 0.21 to 0.69. The results of DNA and genetic code
diagnostic test have shown that students do not get a satisfactory understanding of DNA and genetic code. The
uncovered misconceptions and their reasons have been discussed in terms of biology teaching and resources.
Key Words: Misconception, Diagnostic test, Test development, Biology education.

DNA ve Genetik Kodun Anlasilmas i¢in iki Asamali Coktan Secmeli Tam Testinin Gelistirilmesi
ve Uygulanmasi

OZET

Biyoloji egitimi canlilar1 ve canli sistemlerde gerceklesen olaylari konu eden, canlilik bakimimdan 6nemli
olaylarin ve kavramlarin dgretimini hedefleyen 6nemli bir siirectir. Bu siiregte yer alan temel kavramlarin
ogrenciler tarafindan dogru ve eksiksiz bir bigimde yapilandirilmasi 6nem tasimaktadir. Biyoloji egitiminde yer
alan DNA ve genetik kod gibi kavramlarmn yapilandirilmasinda zorluklarla karsilasiimaktadir. Ogrenci
kavramlarinin dogru bir bigimde yapilandirilmasi, yanlis olanlarm dogrular ile degistirilmesi i¢in dncelikle
ogrencilerin sahip oldugu kavramlarin ortaya ¢ikarilmasi gerekmektedir. Bu ¢aligma, 6grencilerin DNA ve genetik
kod anlamalarii 6lgmek igin iki asamali bir tani testinin gelistirilmesini ve uygulanmasini igermektedir.
Enstriiman geligtirme prosediiriiniin ii¢ genel adim izlenmistir: testin i¢erik sinirlarini tanimlamak, 6grencilerin
kavram yanilgilarin1 belirflemek ve veri toplama aracinin gelisimini &grenmek. Ogrencilerin kavramsal
anlamalarimin yani sira acik uglu ¢oktan se¢meli sorularla kavram yanilgilari ile ilgili veriler toplanmistir. Veriler,
iki uglu coktan segmeli tam testi gelistirmek icin kullanilmugtir. incelenen kavramsal bilgiler, &zelliklerin
kalitmina ek olarak niikleotid, DNA, genler ve kromozom kavramlarinin anlagilmasidir. Tan1 aract 103 lise
ogrencisine uygulanmustir. Testin giivenirlik katsayisi 0,79 olarak hesaplanmistir. Zorluk indeksleri 0,36 ila 0,75
arasinda degisirken, ayrim endeksleri 0,21 ila 0,69 arasinda degismektedir. DNA ve genetik kod tani testinin
sonuglari, 6grencilerin DNA ve genetik kod hakkinda tatmin edici bir anlayis elde etmediklerini géstermistir. Elde
edilen kavram yanilgilar1 ve bunlarin nedenleri, biyoloji 6gretimi ve kaynaklar1 6zelinde tartigiimustir.
Anahtar Kelimeler: Kavram yanilgisi, Teshis testi, Test gelistirme, Biyoloji egitimi.

Introduction

In recent years, there have been many studies mostly concentrated on revealing the understanding of
scientific concepts on science education. In these studies, the researchers adopted various data collection methods
such as interviews (Mthethwa-Kunene, Onwu & De Villiers, 2015), written questions (Saribas & Ceyhan, 2015),
multiple-choice tests (Smith, & Gericke, 2015), drawings (Dauer & Dauer, 2016), worksheets (Mdolo &
Mundalamo, 2015), word association tests (Mclaughlin, Broo, Macfadden & Moran, 2015), and concept maps
(Kilig, Taber & Winterbottom, 2016). In these instruments, the development of distracters based on conceptions
of students purposed in terms of principles of conceptual change approach and assessment procedures (Stern &
Kampourakis, 2017).
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The multiple-choice items were used with alternatives based on student reasoning, including defined
misconceptions (Barnett & Friedrichsen, 2015). In addition, conceptual frameworks of students could be
introduced through using two-tier multiple-choice test instruments (Oztas & Oztas, 2016). The employment of
alternative two-tier instruments to identify conceptions of students has the potential to reflect more closely the
objective being measured because they enable students give a reason for their answers and contain alternative
conceptions.

However, the most of the two-tier multiple-choice test instruments were used to evaluate the
understanding of teachers and teacher candidates at various levels, it is important to asses understanding of
students on any specific scientific subject. Therefore, the present study was aimed to use a multiple-choice two-
tier diagnostic test to evaluate middle students’ understanding of the concepts on DNA and genetic code.

Method

Research Design

The descriptive researches are the studies to analyze the nature of an existing phenomenon as it is. In the
same vein, survey models are used in the studies that need to be gather information about attitudes, beliefs, values,
opinions, ideas, and other type of knowledge of individuals (McMillan and Schumacher, 2001). Since revealing
the conceptual understandings of high school students was aimed in this study, the survey method was adopted
for this research.

The cell division and reproduction diagnostic test

A two-tier multiple-choice test was used to ascertain responders’ misconceptions about DNA and genetic
code. The “DNA and genetic code diagnostic test” was developed by researchers. The DNA and genetic code
diagnostic test consisted of 14 items. The two-tier multiple-choice test items were constructed on basis of student
interviews and multiple-choice questions with free responses. The first tier of each item consists of a multiple-
choice question with two to four choices based on authentic and rational responses. The second tier of each item
contains a set of six to eleven justifications for all potential selected responses to the first tier. Distractors were
derived from actual responders’ alternative conceptions gathered from the literature, interviews, and open-ended
response tests.

The conceptual areas covered by the test were: basic genetic, inheritance, adaptation and biotechnology.
A specification grid was prepared to ensure that the diagnostic test fairly covers the propositional knowledge
statements and the concepts on the concept map underlying the topic. The calculated reliability coefficient was
showed enough reliability for the test (Cronbach-alpha = 0.81).

The frequency of responses to each question were noted, together with the types of reasoning used to
justify each option, and the frequency with which each type was used. Furthermore, to make a more detailed
comparison into the responders’ understanding of DNA and genetic code, their misconceptions were identified by
their reasoning’s to the questions.

Participants

The administration of the instrument was conducted in regular class period. A hundred and three high
school students (53,4% female) received the test. The age range of the research group of candidates was between
15 and 19. The students were from a state high school with different achievement levels and socioeconomic
backgrounds. In these high schools, all high school students took same biology courses in the first semester where
the same curriculum had been applied approved by the Ministry of National Education. All the high school
students studied the topics of basic components of living things, the fundamental unit of life, nucleic acids, growth
and development, inheritance, and organ systems as a part of their biology curriculum including the basic concepts
of DNA and genetic code.

Data analysis

Items of diagnostic instrument were evaluated according to correct and incorrect response combinations.
An item was released as correct on the test when the responders select desired choices for both parts of an item.
The correct response combinations were categorized and scored according to the categories identified in Table 1.
Table 1 Categories and contents used to analyze items of the test

Comprehension levels Scoring criteria Points*
True Comprising the all dimensions of the valid response 3
Partially true Explaining some dimensions of the valid response 2
Naive Including an implication to the valid response 1
Confusion Attributing interested concept to another scientific event 0
Misunderstanding Interpreting incorrectly a scientific event or question 0
Misconception Constructing a concept scientifically wrong 0

*Points were considered valid if the true response was selected in the first part of the item

The analysis of incorrect response combinations provided data on high school students’ alternative
concepts and propositions related to that item (Kim, Pathak, Jacobson, Zhang & Gobert, 2015). The example of
an item analysis is displayed in Table 2.
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Table 2 Distribution of student selections for each response combination from item 11 on the DNA and genetic
code diagnostic test

First tier

Second tier 1.True 2.False Total

1 True 8 8

2 Partially True

3 Naive 8 8

4 Misconception 24 24

5 Confusion

6 Misconception

7 Misunderstanding 2 2

8 Confusion 5 1 6

9 Don’t know 1 1

10 Other 4 4
Total 48 5 53

Findings

The responses of high school students had given to each item of diagnostic test were analyzed for the
possible combinations of knowledge response in addition to reason. The responses to the first tiers were evaluated
for the knowledge while the both tiers for the reasoning. The range of correct answer means was 0.208 to 0.943
for the first tier of the test (Table 3). When both tiers were combined, the correct response means was reduced to
the range of 0.226 to 0.925 for high school students. The comparison between the means of correct responses to
the first and second tier suggested that the high school students did not always select the scientifically correct
response included choice although the correct response rate of high school students just above the average points
of score.

Table 3 Distribution of high school students selecting the desired knowledge choice, reason choice, and item
scores

Items First tier Second tier Naive Partially True Scores
1 0.943 0.925 0.321 0.528 0.094 2.585
2 0.849 0.830 0.547 0.226 0.075 2.057
3 0.811 0.491 0.472 0 0.019 1.019
4 0.585 0.547 0.038 0.151 0.358 1.962
5 0.849 0.811 0.717 0.094 0 1.717
6 0.849 0.830 0.396 0.094 0.340 2.434
7 0.793 0.679 0 0.604 0.075 2.113
8 0.396 0.377 0.019 0.321 0.038 1.151
9 0.717 0.679 0.453 0.189 0.057 1.679
10 0.755 0.359 0.094 0.057 0.208 1.189
11 0.302 0.302 0 0.151 0.151 1.057
12 0.208 0.226 0.094 0.019 0.075 0.585
13 0.547 0.302 0.113 0.038 0.094 0.774
14 0.491 0.302 0.113 0.113 0 0.642
Total 9.095 7.660 3.377 2.585 1.585 20.962

The correct responses on test were investigated and categorized under naive correct, partially correct,
and true correct to identify the degree of convenience to the scientifically correct response. The given correct
responses were classified in detail and the percentages were calculated for each item (Table 3). According to this,
the most common correct responses were naive correct responses (44.2%) that the test takers stated only the one
dimension of the scientifically correct response, based on textbook, or memorization. The partially correct
responses (33.8%) were the second most common correct response category consisted the responses of the high
school students who were not inherently understood the scientifically correct response but their responses
including more than one dimension of the truth. The 21.98% of the correct responders was able to give the
scientifically correct responses. These results also reflected to the scores of correct response categories.

The calculated total mean score were 20.962 for the fourteen items of the diagnostic test although the
total scores gained by the correct responders could be ranged between 14 and 38. It was also seen that item 1, item
2, item 6 and item 7 were scored over 2 points when the calculated mean for each item points took into account.
These relatively high scores were the sign of closer student reasoning to the scientifically correct response on type
of DNA and genetic code (item 1), transfer of genetic information (item 2-6), and adaptation (item 7) among the
correct responders. On the other hand, there could be said that the correct responders had limited and
memorization-based reasoning on biotechnology (item 12, 13, and 14). Thus, the diagnostic test was also could
be used to improve understandings of correct responders besides the incorrect responders.
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Discussion and Conclusions

Identification of misconceptions on DNA and genetic code is vital to make meaningful problem solving
accessible to more students. Furthermore, it is necessary to develop strategies to provide students with the accurate
conceptual knowledge required for scientific problem solving. The DNA and genetic code diagnostic test appeared
to provide a feasible approach to assess understanding of high school students and to identify alternative
conceptions of DNA and genetic code concepts. According to the findings of two-tier multiple-choice diagnostic
test of this study, high school students have continued to have alternative conceptions of DNA and genetic code
even after middle school level education. The results from the diagnostic test indicated that the most consistent
misconceptions held by high school students relate to a lack of understanding on relationship between types of

cells, genetic information and lack of understanding on sexual and asexual reproduction (Chan & Yung, 2018).
The application of diagnostic instruments to evaluate commonly held misconceptions provides an

opportunity to improve learning of science. Through using a two-tier diagnostic test at the beginning or upon

completion of a specified topic, the deeper understandings can be obtained about the knowledge and the existence
of any alternative conceptions of students in any topic (Etobro & Banjoko, 2017). Thus, the use of reliable and
valid pencil and paper tests, easy to score instruments enable to better assess understanding of any particular
subject.
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