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Abstract — The study aims to develop two-tier diagnostic test to determine the conceptual understanding of
secondary school students about concept pairs related with the periodic table such as; metal-nonmetal, acid-base,
ionic-covalent, proton number-electron number, anion-cation. Participants were 334 secondary school students
aged between 13 and 17. Chemistry Concept Diagnostic Test (CCDT) consist of two-tiers and 30 questions was
used. Expert opinion was obtained for content and face validity of CCDT. The bottom 27% and top 27% of
student groups determined according to the total scores of the test. In order to item analyzes, item difficulty
indices and item discrimination indices were determined and 13 questions were removed from the test Expert
opinion for the content validity was obtained again for the final test. Statistical analyzes utilized for the
reliability, and the reliability coefficient of 17 item was calculated as .857 for first tier; and .908 for both first and

second tiers.
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Summary
Introduction

The main goal of chemistry education is understanding the nature of chemistry, its
applications and their relationship with life (Freire, Talanquer & Amaral, 2019).
Misconceptions especially in the basic subjects of chemistry are the major barriers to
meaningful learning by students (Griffiths & Preston, 1992; Lamichhane, Reck & Maltese,
2018). Therefore, several studies have been conducted in the field of chemistry education to
determine students' level of understandings and misconceptions (Abraham, Williamson &
Westbrook, 1994; Driver & Easley, 1978; Mintzes, Wandersee & Novak, 2001; Nakhleh,
1992; Sen & Yilmaz, 2013).

It can be concluded that understanding the properties of the elements by students
through the periodic table has critical importance for chemistry education (Bierenstiel &
Snow, 2019). In national and international literature, the number of studies that investigate
students' misconceptions regarding the important concept pairs in relation to the periodic table
limited (Schmidt, Baumgértner, & Eybe, 2003).

Taber (1999) stated that many teachers have difficulties about to have sufficient time
and ability to develop concept tests. From this point of view, this study has importance for
chemistry and science education because it focuses on the concept pairs that are fundamental
to the learning of chemistry, associating these concept pairs with the periodic table, and so
provide the concept test that can be used to determine the students' misconceptions.

Methodology
Population and Sample

The study was carried out at colleges, the educational establishment for secondary and
high school levels and conducted to Turkish Republic of Northern Cyprus (TRNC) Ministry
of National Education and Culture, General Secondary Education Department. Chemistry
course included in the curriculum of the colleges from eighth grade. The sample of the study
consisted of 334 college students from Guzelyurt Turk Maarif Koleji and 19 Mayis Turk
Maarif Koleji. The age of the students ranged between 13-17. The 57.5% part of the sample
was female and 42.5% male.
Data Collection Tool

Chemistry Concept Diagnostic Test (CCDT) was initially prepared as 30 questions.
Each question in CCDT has two tiers. The first tier of the question similar to multiple choice
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tests with four choices. The second stage also has four options and asked to state the reason
for their answer in the first stage. The distractors in the second stage generally consist of
misconceptions.

In the evaluation of CCDT, the students who answered both stages of the test correctly
received 1 point from that question, and the students who answered one or both stages of the
test incorrect received 0 points. The maximum score can be obtained from CCDT is 30 (the
maximum score in the final version of CCDT is 17) and the minimum score is 0. Each of the
question in the test deals with the two concepts that make up the concept pair.

Data Analysis

Expert opinion was obtained for content and face validity of the CCDT. Statistical
analyzes were utilized for the structure validity, and the Cronbach’s Alpha coefficient that a
measure of internal consistency was calculated. For the item analysis the bottom 27% and top

27% of student groups were determined according to the total scores.

Findings

For the content and face validity of CCDT, expert opinions were obtained from two
instructors and two chemistry teachers in the field of chemistry education. The reliability
study of the test was conducted with 334 students. The Cronbach’s Alpha coefficients of the
test were calculated as .821 for the first tier; and .879 for both first and second tiers. Items
whose item total correlation and item discrimination indices were less than .30 (item 1., 2., 3.,
5,6.,7.,8.,10.,11.,12,, 13, 15. and 22.) eliminated. Afterwards, reliability analyzes were re-
utilized and the Cronbach’s Alpha coefficients of the 17-item test were calculated as .857 for
the first tier; and .908 for both first and second tiers of CCDT. The final version of CCDT
consisted of 17 items and again the expert opinion was applied to ensure the content validity
of the test. After that the final form of the test was established.

Conclusion and Recommendation

As a result of the study, the Chemistry Concept Diagnostic Test (CCDT) involved with
concept pairs such as metal-nonmetal, acid-base, ionic-covalent, proton number-electron
number, anion-cation, was considered as a reliable and valid test and can be used to evaluate
the conceptual understanding of students related to the subject of periodic table.

Based on the findings obtained from the study, it can be said that Chemistry Concept

Diagnostic Test, which was developed as a two-tier concept test, is a tool that can be used in
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the examination of conceptual understandings and misconceptions of secondary school
students about the subject of periodic table.

The CCDT prepared and developed by associating the periodic table which can be
called as building block of chemistry and the concept pairs commonly used in chemistry, will
help researchers and teachers to determine the misconceptions in the field of science and
chemistry education. In addition, two-tier concept tests can be used to determine the
conceptual development and the effectiveness of the methods and techniques used in the
learning process. Afterwards, it is thought that using different concept pairs or dealing with

other chemistry subjects will contribute to the field of studies about misconceptions.
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Ozet — Calismada, periyodik tablo konusu icin énem arz eden ve konu ile iliskili metal-ametal, asit-baz, iyonik-
kovalent, proton sayisi-elektron sayist ve anyon-katyon kavram ¢iftlerine iliskin ortadgretim Ogrencilerinin
kavramsal anlamalarint belirlemek igin iki agamali kavram testi gelistirilmistir. Calismaya yaslar1 13 ile 17
arasinda degisen, 334 ortadgretim Sgrencisi katilmistir. Caligmada iki asamadan olusan 30 soruluk Kimya
Kavram Tani Testi (KKTT) kullanilmigtir. KKTT nin kapsam ve goriiniis gecerligi i¢in uzman goriisii alinmistir.
Testin toplam puanlarina gore alt %27 ve list %27’lik gruplar belirlenmistir. Madde analizleri yapilarak madde
giicliik ve madde ayiricilik indeksleri tespit edilmis ve 13 soru testten cikarildiktan sonra kapsam gegerliligi i¢in
tekrar uzman goriisti almmugtir. Testin giivenirlik analizleri i¢in istatistiksel analizler yapilarak, 17 soruluk testin

ilk agamasi igin gilivenirlik katsayis1 .857, birinci ve ikinci agamasi igin .908 olarak hesaplanmistir.

Anahtar kelimeler: gecerlik, giivenirlik, iki agamali testler, kavram ¢iftleri, periyodik tablo.
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Giris

Kimyanin dogasini, uygulamalarini ve bunlarin yasamla iliskisinin anlagilmasi kimya
egitiminin temel hedefi olmalidir (Freire, Talanquer, & Amaral, 2019). Fakat kimya, soyut
kavramlar icermesinden dolay1 6grenciler tarafindan anlasilmasi zor bir disiplin olarak kabul
edilmektedir (Demircioglu, Demircioglu, & Ayas, 2006; Reid, 2000). Bu sebeple temel kimya
konularinin anlamli bir sekilde  6grenilememesi daha sonra Ogrenilecek konularin
Ogrenilmesini etkilemekte ve her diizeyden Ogrencilerin kimya 6grenimini giiglestirmektedir
(Nakhleh, 1992). Ozellikle de kimyanin temel konularindaki kavram yanilgilari, grencilerin
anlamli O0grenmelerinin Oniindeki en biiylik engellerdir (Griffiths & Preston, 1992;
Lamichhane, Reck, & Maltese, 2018). Bundan dolay1 da kimya egitimi alaninda 6grencilerin
kavramlar1 anlama diizeyleri ve kavram yanilgilarinin belirlenmesine yonelik birgok calisma
yiritiilmistir (Abraham, Williamson, & Westbrook, 1994; Driver & Easley, 1978; Mintzes,
Wandersee, & Novak, 2001; Nakhleh, 1992; Pikoli, 2020; Prodjosantoso & Hertina, 2019;
Sen & Yilmaz, 2013; Talbert ve dig, 2020; Timay, 2016; Yildirim, Tepe, Kus & Biberoglu,
2016). Karsh ve Ayas (2013), kimya egitimi alaninda; ilk6gretim, ortadgretim ve {iniversite
gibi farkli diizeylerde, ozellikle 6gretmen ve Ogretmen adaylarinin kavram yanilgilarini
inceleyen caligmalar yapildigina dikkat cekerek, kavram yanilgilarinin belirlenmesinin

kavramsal degisim ¢alismalari icin 6nemli oldugunu vurgulamiglardir.

Egitim 6gretimde 6grencilerin kavramlar1 dogru 6grenmeleri ve tam olarak anlamalari
¢ok Onemlidir. Bu siiregte 6lgme ve degerlendirme, dgretim silirecinin temel Ogelerinden
biridir. Gegerlik ve giivenirligi saglanmis O6lgme araclart kullanilarak  6grenenlerin
hazirbulunusluk diizeyleri, bilgiyi ne Olgiide kazandiklart ve oOgretim etkinliklerinin ne
diizeyde amacima ulastigi belirlenebilmektedir (Gonen, Kocakaya, & Kocakaya, 2011).
Olgme ve degerlendirme amaciyla ogrencilerin kavram yanilgilarm belirlemek igin
miilakatlar (Nakhleh, Samarapungavan, & Saglam, 2005; Valanides, 2000), acik uglu sorular
(Aydogan, Gilines, & Giilgigek, 2003; Kolomug¢ & Tekin, 2011), kavram haritalar1 (Burrows
& Mooring, 2015; Novak & Gowin, 1984), kelime iligkilendirme testleri (Sen, Varoglu, &
Yilmaz, 2019; Yiicel & Ozkan, 2015), ¢izimler ve gdsterimler (Berg, Orraryd, Pettersson, &
Hulten, 2019; Smith & Metz, 1996) ve ¢oktan se¢meli testler (Ozmen, 2008; Schmidt, 1997)
gibi ¢esitli teknikler kullanilmaktadir. Coktan se¢meli testlerin, hedef ve davranislar agisindan
iyi planlandiklar1 zaman yiiksek kapsam gegerligine sahip olmalarinin yan sira, fazla soru

sorulabilme olanagi dikkate alindiginda, sorularin acik ve anlasilir olmasi durumunda
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giivenirliklerinin de yiiksek oldugu ve ayrica puanlamalarinin objektifligi acisindan da
avantajlt olduklar1 sOylenebilmektedir (Karatas, Kose, & Costu, 2003; Turgut, 1995). Buna
karsin, coktan se¢meli testler oOgrencilerin verdigi yanitlarin nedeni hakkinda bilgi
saglamadiklarindan dolay1 dezavantaj olusturmaktadirlar (Odom & Barrow, 1995). Bu
sebeple ¢oktan secmeli testlerin olumsuz yonlerini azaltmaya yonelik iki asamali kavram tani
testleri gelistirilmistir (Cakir & Aldemir, 2011; Griffard & Wandersee, 2001). Kavram
yanilgilarinin  belirlenmesi i¢in 6zellikle fen ve kimya O&gretiminde kavram testleri
kullanilmaktadir (Treagust, 1988; Peterson, Treagust, & Garnett, 1986). Ciinkii kavram
testlerinin, kavram yanilgilarini teshis etme ve Ogrencileri dogru yaniti bulmaya yonelik

motive etme gibi iki islevi bulunmaktadir (Taber, 1999).

Literatiir incelendiginde de 6grenenlerin kavram yanilgilarinin incelenmesi amaciyla
genellikle iki asamali testlerin gelistirildigi ve kullanildigr goriilmektedir (Ghalkhani &
Mirzaei, 2018; Ortiz, 2019; Othman, Treagust, & Chandrasegaran, 2008; Tan, Taber, Goh, &
Chia, 2005). Iki-asamali testlerin ilk asamasinda o6grencilerden ilgili icerik icin bir yanit
vermeleri, ikinci asamasinda bu yanitin nedenini belirtmeleri istenmektedir (Treagust, 1986).
Iki-asamal1 testlerdeki ikinci asama daha ¢ok dgrencilerin yanitlarnin nedenini yorumlamaya
olanak saglamaktadir (Kaltakci Gurel, Eryillmaz, & McDermott, 2015). Yapilan ¢alismalarda,
kimyanin; madde (Othman ve dig., 2008), kimyasal reaksiyonlar (Chandrasegaran, Treagust,
& Mocerino, 2007), iyonlagma enerjisi (Tan ve dig., 2005), kimyasal baglanma (Ortiz, 2019),
cozeltiler (Adadan & Savasci, 2012), asit-baz (Bayrak, 2013; Ghalkhani & Mirzaei, 2018)
gibi O6nemli konularindaki kavram yanilgilarim1 belirlemek i¢in iki-asamali testler
kullanilmistir. Mutlu ve Sesen (2015), iki asamali kavram testi kullanarak termokimya,
kimyasal kinetik, kimyasal denge, asit-baz ve elektrokimya gibi kimya kavramlari ile ilgili
ogrencilerin kavram yanilgilarini tespit etmislerdir. Ozbayrak ve Kartal (2012), iki asamali
kavram testi kullanarak ortadgretim Ogrencilerinin kimyasal bilesikler ile ilgili kavram
yanilgilarim1 aragtirmiglardir. Bunun yaninda, Tiysiiz (2009), lise 6grencileri ile yaptigi
caligmasinda maddenin ayrilmasi ile ilgili kavram yanilgilarini iki asamali kavram tani testi
aracilig ile incelemistir. Ayrica, Uyulgan, Akkuzu ve Alpat (2014), liniversite 6grencilerinin
molekiil geometrisi ile ilgili kavram yanilgilarin1 iki asamali kavram tani testi ile

belirlemislerdir.

Literatiirdeki ¢alismalar, kimyanin temel konularindan olan periyodik tablo konusu ile
iligkili; metal-ametal, asit-baz, iyonik-kovalent, proton sayisi-elektron sayisi ve anyon-katyon

kavram cgiftleri ile ilgili 6grencilerin kavram yanilgilarina sahip olduklarim1 gdstermektedir
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(Avcl, Sesen, & Kirbaslar, 2018; Donmez, 2011; Geggel & Sekerci, 2018; Harman, 2018;
Karamustafaoglu & Ayas, 2002; Nahum, Hofstein, Mamlok-Naaman, & Bar-Dov, 2004,
Nicoll, 2001; Salame, Sarowar, Begum, & Krauss, 2011; Satilmis, 2014; Sesen & Tarhan,
2011; Taber, 2011; Unal, 2002; Unal, Costu & Ayas, 2010). Ogrencilerin kimyanin temel
konularindan sayilan bu kavramlar ile iligkili ¢esitli kavram yanilgilarina sahip olmalar1 bu
calismanin temel ¢ikis noktasini olusturmaktadir. Bu kavramlar ile iliskili kavram
yanilgilarinin belirlenmesi i¢in hazirlanacak olan kavram testi hem alan egitimcilerine hem de

O0gretmenlere 6nemli katkilar1 olacaktir.

Kimyanin o6nemli konularindan biri olan periyodik tablo konusu araciligi ile
elementlerin 6zelliklerinin 6grenciler tarafindan anlagilmasinin kimya egitimi i¢in kritik 6nem
tasidigr sOylenebilir (Bierenstiel & Snow, 2019). Ulusal ve uluslararasi alanda yapilan
calismalar incelendiginde, periyodik tablo konusu ile iligkilendirilerek 6nemli kavram
ciftlerine iligkin Ogrencilerin kavram yanilgilarin1 arastiran c¢alismalarin sayist smirhidir
(Schmidt, Baumgirtner, & Eybe, 2003). Taber (1999), bircok Ogretmenin kavram testi
gelistirmek i¢in yeterli zaman ve donanima sahip olma agisindan sikinti yasadiginmi ifade
etmistir. Bu noktadan hareketle bu ¢alismada; kimyanin 6grenilmesinde temel olan kavram
ciftlerine odaklanmak, bu kavram ciftlerini periyodik tablo ile iliskilendirmek ve 6grencilerin
kavram yanilgilarimi tespit etmek i¢in kullanilabilecek kavram testinin kimya ve fen egitimi

acisindan 6nem tasidigi diisiiniilmektedir.

Yontem

Yapilan ¢alisma iki asamali kavram tani testi gelistirme calismasi olup, bu boliimde
calismanin Orneklemi, arastirmada kullanilan veri toplama aracinin gelistirilmesi, Kimya
Kavram Tan1 Testi (KKTT) ve veri analiz yontemi ile ilgili bilgi sunulmaktadir. Caligmanin
yiiriitebilmesi i¢in 05.02.2019 tarihli ve 35853172-300 sayili Hacettepe Universitesi Etik

Komisyon izni alinmustir.

Calisma Grubu

Calisma, Kuzey Kibris Tirk Cumhuriyeti (KKTC) Milli Egitim ve Kiiltiir Bakanligi,
Genel Ortadgretim Dairesi’ne bagli ortaokul ve lise diizeyinde egitim veren kolejlerde

yiritiilmistir. KKTC’de kolejler, modern standartlar1 ve kaliteleri agisindan egitimin 6nemli
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bir pargasi haline gelmislerdir. Bu nedenle, kolejlerin ¢alismanin amacina uygun oldugu
diistiniilmiistiir. Kolej miifredatlarinda sekizinci siniftan itibaren kimya dersi yer almaktadir.
KKTT’nin giivenirlik ¢alismasina Giizelyurt Tiirk Maarif Koleji ve 19 Mayis Tiirk Maarif
Koleji'nde 6grenim gdrmekte olan 334 kolej dgrencisi katilmistir. Ogrencilerin yaslar1 13-
17 arasinda degismektedir. Ogrencilerin % 57.5’i kiz, %42.5’i erkek ogrencilerden

olusmaktadir.

Calismaya katilan 6grencilerden testin birinci agamasini cevaplayip, ikinci asamasini
cevaplamayan, ya da birinci ve ikinci agamalar i¢in sadece bir segenegi isaretleyen dgrenciler

degerlendirmeye alinmamustir.

Kimya Kavram Tam Testinin Gelistirilmesi

Calismada kullanilan Kimya Kavram Tami Testi (KKTT) arastirmacilar tarafindan
gelistirilmistir. KKTT nin amaci1 6grencilerin metal-ametal, asit-baz, iyonik-kovalent, proton
sayisi-elektron sayis1 ve anyon-katyon kavram ¢iftleri ile ilgili kavramsal anlamalarini ortaya
cikarmaktir. KKTT gelistirilmeden Once literatiirde bu kavramlarla ilgili yapilmis aragtirmalar
incelenmis ve testte yer alan ¢eldiriciler bu kavram yanilgilarindan olusturulmustur (Avci ve
dig., 2018; Donmez, 2011; Geggel & Sekerci, 2018; Harman, 2018; Karamustafaoglu &
Ayas, 2002; Nahum ve dig., 2004; Nicoll, 2001; Salame ve dig., 2011; Satilmis, 2014; Sesen
& Tarhan, 2011; Taber, 2011; Unal, 2002; Unal ve dig., 2010).

Kimya Kavram Tani Testi

KKTT baslangicta 30 soru olarak hazirlanmistir. Her soru iki asamadan olusmaktadir.
Sorunun ilk asamas1 ¢coktan segmeli testlere benzemekte olup, dort seceneklidir. Ikinci asama
yine dort secenekli olup 6grencilerden ilk asamada verdikleri cevabin nedenini belirtmeleri
istenilmektedir. Ikinci asamada yer alan ¢eldiriciler genellikle kavram yanilgilarindan

olusmaktadir.

KKTT’nin degerlendirilmesinde; testin her iki asamasini da dogru yanitlayan 6grenciler
0 sorudan 1 puan, testin birinci ya da ikinci agamalarindan birini ya da her ikisini yanlis
yanitlayan o6grenciler 0 puan almislardir. KKTT nden alinabilecek maksimum puan 30 ve

minimum puan ise 0’dur.

Testteki sorularin her biri ilgili oldugu kavram ¢iftini olusturan kavramlarin ikisini
birlikte ele almaktadir. Testte yer alan iki soru O6rnek olarak asagida verilmektedir. Birinci

soru, iyonik-kovalent kavram ¢ifti ile ilgilidir ve sorunun ilk asamasinda A segenegi dogru
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olup, diger segeneklerin yanit olarak verilmesinin nedeni kavram yanilgisidir. Sorunun ikinci
asamasinda ise Ogrencilerden ilk asamada verdikleri yanitin nedenini belirtmeleri
istenmektedir. Bu asamadaki segeneklerden D segenegi dogru yanittir ve diger secenekler
kavram yamilgisidir. Ikinci soru, anyon-katyon kavram cifti ile ilgilidir. Bu sorunun ilk
asamasinda dogru yanit D secenegi, ikinci asamasinda ise dogru yanit A secenegidir ve her iki

asamadaki diger segenekler kavram yanilgist icermektedir.

Ornek soru 1a) Asagida verilenlere gore, hangi segenekte A, B, C, D ve E dogru yerde

gosterilmektedir?
I. A ve D iyonik bag olusturur.
ii. E ve C kovalent bag olusturur.
iii. A ve D kovalent bag olusturur.

Iv. B ve C iyonik bag olusturur.

1b) Asagidakilerden hangisi yanitinizi en iyi sekilde agiklamaktadir?
a. Kovalent bag ametaller arasinda olusmaz.
b. Iyonik bag ametaller arasinda elektron ortaklasmast ile olusur.
c. Ametaller (hidrojen harig) periyodik tablonun sag tarafinda bulunmaz.

d. Kovalent bag, ametaller arasinda elektron ortaklasmasiyla ve iyonik bag metal ve

ametaller arasinda elektron alis-verisi ile olusur.

Ornek soru 2a)

1 2
H He
3 4 5 6 7 8 9 10
Li | Be B C N | O F | Ne
11 |12 13 (14 [15 [16 [ 17 |18
Na | Mg Al | Si P S | Cl | Ar
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Asagidaki ciftlerden hangi ikisinin olugsmasi miimkiindiir?

a.K'veCa® b.Na*veO c. Ar'veNe d. K'veO?*

2b) Asagidakilerden hangisi yanitinizi en iyi sekilde agiklamaktadir?

a. 1A grubu metalleri +1 yiikli katyonlar, ve 6A grubu ametalleri 2- yiiklii anyonlar

olusturabilirler.

b. 1A grubu metalleri +1 yiiklii katyonlar, ve 2A grubu elementleri 2- yiiklii anyonlar

olusturabilirler.

c. 8A grubu (soy gaz) elementleri hem pozitif hem negatif yiik alabilirler ve ¢ok

reaktiftirler.

d. 1A grubu metalleri +1 yiiklii katyonlar, ve 6A grubu elementleri 1- yiiklii anyonlar

olusturabilirler.

Veri Toplama Siireci

Ogrencilerin daha dnce karsilasmadiklar: diisiiniilerek, iki asamali kavram tan1 testi ile
ilgili on bilgiler verilmistir. Ogrencilere testin her bir asamasinda nasil cevap vermeleri
gerektigi aktarilmigtir. KKTT igin dgrencilere bir ders saati siire verilmistir. Ogrencilerin

goniillii katilimi saglanmustir.

Veri Analizi

KKTT’nin kapsam ve goriiniis gegerligi icin uzman goriisii alinmistir. Testin gilivenirlik
analizleri igin istatistiksel islemler yapilarak Cronbach Alfa i¢ tutarlilik Kkatsayisi
hesaplanmistir. Madde analizinde Ogrenci sayisinin 300-400 veya daha fazla oldugu
durumlarda, grubun test puani en yiiksek alan grubun %27’si ile en diisiikk puani alan
%?27’sinin analize dahil edilmesi tavsiye edilir (Wiersma & Jurs, 1990). Testin toplam
puanlarina gore %27’lik alt ve %27’lik iist gruplar belirlenerek madde analizleri yapilmistir.
Ogrencilerin bilissel alandaki basarilarinin dlgiilmesinde kullanilan en 6nemli yaklasim olarak
kabul goren Bloom taksonomisi (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956), bir grup
psikolog tarafindan giincellenerek Revised Bloom Taksonomisi seklinde kabul gérmiistiir
(Anderson ve dig., 2001). Testin son halinde yer alan maddeler Revised Bloom

Taksonomisi’ne gore siiflandirilirken iki 6gretim iiyesinin goriisline basvurulmustur.
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Bulgular

KKTT’nin kapsam ve goriiniis gegerlikleri i¢in, kimya egitimi alaninda iki &gretim
elemani ve iki uzman kimya 6gretmeni tarafindan uzman goriisii alinmistir. Testin glivenirlik
calismasi 334 6grenci ile yiirtitiilmiistiir. Testin birinci asamasi i¢in gilivenirlik katsayisi .821;
birinci ve ikinci asamast i¢in .879 olarak bulunmustur. Madde analizi sonuglar1 dogrultusunda

hazirlanan Sekil 1°de, testte yer alan maddelerin ayiricilik indeksleri belirtilmektedir.

ayincilikindeksi | 0.1 02 0.3 0.4 05 0.6 07 08 049 1.0

madde 1
madde 2 *

madde 3 %
madde 4 %
madde 5 *

madde & *

madde 7 *

madde 8 %
madde 9 *
madde 10 %

madde 11 *

madde 12 *

madde 13 *

madde 14 *
madde 15 *

madde 16 *
madde 17 *
madde 18 *

madde 19 *

madde 20 *
madde 21 %
madde 22 %

madde 23 %
madde 24
madde 25 *

madde 26 "
madde 27 *

madde 28 *
madde 29 %
madde 30 *

Sekil 1 Testteki 30 Madde icin Madde Ayiricilik indeksleri

Sekil 1 incelendiginde 1.,2.,3.,5.,6.,7.,8.,10.,11.,12.,13.,15. ve 22. maddelerin ayiricilik
indekslerinin .30 degerinden daha kiigiik oldugu belirlenmistir. Diger maddelerin ise ayiricilik
indekslerinin .30 ve daha yiiksek oldugu bulunmustur. Ayiricilik indeksi .40 ve daha biiyiik
madde ¢ok iyi madde, .30 ve .39 arasinda olan madde oldukga iyi madde, .20 ve .29 arasinda
olan madde diizeltilmesi ve gelistirilmesi gereken madde ve .19 ve daha kiiciik madde ise
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diizeltmelerle gelistirilemedigi taktirde testten atilmasi gereken g¢ok zayif madde olarak
yorumlanmaktadir (Bliytlikoztiirk, 2009; Crocker & Algina, 2006; Giiler, 2017; Tekin, 2009).
0 ile 1 arasinda deger alabilen madde giicliik indeksi, 6grencilerin maddeyi dogru cevaplama
ylizdesini yansitmaktadir (Haladyna, 1997). Madde dogru cevaplama yiizdesi arttik¢a kolay,
azaldikca zor olarak degerlendirilebilir (Ozgiiven, 2007). Madde giicliik indekslerinin .50
civarinda olmasi1 beklenmektedir. Ancak, testte goreceli kolay ve zor maddelere yer
verilebileceginden dolay1 giicliik indeksi .50°den diisiik veya yiiksek olan maddeler testte

tutulmustur. Tablo 1°de test maddelerinin giicliik ve ayiricilik indeksleri belirtilmektedir.

Tablo 1 KKTT Madde Analizi Sonuglari

Soru Ust Grup Dogru Alt Grup Dogru  Madde Madde Madde Madde
Yamtlayanlarin Yanitlayanlarin  Giicliik Ayiricihk Varyans1  Standart
Sayisi Sayisi indeksi Indeksi (Rj) Sapmasi
(P))
1 83 73 .87 .06 .82 .90
2 33 5 21 .16 .18 42
3 75 25 .56 .28 .40 .63
4 80 16 .53 .36 .34 .59
5 32 11 .24 A2 21 46
6 32 17 27 .08 .25 .50
7 27 7 .19 A1 A7 41
8 10 3 .07 .04 .07 .26
9 69 4 A1 .36 .26 51
10 70 31 .56 22 A4 .66
11 41 15 31 14 27 .52
*12 58 29 A8 .16 A1 .64
*13 46 10 31 .20 .25 .50
14 74 3 43 .39 .26 51
15 60 9 .38 .28 27 52
16 81 14 .53 37 .33 .58
17 82 5 48 43 .28 .53
18 75 5 44 .39 27 52
19 66 10 A2 31 .29 .54
20 66 6 .40 .33 27 .52
21 70 4 A1 37 .26 51
22 52 15 .37 21 .30 .54
23 84 10 .52 A1 31 .55
24 76 21 .54 31 .37 .61
25 64 6 .39 .32 .26 51
26 85 13 .54 40 .33 57
27 70 16 48 .30 .33 .58
28 82 19 .56 .35 .36 .60
29 70 5 42 .36 27 .52
30 62 3 .36 .33 .24 49
Ortalama A2 27

Testteki her bir maddenin testin tamamu ile tutarliliginin bir 6l¢iitii olan madde toplam
korelasyon degerleri incelendiginde, 1., 5., 6., 7., 8., 10., 11., ve 12. maddeler disindaki diger

maddelerin toplam korelasyonunun .30 degerinden biiyiik oldugu goriilmektedir.
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Madde toplam korelasyon degerleri .30 degerinden kiigiik ve ayiricilik indeksi degerleri
.30 degerinin altinda olan maddeler (1., 2., 3., 5., 6., 7., 8., 10., 11.,12,, 13., 15. ve 22,
Maddeler) testten ¢ikarildiktan sonra KKTT i¢in Cronbach Alpha degerleri yeniden
hesaplanmistir. Yapilan giivenirlik analizleri sonucunda 17 maddeden olusan testin ilk
asamast i¢in giivenirlik katsayisi .857, KKTT nin iki basamag i¢in ise giivenirlik katsayisi
908 olarak hesaplanmistir. Son hali 17 maddeden olusan testin kapsam gecerligini saglamak

i¢in tekrar uzman goriisiine bagvurulmustur ve testin son sekli olusturulmustur.

KKTT’de yer alan maddelerin kavram c¢iftlerine gore dagilimi Tablo 2’de

belirtilmektedir.

Tablo 2 Testte Kalan Maddelerin Kavram Ciftlerine Gore Dagilimi

Kavram Cifti ilgili Madde
Metal-Ametal 4,17,18,20,21,30
Asit-Baz 4,9
Iyonik-Kovalent 14,16,17,18,19,20,21
Proton Sayisi-Elektron Sayist 23, 24, 25,27
Anyon-Katyon 25, 26, 27,28,29,30

KKTT’nde yer alan maddelerden bazilar1 (6rnegin 18, 20 ve 21 gibi) birden fazla
kavram c¢iftine iligkin ders kazanim1 degerlendirmeye yonelik hazirlanmistir. Testlerin kapsam
gecerligini arttirmak igin kullanilabilecek yontemlerden biri de belirtke tablosu hazirlamaktir
(Buytukoztirk, Kilic Cakmak, Akgilin, Karadeniz, & Demirel, 2012). Calismada bu amagcla
hazirlanan belirtke tablosu Tablo 3’de verilmektedir. Belirtke tablosu hazirlanmasi siirecinde,
kimya egitimi alaninda uzman iki 6gretim {iyesi ve bir kimya 6gretmeni ile ¢alisilmistir.
Kazanimlar biligsel slire¢ boyutlarina gore smiflandirilirken uzmanlardan geri doniitler

alinarak gerekli diizeltmeler yapilmistir.
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Tablo3 KKTT Belirtke Tablosu

Kavram Kazanimlar Bilissel Siire¢c Boyutu
Cifti
[}
E
g £ 2
s £ € » £ E E
= < = = o < —_
s = 2 &8 ® &5 &
T < O < A >
Metal- -Periyodik tablodaki yerleri ile elementlerin metal, 4, 30 17, 19, 7
Ametal ametal ve soy gaz olarak iligkilendirir. 18 20 21
-Metallerin elektron verme, ametallerin elektron
alma egilimlerini periyodik tablodaki yerleri ile
iligkilendirir.
Asit-Baz  -Elementleri metal ve ametal olarak tanimlanmas ile 4 9 2
oksitlerinin  asit-baz  karakteri ve elektriksel
iletkenligi arasinda baglanti kurarak, metal ve
ametalleri birbirinden ayirt eder.
Iyonik- -Bazi iyonlarin yiiklerini belirler: 1) 1, 2 ve 3. 14 16, 17, 19, 7
Kovalent gruplardaki metallerin 2) 5, 6 ve 7. gruplardaki 18 20 21
ametallerin
-Iyonik bagi elektrostatik ¢ekim baglaminda anlar.
-Kovalent bagin elektronlarin  ortaklanmasiyla
olustugunu agiklar.
-Iyonik bagin metal ve ametaller arasinda, kovalent
bagin ametaller arasinda oldugunu irdeler.
Proton -Elementlerin ~ periyodik  tablodaki  diizenini 24 23 25, 4
Sayisi- irdeler:1) atom numarasina goére 2) grup ve 27
Elektron  periyotlarda
Sayist -Atomlarin katman-elektron dagilimlartyla
periyodik sistemdeki yerleri arasindaki iliskiyi
kurar.
Anyon- -Elektron alma veya vermeye dayanarak nasil iyon 26 25, 30 28 29 6
Katyon olustugunu agiklar. 27

-Periyodik tablodaki yerler ile yiikk degerleri
arasinda iligki kurar.

-Atomlarin elektron alip vermesini proton ve
elektron sayilar1 baglaminda irdeler.

KKTT’nin igerik gecerligini belirlemek i¢in Revised Bloom Taksonomisi’ne gore
hazirlanan belirtke tablosu Tablo 3’de sunulmaktadir. Testte yer alan maddelerden ikiser
tanesi biligsel alanin hatirlama (remember) ve anlama (understand), besi uygulama (apply),
ikisi analiz (analyze), licer tanesi degerlendirme (evaluate) ve yaratma (create) basamaklarina

karsilik gelmektedir.
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Sonug ve Tartisma

Yapilan ¢alismada, belirlenen kavram giftleri ¢ercevesinde periyodik tablo konusu ile
ilgili 6grencilerin kavram yanilgilarii tespit etmek amaciyla kullanilabilecek gecerli ve
giivenilir iki agsamali kavram testi gelistirilmistir. Kimya i¢in 6nemli bir baglik olan periyodik
tablo konusu, tiim ortadgretim kimya konular ile iligkili olmas1 bakimindan, periyodik tablo
konusu ile ilgili kavram yanilgilarinin veya eksik 6grenmelerin ileriki kimya konularini da
etkileyecegi diisiiniilmektedir. Bu nedenle, calismada fen ve kimyada siklikla kullanilan
kavram ciftleri belirlenerek, periyodik tablo catis1 altinda incelenmesi 6nem tasimaktadir.
Calismada; metal-ametal, asit-baz, iyonik-kovalent, proton sayisi-elektron sayisi, anyon-
katyon gibi kimyanin temel konularinda gegen kavram cgiftleri ile birlikte periyodik tablo
konusu iliskilendirilerek, mevcut kavram yanilgilarin1 ortaya c¢ikarmaya yonelik olarak
kullanilabilecek iki asamali kavram testi sunulmaktadir. Iki asamali kavram tani testleri,
coktan se¢meli testlerdeki sans basarisini azaltarak 6lgmenin gegerlik ve giivenirligini artirir
ve boylece dlgmedeki olasi hatalari en aza indirir (Cakir & Aldemir, 2011; Griffard &
Wandersee, 2001).

Iki asamali kavram tam testleri, 6grencilerin verdikleri yamitlarin nedenlerini de
irdelemeye olanak sagladiklari i¢in kavram yanilgilarinin tespit edilmesinde ¢oktan se¢meli
testlere gore daha ¢ok katki saglamaktadir. Bu calismada baslangigta 30 sorudan olusan testin
birinci asamas1 0grencilerin ne bildiklerini ortaya ¢ikarirken, ikinci asamasi verdikleri yanitin
nedenini belirlemeye yonelik olarak literatiirde yaygin olan kavram yanilgilarindan yola
¢ikilarak hazirlanan ¢eldiricileri icermektedir. Testin kapsam ve goriiniis gecerligi i¢in uzman
goriisii alinmustir. Test, giivenirlik analizleri i¢in 334 ortadgretim Ogrencisine uygulanmustir.
Madde analizlerini yapmak i¢in en basarisiz %27’lik alt grup ve en basarili %27’lik iist
gruplar belirlenmistir. Madde giicliik indeksleri, testte goreceli olarak kolay ve zor sorulara
yer verildigini ifade etmektedir. Yapilan analizler sonucunda, madde toplam korelasyonlar1 ve
ayiricilik indeksleri .30 degerinden kiiciik olan maddeler basarili ve basarisiz dgrencileri
birbirinden ayirt etmemesi nedeniyle testten ¢ikarilmistir. Maddeler testten ¢ikarildiktan sonra
tekrardan giivenirlik analizi i¢in Cronbach’s Alpha degerleri hesaplanmistir. Giivenirlik
analizi sonucunda 17 maddeden olusan testin birinci agsamasi i¢in giivenirlik katsayis1 .857,
birinci ve ikinci asamasi igin .908 olarak bulunmustur. 17 sorudan olusan testin son seklinin

kapsam gegerligini saglamak i¢in tekrardan uzman goriisii alinmigtir.
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Caligmadan elde edilen bulgulardan yola ¢ikarak, gecerligi ve gilivenirligi yapilmus, iki
asamali kavram testi olarak gelistirilen Kimya Kavram Tani Testinin ortadgretim
Ogrencilerinin periyodik tablo konusu ile ilgili kavram yanilgilarinin ve kavramsal
anlamalarinin incelenmesinde kullanilabilecek bir ara¢ oldugu sdylenebilmektedir. Kimyanin
yapi tasi denilebilecek periyodik tablo konusu ile kimyada yaygin kullanilan kavram giftleri
eslestirilerek hazirlanan ve gelistirilen KKTT, fen ve kimya egitimi alaninda c¢alisan
arastirmacilar ve 6gretmenlere kavram yanilgilarini belirlemede yardimer olacaktir. Ayrica iki
asamal1 kavram testleri, 6grenme siirecinde kullanilan yontem ve tekniklerin etkililiginin ve
kavramsal gelisimin izlenmesinde kullanilabilmektedir. Bundan sonra kavram yanilgilar ile
ilgili yapilacak olan calismalarda, farkli kavram ciftleri kullanilmasi veya diger kimya

konulariin ele alinmasinin alana 6nemli katki saglayacagi diisiiniilmektedir.
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Ekler

Chemistry Concept Diagnostic Test

11
Na

1. Which of the following statement is true about elements Na, B and C?
a. Naand B are good conductors of electricity at room temperature.
b. The solution of CO- is basic.

c. The graphite allotrop of carbon conducts electricity and the diamond allotrop conducts
heat.

d. Na form covalent bonds.
e Which of the following statement can best explain your answer?

a. Carbon, in the form of graphite conduct electricity, and in the form of diamond is the

best conductor of heat.
b. Metals are good conductors of electricity.
c. Nonmetals forms covalent bonds.

d. Metals generally forms acidic oxides.

1 2
H He
3 4 5 6 7 8 9 10
Li Be B C N 0 F | Ne
11 [ 12 13 [14 [15 [16 [ 17 |18
Na | Mg Al | Si P S| ]| Ar
19 |20 |2 |22 |23 24 |25 26 |27 28 29 |30 |31 |32 |33 |34 [35 |36
K| C| Sc| Ti \' Cr | Mn | Fe | Co Ni |Cu|Zn | Ga|Ge| As | Se | Br | Kr

2. Which one of the following pairs have both an acid and a base?
a. NHzand HCI b. NHszand NaOH c. Mg(NQOs)2and NaOH  d. NH4" and HCI
e Which of the following statement can best explain your answer?
a. All matters that have hydrogen are acidic, and that have hydroxide are basic.
b. Ammonium is basic and hydrogen chlorine is acidic.
c. Oxides of metals are acidic, and that have hydroxide are basic.

d. Acids donate and bases accept protons.
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3. Which one of the following option has pairs of compounds that have both ionic and
covalent bonding?

a. HClandF, b.HCland MgCl> c. F2and NHz d. NHzand H»
e Which of the following can best explain your answer?

a. lonic bonding forms atoms that are both nonmetals, and covalent bonding forms

between metal and nonmetals.

b. lonic bonding forms between metal and nonmetals, and covalent bonding forms

between metals.

c. lonic bonding forms by sharing electrons, and covalent bonding forms by transfering

electrons.

d. lonic bonding forms between metal and nonmetals by means of the attraction between
oppositely charged ions, and covalent bonding forms between nonmetals by sharing

their electrons.
4. What kind of bonding is formed in H.O molecule?
a. lonic bonding b. Covalent bonding c. Hydrogen bonding d. Metallic bonding
e Which of the following statement can best explain your answer?
a. The covalent bond forms because of oxygen and hydrogen are non-metal.

b. The covalent bond forms by the transferring of one electron from the hydrogen to the
oxygen.
c. The covalent bond forms with the hydrogen which is a metal and oxygen which is a

nonmetal.

d. The covalent bond forms by the transferring of one electron from the oxygen to the

hydrogen.

11 17
Na cl

20
Ca

5. Which one of the following pairs consist of a covalent and ionic compound?

a. CHjand NaCl b.H20 and HCI c.NaCl and CaF; d.CO2 and H2

e Which of the following statement can best explain your answer?
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a. Covalent bonds do not form between nonmetals and ionic bonds do not form between

metals and nonmetals.

b. lonic bonds only form between nonmetals by sharing electrons and covalent bonds form
by transferring electrons.
c. lonic bonds form between metals and nonmetals while covalent bonds form between

nonmetals.

d. Nonmetals are found at the left side and the metals are at the right side of the periodic
table.

1 17
Na Cl

20
Ca

6. Which one of the following statement is true?
a. Naand F atoms have ionic bonding, while O and H atoms have covalent bonding.
b. Cand O atoms have ionic bonding, while O and H atoms have covalent bonding.
c. O and H atoms have ionic bonding, while Ca and Cl atoms have covalent bonding.
d. Cand H atoms have ionic bonding, while Na and F atoms have covalent bonding.
e Which of the following statement can best explain your answer?

a. lonic bonding form between nonmetal atoms by sharing electrons while covalent

bonding is not form between nonmetal atoms.

b. Metals (except hydrogen) are found at the right side of the periodic table and

nonmetals are at left side.

c. Covalent bonding is form with nonmetal atoms by transferring electron/electrons, and

ionic bonding is form between metal and nonmetal atoms by sharing electrons.

d. Covalent bonding is form with nonmetal atoms by sharing electrons, and ionic

bonding forms between metal and nonmetal atoms by transferring electron/electrons.

7. Through the following, which one of the given tables represent the true location for A, B,
C,DandE?

i. A and D form ionic bond.
ii. E and C form covalent bond.

iii. E and D form covalent bond.
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iv. B and C form ionic bond.

T T T TT g F T T T TT]

e Which of the following statement can best explain your answer?
a. Covalent bonding is not form between nonmetals.
b. lonic bonding form between nonmetals by sharing electrons.
c. Nonmetals (except hydrogen) are not at the right side of the periodic table.
d. Covalent bonding is form with nonmetals by sharing electrons, and ionic bonding forms
between metals and nonmetals by transferring electrons.

8. Through the following table, which one of the given elements can form both ionic and

covalent compounds?

aA bB cC dD
e Which of the following statement can best explain your answer?
a. Non-metals tend to form both ionic and covalent compounds.
b. Metals tend to form both ionic and covalent compounds.
c. Noble gases tend to form both ionic and covalent compounds.
d. Transition metal group elements tend to form both ionic and covalent compounds.

9. Through the following which one of the given tables represent the true location for A, B,
C,Dand E?

I. A and B held together by ionic bonding.
ii. D has covalent bonding with C.

iii. D has covalent bonding with B.
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iv. E has no bonding.

c [T T[] d []

e Which of the following statement can best explain your answer?

a. Metal and non-metals have ionic bonding while non-metals have covalent bonding and

noble gases have no bonding.

b. Metal and non-metals have covalent bonding while non-metals have ionic bonding and

noble gases have no bonding.
c. Non-metals have both ionic and covalent bonding.
d. Noble gases have both ionic and covalent bonding.

10. Which of the following particulars is the same for the same group of elements in the

periodic table?

a. Number of neutrons

b. Number of valance electrons

c. Number of protons

d. Number of electrons

e Which of the following statement can best explain your answer?

a. Valance electron number is the group number and the number of electrons in an
atoms’ outermost energy level.

b. Valance electron number is the number of neutrons, and equal with the electron

number for the atoms which are neutral.
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c. While the number of electrons characterize the chemical properties of the elements,

the number of protons do not.

d. The number of protons always equal to the number of electrons for the same element.

11. Which one of the following properties increase both from left to right and above to

below in the periodic table?

a.
b.
C.

d.

Electron and proton numbers
Atomic mass and volume
Electronegativity and electropozitivity

Metallic and nonmetallic properties

e Which of the following statement can best explain your answer?

a. The electron and protons number increase from left to right and above to below in the

periodic table, because of increasing atomic number.

b. The atomic mass and volume increase from left to right and above to below in the

periodic table because of increasing shell number.

c. The electronegativity and electropozitivity increase from left to right and above to

below in the periodic table because of increasing attraction.

d. The metallic and nonmetallic properties increase from left to right and above to below

in the periodic table because of increasing electron number.

1 2
H He
3 4 5 6 7 8 5 10
Li | Be B | C N| O F | Ne
11 |12 13 (14 [15 [16 [17 |18
Na | Mg Al | Si P S| alAr
19 |20 |21 |22 |23 24 | 25 2% | 27 28 29 [30 [31 [32 [33 |38 [35 |36
K| Ca| S| T Vi Cr [Mn| Fe | Co Ni | Cu|Zn | Ga | Ge| As | Se | Br | Kr

12. According to the following table, which one of the following statements is true?

Element or lon Number of protons | Number of electrons
a. | Ca 20 18
b. | Br 35 36
c. | Ca** 18 18
d. | Br 35 36
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e Which of the following statement can best explain your answer?

a. The loss of an electron from a neutral atom gives a positively charged, and the gain of

an electron by a neutral atom gives a negatively charged.

b. The gain of an electron by a neutral atom gives a positively charged, and the loss of an

electron from a neutral atom gives a negatively charged.

c. Group 1A elements on the periodic table has one more electron number than proton

number.

d. Group 7A elements on the periodic table has one more electron number than proton

number.
13. What does it become when an atom loss an electron?
a. The ion with negative charge form.
b. The ion with positive charge form.
c. The electron number increases.
d. The proton number increases.
e Which of the following statement can best explain your answer?
a. The ion that has positive charge called cation.
b. If an electron loses, it will be a negative charge.
c. The ion that has negative charge called anion.
d. The electron will turn into a proton.
14. According to the following table, which one of the following statements is true?

(Sodium has atomic number as 11 and chlorine has 17)

Element or lon Number of protons | Number of electrons
a. | Na 11 10
b. | Cl 17 18
c. | Na* 10 11
d. | CI 17 18

e Which of the following statement can best explain your answer?

a. The loss an electron from a neutral atom gives a negatively charged.
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The gain an electron by a neutral atom gives positively charged.

Alkali metal atoms have a single electron in their valance shell and by losing this

electron the alkali metal converted to a cation.

Halogen atoms have 7 valance electrons in their valance shell and by gaining an

electron the halogen converted to an anion.

8A
2
34 4A SA 6a  T7A | He
5 6 7 8 9 10
B C N 0] F | Ne

15. How many electron/electrons must oxygen (Z:8) gain/lose to attain noble gas electronic

configuration?

a. Loss 2 electrons
b. Gain 2 electrons
c. Loss 3electrons
d. Gain 3 electrons
Which of the following statement can best explain your answer?

Oxygen, a group 3A element, has the electron configuration 1s?2s?2p* and needs to

loss 3 electrons to reach an octet.

Oxygen, a group 6A element, has the electron configuration 1s?2s?2p* and needs 2

more electrons to reach an octet.

Oxygen, a group 6A element, has the electron configuration 1s?2s?2p* and needs to

loss 2 electrons to reach an octet.

Oxygen, a group 6A element, has the electron configuration 1s?2s?2p* and needs to

gain 3 electrons to reach an octet.

1 2
H He
3 4 5 6 7 8 9 10
Li Be B C N 0] F | Ne
1 | 12 13 |14 [15 [16 |17 [ 18
Na | Mg Al Si P S Cl | Ar

16. Which one of the following pairs both are likely to exist?

a. KtandCa®* Db.Na®" andO c. ArfandNes d. K'and O*

Which of the following statement can best explain your answer?
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a. Group 1A metals form +1 charged cations, and group 6A nonmetals form 2-
charged anions.

b. Group 1A metals form +1 charged cations, and group 2A elements form 2-
charged anions.

c. Group 8A elements (the noble gases) are very reactive that they can have both
positively and negatively charged.

d. Group 1A metals form +1 charged cations, and group 6A elements form 1-

charged anions.

1 2
H He
3 |4 5 6 7 8 9 10
Li Be B C N o] F | Ne
1 |12 13 |14 |15 [16 |17 |18
Na | Mg Al Si P S Cl | Ar
19 |20 |21 |22 |22 2 | s % | 27 28 29 [30 |32 [32 |33 |2 |35 |36
K| Ca|Sc|Ti V' Cr |[Mn| Fe| Co| Ni |Cu|Zn | Ga| Ge| As | Se | Br | Kr

17. Which one of the following statement is true about anions and cations?

a.

b.

Iron can form both Fe?* and Fe®* ions.

Group 1A and 2A metals form 1- and 2- charged ions to achieve a noble gas

configuration.

Lithium can form Li.

Fluorine can form F*.

Which of the following statement can best explain your answer?

The metals form anions by losing one or more of their electrons.

Transition metals form cations that can have more than one charge.

For nonmetals in groups 5A, 6A and 7A, cation charge = 8 — (group number)

For 1A and 2A metals, anion charge = group number
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