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INVESTIGATION OF SCIENTIFIC LITERACY ACCORDING TO DIFFERENT
ITEM TYPES: PISA 2015 TURKEY SAMPLE

Esin YILMAZ KOGAR?, Hakan KOGAR?

ABSTRACT

The aim of the present study was to reveal the psychometric properties of the items in the cognitive test of PISA 2015 assessing
scientific literacy according to different item types and to examine scientific literacy in relation to different independent
variables. In the sample of PISA 2015 Turkey, 175 students from 5895 students were included in the study with the aim of
researching. Descriptive statistics and various hypothesis tests were used to obtain the findings of the research. When scientific
literacy and item difficulty averages for all three item types were examined, students with a high level of scientific literacy
level were more successful at responding to constructed response (CR) items, while students with a low level of scientific
literacy were more successful at answering multiple choice (MC) items. Male students were more successful than female
students in responding to MC and complex multiple choice (CMC) items, while female students were more successful than
male students in answering CR items. It was found that students with a high level of economic, social and cultural status were
more successful than those with a low level of economic, social and cultural status.

Keywords: Item types, PISA, scientific literacy, multiple choice items, complex multiple choice items, constructed response
items

FARKLI MADDE TURLERINE GORE FEN OKURYAZARLIGININ
INCELENMESI: PISA 2015 TURKIYE ORNEGIi

oz

Bu arasgtirmanin amaci, farkli madde tiirlerine gére PISA 2015 fen okuryazarligi biligsel testinde yer alan maddelerin
psikometrik ozelliklerini ortaya koymak ve farkli madde tiirlerinden elde edilen fen okuryazarligi puanlarini farkli bagimsiz
degiskenlere gore incelemektir. PISA 2015 Tiirkiye 6rnekleminde yer alan 5895 dgrenciden, aragtirmanin amaci dogrultusunda
175 6grenci ¢alismaya dahil edilmistir. Arastirmaya iki fen kiimesinde yer alan toplam 35 fen okuryazarligi maddesi alinmistir.
Aragtirmanin bulgularini elde edebilmek i¢in betimsel istatistikler ve ¢esitli hipotez testleri kullanilmistir. Coktan segmeli (CS)
maddelerin daha kolay olmasinin yaninda ayirt ediciliginin oldukga diisiik oldugu; cevab1 yazilan (CY) maddelerin ise diger
madde tiirlerine gore zor ve ayirt ediciliginin daha yiiksek oldugu belirlenmistir. Karmagik ¢oktan segmeli (KCS) maddelerin
ise CS maddeleri ile benzer bir madde giigliigiine sahip olmasiyla birlikte, ayirt ediciliginin CS maddelerine gore daha yiiksek
oldugu sonucuna varilmistir. Ug ayr1 madde tiiriindeki fen okuryazarlig: ve madde giicliik ortalamalar1 incelendiginde, fen
okuryazarlik diizeyi yiiksek olan ogrencilerin CY maddelerinde; fen okuryazarlik diizeyi diisiik olan dgrencilerin ise CS
maddelerinde daha bagarili oldugu belirlenmistir. Bu ¢aligmada kullanilan madde tiirii siniflandirmasi1 PISA 2015 uygulamasina
aittir. Farkli madde tiirii stniflandirmalari ile bu arastirma tekrar edilebilir. Ayrica fen okuryazarlik diizeyi diisiik, orta ve ytliksek
olan iilkelerden elde edilecek drneklemler lizerinden benzer bir ¢aligma yiiriitiilebilir. Bu arastirma dogrultusunda Tiirkiye’de,
ozellikle merkezi sinavlarda farkli soru tiirlerinin birlikte kullanilmas1 yoniinde atilan adimlarin olumlu sonuglar verebilecegi
diisiiniilmektedir. Farkli madde tiirlerinin fen bagarisinin belirlenmesinde birlikte kullanilmasi 6nerilmektedir.

Anahtar Kelimeler: Madde tiirii, PISA, fen okuryazarligi, ¢oktan segmeli maddeler, karmasik ¢oktan segmeli maddeler, cevabi
yazilan maddeler
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1. INTRODUCTION

Large-scale tests are used in many countries to determine student success at national and international levels. The
items in these tests can be in various formats, such as multiple choice, true false, blank-filling, short response, and
open-ended. These different types of items are generally categorized based on the type of response required: items
necessitating the selection of the correct response (selected-response - SR) and items requiring a written response
(constructed-response - CR) (Haladyna & Rodriguez, 2013; Osterlind, 1998). In SR items correct and incorrect
alternatives are given and the test taker is required to select one of the alternatives. SR is the most frequently used
item type in large-scale achievement tests (Bleske-Recheck, Zeug, & Webb, 2007; Osterlind, 1998). On the other
hand, in CR items no alternatives are given; the test taker is required to express his/her response by means of
words, statements, figures etc. CR items may entail tasks such as solving problems, writing essays, or drawing
diagrams or graphs (Lukhele, Thissen, & Wainer, 1994).

The most widely used item types among SR items are multiple choice (MC) and true-false (TF) items (Osterlind,
1998). MC items include a question or an incomplete statement generally accompanied with a correct alternative
and various numbers of incorrect alternatives called distractors (Haladyna & Rodriguez, 2013). On the other hand,
TF items, which are a popular type of item among SR items, require selecting between two alternatives (Haladyna,
1992) or consist of a root and a series of alternative responses (Frisbie & Druva, 1986). Although TF items
substantially resemble MC items in format, the fundamental difference between the two item types is that while
there is only one correct response in MC items, TF items may include varying numbers of correct responses or
true-false patterns (Dudley, 2006). TF items are quite often called complex multiple choice (CMC) items
(Haberkorn, Pohl, & Carstensen, 2016; Frishie & Sweeney, 1982). While SR items are generally scored in two
categories (correct: 1; incorrect: 0), CR items include numerous categories and are scored ractionally (Kinsey,
2003).

Each item type has its own advantages and disadvantages. The advantages that multiple choice items provide can
be listed as follows: (a) scoring the items and analysing these scores easily (Bible, Simkin, & Kuechler, 2008), (b)
preventing students from losing points based on language deficiencies such as grammar, writing or punctuation
errors (Zeidner, 1987), (c) being free of scorer bias (Walstad, 1998), (d) being able to construct the test with
empirical proof (item analyses etc.) (Ben-Simon, Budescu, & Nevo, 1997), (e) being able to collect data from a
large scale in an effective and easy way (Dufresne, Leonard, & Gerace, 2002). However, it also has disadvantages,
such as the requirement of a large sample size to develop a MC test with a high degree of reliability (Bacon, 2003),
the possibility of arriving at the correct answer by eliminating the other alternatives (Bush, 2001; Hobson &
Ghoshal, 1996), the difficulty of preparing the test when there is no test bank at reach (Brown, Bull, & Pendlebury,
1997) and the fact that items of MC tests that are not written in accordance with test writing principles conceal
students’ knowledge rather than disclose it (Dufresne et al., 2002). As for the advantages and disadvantages of TF
items, measuring educational success in a explicit, simple and effective way can be regarded as the main advantage,
while the disadvantages can be stated as the categorical responses that necessitate justification but do not require
verification and the possibility of arriving at the correct response by chance (Ebel, 1970). Furthermore, Frisbie and
Sweeney (1982) state that students are more successful in responding to these items when compared with MC
items, and that TF items are more advantageous than MC items as more responses are obtained in a shorter period
of time with these items. However, the conception that CR items measure the ability to solve real life problems
better than SR items (Bacon, 2003; Fenna, 2004; Hancock, 1994; Rogers & Hartley, 1999) has led to the use of
CR items in large-scale items as well. On the other hand, the disadvantageous aspects can be listed as SR items’
requiring great effort in ensuring objectivity (training of the raters/scorers in how to score each item etc.) (Bennett
et al., 1990) and their having a lower level of content validity when compared to that of CS items.

Every kind of response type has both advantages and disadvantages. Hence, to eliminate the disadvantages inherent
in each type of item, Martinez (1999) recommends that tests should include a combination of different types of
items. Today, different types of items are commonly employed in many large-scale tests, and it is considered that
the validity of assessments is thus increased (Griffo, 2011). Examples of these tests are National Assessment of
Educational Progress (NAEP), Test of English as a Foreign Language (TOEFL), Trends In International
Mathematics and Science Study (TIMSS) and Programme for International Student Assessment (PISA). The
present study focuses on PISA — a project of the Organisation for Economic Co-operation and Development
(OECD), which is administered every three years to 15-year-old students who have received at least seven years
of education. In PISA 2015, the focus of assessment was on scientific literacy, with reading skills, math literacy
and collaborative problem solving as minor areas of assessment. In addition, PISA 2015 included the assessment
of financial literacy, which was optional for countries and economies (OECD, 2016a). In PISA, either math or
scientific literacy is identified as the primary domain and the remaining skills in the two domains are assessed
comparatively and in a less detailed manner (OECD, 2009). In PISA 2015, the primary domain was scientific
literacy. PISA 2015 consisted of a combination of multiple choice items and items requiring constructed responses.
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Three classes of items are used to assess the competencies and scientific knowledge identified in the framework
(OECD, 20164, p.41):

e simple multiple choice: items calling for

- selection of a single response from four options

- selection of a “hot spot”, an answer that is a selectable element within a graphic or text
e complex multiple choice: items calling for

- responses to a series of related “Yes/No” questions that are treated for scoring as a single item (the
typical format in 2006)

- selection of more than one response from a list
- completion of a sentence by selecting drop-down choices to fill multiple blanks

- drag-and-drop” responses, allowing students to move elements on screen to complete a task of
matching, ordering or categorising

e constructed response: items calling for written or drawn responses: Constructed-response items in
scientific literacy typically call for a written response ranging from a phrase to a short paragraph (e.g. two
to four sentences of explanation). A small number of constructed-response items call for drawing (e.g. a
graph or diagram). In a computer-based assessment, any such item is supported by simple drawing editors
that are specific to the response required.

There are numerous studies in literature that investigate item type with respect to the gender variable. In some of
these studies, it was found that males were more successful than females in responding to multiple choice items
(Bell & Hay, 1987; Bolger & Kellaghan, 1990; Breland et al., 1994; Bridgeman & Lewis, 1994; Lumsden & Scott,
1987, 1995; Murphy, 1982; Walstad & Robinson, 1997; Zhang & Manon, 2000). However, in a study by Ghorpade
and Lackritz (1998), no significant difference between the results of females and males in multiple choice items
were found. As for items requiring constructed responses, in most studies that were conducted, it was found that
females were more successful when compared to males (Bible et al., 2008; Bolger, 1984; Ghorpade & Lackritz,
1998; Harris & Kerby, 1997; Lumsden & Scott, 1987; Murphy, 1980, 1982; Schwabe, McElvany, & Trendtel,
2015; Zhang & Manon, 2000). However, some studies reported an insignificant impact of gender upon student
success with respect to type of item (Chan & Kennedy, 2002; Bacon, 2003; Greene, 1997; Walstad & Becker,
1994). Arthur and Everaert (2011) examined the success level of bachelor and master’s students’ in a financial
accounting exam by gender. In this study, it was found that among bachelor students, females were more successful
than males in multiple choice and open-ended questions. On the other hand, in the master’s group, it was found
that, when compared to males, females showed a higher level of performance only in the open-ended questions.
Beller and Gafni (2000) examined whether or not the performances of female and male students varied across
multiple choice and open-ended responses in the math test of the International Assessment of Educational Progress
(IAEP), conducted in the years 1988 and 1991. It was found that in the 1988 test the impact of gender was higher
upon multiple choice items, whereas in the 1991 test the impact of gender was higher upon the open-ended items.
Owing to these varying results, researchers suggested that the difference between the math performance in
accordance with item type should not be accounted for solely by gender differences. According to this study in
literature, there are no firm results regarding the relationship between item type and gender variables. In the present
study, gender is treated as a variable. In addition, as stated by Beller and Gafni (2000), with the conception that
students’ performances in different types of items can be affected by other variables, students’ economic, social
and cultural status could be added as another variable since the findings of numerous studies indicated that this
variable affected student success (Baker, Goesling, & LeTendre, 2002; Berberoglu et al., 2003; Chiu, 2007; Klein,
1971; Koutsoulis & Campbell, 2001; Topcu & Yilmaz-Tiiziin, 2009). However, no study examining both students’
success regarding item type and their economic, social and cultural status were encountered in the related literature.
For this reason, assuming that this variable can also have an impact on success in relation to item type, the variable
of economic, social and cultural status was also included within the scope of the present study.

1.1. The Aim of the Study

The aim of the present study was to reveal the psychometric properties of the items in the cognitive test of PISA
2015 assessing scientific literacy according to different item types and to examine scientific literacy in relation to
different independent variables. Thus, in this study the responses to the following research questions were sought:

1- What are the descriptive statistics of different item types used in the cognitive tests for science and math
literacy and reading skills?
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2- What are the descriptive statistics of different item types used to assess science content knowledge for
scientific literacy?

3- Is there a significant difference between item difficulty indices and item discrimination indices of
different items in the scientific literacy test?

4-  What are the mean, standard deviation and item difficulty averages of students’ scientific literacy levels
according to three different item types?

5- Do students’ mean scores and standard deviations of different item types vary by gender?

6- Do students’ mean scores and standard deviations of different item types vary by the economic, social
and cultural status (ESCS) index?

1.2. The Importance of the Study

There are numerous different reasons underlying the interest in studying different types of items. A study by Bible
et al. (2008) lists these reasons as follows: reliable and valid assessment of students’ knowledge, the access to
course materials that ensure the designation of fair marks to students, the desire to develop tests that assess student
expertise in an effective and objective way, the desire to receive feedback about the effectiveness of educational
methods and pedagogies, and the preparation of new graduates for their fields of expertise. Furthermore, it is
believed that different types of items activate different cognitive processes (Becker & Johnston, 1999; Bridgeman
& Rock, 1993; Kennedy & Walstad, 1997; Kuechler & Simkin, 2003; Walstad & Becker, 1994). Hence, tests
prepared using different types of items have gained increasing importance. In Turkey numerous exams are
administered by OSYM (Student Selection and Placement Center). One of the these exams is LYS (University
Entrance Exam). It has been declared in the OSYM 2017 guide that short response questions will be included in
the exam as of the following year. But this approach has not been continued in the following years. The notion
that using a single type of item in tests prevents gaining sufficient knowledge about the test taker has started to
have an impact on many achievement tests. For these reasons, this study, which is based on different item types in
use in Turkey, is regarded to be of significance for educational sciences.

2. METHOD

This study, which aimed to examine the distribution of different item types in the cognitive tests and the success
rates of the different item types in the primary scientific literacy cognitive test in relation to the variables of gender
and economic, social and cultural status, employed a survey design.

2.1. Population and Sample

540 students participated in PISA 2015 (OECD, 2016b) as representatives of 29 million 15-year-old students
receiving education at schools across 72 participant countries and economies. A total of 5895 students from
Turkey, who were selected according to the Classification of Statistical Region Units (SRU), participated in PISA
2015. These students, who were grouped based on the type of school they were enrolled in, were selected by the
PISA International Center via random sampling from 187 schools representing 12 regions and 57 cities. In order
to examine both the old and new scientific literacy items together, the first 18 science sets were taken into
consideration. A set selected randomly from these 18 sets formed the sample of this study. Science set number 2
was included in the sample of the research study. The forms included in this set were Form-32, Form-41, Form-
44, Form-53, Form-56, Form-65, Form-77, Form-80, Form-89 and Form-92. The total number of students included
in the sample was 175. As sample selection was done based on test design, detailed information is presented in the
section on data collection tools.

2.2. Data Collection Tools

In PISA 2015, the cognitive tests were administered via either paper-and-pencil or computer-based testing. While
the paper-and-pencil assessments included reading, science and math items that were formerly used, the computer
based assessments included new items. PISA 2015 was administered as either paper-and-pencil or computer-based
testing depending on the country’s preference. There was a total of 96 different forms — 30 different forms for the
paper-and-pencil test and 66 different forms for the computer-based test. As the administration for the sample from
Turkey was made via the computer, from hereby information about the computer-based administration will be
given.

The computer-based administration was designed as a two-hour test. As the primary domain was scienc literacy
in the 2015 PISA administration, the students completed the test by allocating one hour to the assessment of science
and another hour — 30 minutes each — to any two of math, reading, or collaborative problem solving assessments.
In the PISA 2015 cognitive test administration, a different test design was employed from the previous
implementations. The items were placed in the forms of the computer-based implementation as follows:
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1. The forms included four groups of items. While two of these groups definitely included items related to scientific
literacy, the other two groups consisted of items related to math literacy, reading literacy and/or collaborative
problem solving skills.

2. Two sets making up the scientific literacy was subdivided into 12 different sets (F1-F2). These 12 sets formed
36 possible science sets with varying pairwise rotations.

Table 1 presents information regarding combination of science sets of scientific literacy items (OECD, 2016c,
pp.16-17). In the first 18 science sets, there were both old and new scientific literacy items, in sets between 19-33,
there were only new scientific literacy items and in sets 34 and 36, there were only old scientific literacy items.

Table 1.

Combinations of Science Clusters Belonging to Scientific Literacy Items

N S S N S S N S S N S S N S S N S S
1 01 o7 7 04 10 13 09 02 19 o7 08 25 09 11 31 12 07
2* 01 10 8 05 11 14 09 06 20 08 09 26 10 O07 32 12 09
3 02 08 9 06 12 15 10 03 21 O7 11 27 10 09 33 12 11
4 03 09 10 O7 06 16 11 02 22 08 10 28 10 12 34 02 04
5 03 12 112 08 01 17 11 04 23 08 12 29 11 08 35 05 01
6 04 07 12 08 05 18 12 05 24 09 08 30 11 10 36 06 03

*Selected combination in research

3. There were six different groups in each of the test forms in these 36 science sets with 66 test forms placed
randomly. Every student was randomly assigned a number between 1 and 6. By taking into consideration the
student’s form number and the randomly assigned number, the two sets of science items the student was to answer
was determined. For more and detailed information, the OECD document (2016c¢) can be referred to.

The least administered form in Turkey was Form-75, which was administered to 14 students, while the most
administered form was Form-93, which was administered to 230 students.

The properties of the items in the F1 and F10 science sets, selected for this study, are presented in Table 2. In the
two science sets selected for this study, there were eight (five old, three new) multiple choice items, 16 (eight old,
eight new) complex multiple choice items and 11 (five old and six new) open-ended items. In these science sets,
there was a total of 35 scientific literacy items.

Table 2.
Distribution of Items in Selected Set Combination for Research
Item Type F01 (old) F10 (new) Total

f % f % f %
Multiple Choice (MC) 5 27.78 3 17.65 8 100.00
Complex Multiple Choice (CMC) 8 44.44 8 47.06 16 100.00
Constructed Response (CR) 5 27.78 6 35.29 11 100.00
Total 18 100.00 17 100.00 35 100.00

2.3. Analysis of Data

Different descriptive statistics were computed for the total scores and items obtained from the different item types
of the PISA 2015 scientific literacy. Whether or not there was a significant difference between item difficulty
indices and item discrimination indices of the items in the scientific literacy tests of different item types was
examined using the Kruskal Wallis H test. This test was preferred since the number of items was small. Moreover,
whether average scores obtained from different test types varied by gender and economic, social and cultural status
was examined by means of t tests for independent sample groups. Whether average scores obtained from each item
type varied depending on the level of the student was examined via one-way ANOVA. The significance level was
set at .05. For significant differences, effect sizes were calculated.

In order to compare the scores obtained from different types of items, the responses given to MC, CMS and CR
items were rescored, assigned 1 to completely correct answers and 0 to all other possible responses. All the scores
and average scores for each item type was calculated in this way. The economic, social and cultural status index
for Turkey was -1.448 on average. Those students who received an index value equal to or below this value was
defined as the “lower” status group and those who scored a higher value was defined as the “higher” status group.
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3. FINDINGS

The descriptive statistics for the different item types used in the cognitive tests for scientific literacy, math literacy
and reading skills are presented in Table 3. There were 103 items assessing reading skills in PISA 2015. 34.95%
of these items were MC, 11.65% were CMC and 53% were CR items. In the cognitive test where reading skills
were assessed, it was observed that the highest number of items were CY and the lowest number of items were
CMC items. As for the 81 items assessing math literacy, 24.70% consisted of MC items, 17.28% consisted of
CMC items and 58.02% consisted of CR items. In the math literacy cognitive test, the highest number of items
were SR type of items, then followed MC and the lowest number of items were CMC. The primary domain of
scientific literacy in PISA 2015 consisted of 184 items. Of these, 29.35% were MC, 35.87% were CMC and
34.78% were CR items. In the scientific literacy test, the highest number of items were CMC and the lowest
number was MC items. In PISA 2015 there was a total of 368 items assessing reading skills, and science and math
literacy. Of these, 29.89% were MC items, 25.00% were CMC items and 45.11% were CR items. In the cognitive
tests assessing these three domains, the highest number of items were MC and the lowest number of items were
CMC items. In all three of the cognitive tests, that the number of CR item type was the highest was an interesting
finding.

Table 3.
Distribution of Items Used in PISA 2015 Cognitive Test
ltem Type Reading Mathematic Science Total

f % f % f % f %
Multiple Choice 36 3495 20 24.70 54 29.35 110 29.89
Complex Multiple Choice 12 1165 14 17.28 66 35.87 92 25.00
Constructed Response 55 53.40 47 58.02 64 3478 166  45.11
Total 103 100.00 81 100.00 184 100.00 368 100.00

The distribution of the item types used to assess the science content knowledge for scientific literacy is presented
in Table 4. When Table 4 is examined, it can be observed that in the cognitive test for scientific literacy, the
“Living Systems” knowledge of science category had the highest number of items. Of these, 31.08% were MC
and CMC items, and 37.84% consisted of CR items. Of the 49 items assessing earth and space systems, 12.24%
were MC items, 53.06% were CMC items and 34.69% consisted of CR items. Of the 61 items assessing physical
systems, 40.98% were MC items, 27.87% were CMC items and 31.15% consisted of CY items. In the cognitive
tests assessing these three science categories of knowledge, the highest number of items was CMC and the lowest
number was MC type of items.

Table 4.
Distribution of Items Used in Content Knowledge of Science

Earth and Space

ltem Type Living Systems Systems Physical Systems Total

f % f % f % f %
Multiple Choice 23 31.08 6 12.24 25 40.98 54 29.35
Complex Multiple Choice 23 31.08 26 53.06 17 27.87 66 35.87
Constructed Response 28 37.84 17 34.69 19 31.15 64 34.78
Total 74 100.00 49 100.00 61 100.00 184  100.00

The findings obtained from the examination of the item difficulty indices of the total 35 items in the two science
groups selected for this study are presented in Table 5. According to the responses given to the eight MC items
assessing scientific literacy, the average item difficulty index was .42; according to the responses given to the 16
CMC items, the average item difficulty index was .36 and according to the responses given to the 11 CR items,
the item difficulty average was .23. The most difficult type of item in the test was the MC, while the easiest type
of item was the CMC. While the item difficulty indices of CMC and CR items showed a normal distribution, the
item difficulty indices for MC did not portray a normal distribution. According to the findings of the Kruskal
Wallis H test, it was found that the item difficulty indices of the items in the scientific literacy test varied across
item types (p<.05). It was found that the item difficulty indices for the MC and CMC items were higher than those
of CR items. MC and CMC items were easier than CR items.
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Table 5.

Item Difficulty of Different Item Type

Desgrl_ptlve MC CcMC CR Sglent|f|c Kruskal WallisH  p  Significant Difference
Statistics Literacy

N 8 16 11 35

Mean 42 .36 .23 .33

Std Dev. 21 17 10 .18

Ranj .69 .61 37 .84 MC - CR
Variance .05 .03 .01 .03 6.65 .036 CMC-CR
Minimum 21 .06 .07 .06

Maximum .90 .67 44 .90

Skewness 1.84 -.04 71 .99

Kurtosis 4.09 -.68 .66 1.66

The findings obtained as a result of the examination of the item difficulty indices of the total 35 items in the two
science sets selected for this study are presented in Table 6. The item discrimination indices for MC, CMC and
CR items were .13, .25 and .39, respectively. The highest level of item discrimination was observed for CR items,
while the lowest level was for MC items. While the item discrimination indices for CMC and CR items showed a
normal distribution, those for MC did not display a normal distribution. According to the findings of the Kruskal
Wallis H test, it was observed that the item discrimination indices of the items in the scientific literacy test varied
by item type (p<.01). It was found that the item discrimination indices for CR items were higher than those for
MC and CMC items, and the item discrimination indices for CMC were higher than those for MC items. As such,
the items that had the highest discrimination power were CR items and the ones with the lowest discrimination
power were the MC items. This significant difference had a high effect size (eta-square=.15).

Table 6.

Item Discrimination of Different Item Type

Desc;rl.ptwe MC CMC CR Sg|ent|f|c Kruskal WallisH p  Significant Difference
Statistics Literacy

N 8 16 11 35

Mean 13 .25 .39 27

Std Dev. .09 10 .09 13

Ranj .23 .33 27 .55 CR-MC
Variance .01 .01 .01 .02 18.74 .000 CR-CMC
Minimum .02 A1 .29 .02 CMC - MC
Maximum .25 44 .57 57

Skewness .23 57 .87 A1

Kurtosis -1.97 -.32 .09 -.36

The means, standard deviations and item difficulty averages of all three different types of items according to the
students’ scientific literacy levels are presented in Table 7. A large majority of the students included in the sample
of this study were at level 1a or level 2 of scientific literacy. There was only one student who was above level 3 in
scientific literacy. The students with the highest success levels in MC and CMC items were at level 2 and the
student with the highest success level in CR items was at level 5. When MC items were examined, it was observed
that the students at levels 1a and 2 in scientific literacy were more successful than the students at the other levels.
Students at levels 2 and 5 in scientific literacy in CMC items were more successful than those at other levels.
Students at levels 3 and 5 in scientific literacy in CR items were more successful than those at other levels. Among
all the different types of items, the item type for which the highest number of correct answers were given was MC
(45%) and these students were at level 2. On the other hand, the item type for which the lowest number of correct
answers were given was CR (21%) and again these students were at level 2. The student at level 5 in scientific
literacy had answered 83 of the MC and CMC items and 36% of the CR items correctly. This significant difference
had a high effect size (eta-square=.52).
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Table 7.
Means, Standard Deviations and Average of Item Difficulties of Different Item Types According to The Level of
Scientific Literacy of Students

Item Type
Level of Scientific literacy of ~ Multiple Choice Complex Multiple  Constructed Response
Students Choice N
X SD p X SD p X SD p

1b 326 1.10 41 595 239 37 242 236 22 19
la 341 136 43 541 2.69 .34 241 225 22 68
2 356 143 45 6.32 297 40 234 239 21 59
3 311 129 39 589 241 37 261 217 24 28
5 3.00 - .38 6.00 - .38 4.00 - .36 1
6 - - - - - - - - - -

Whether or not the average scores obtained for each item type varied depending on scientific literacy level of
students — excluding the student whose scientific literacy level was 5 — was examined via one-way ANOVA.
According to the ANOVA findings, no significant difference was found among the MC (F3-170)=.78, p>.05), the
CMC (F@170=1.19, p>.05) and the CR (F-170=.09, p>.05) types of items with respect to student levels.

The findings regarding the examination of average student scores obtained from different types of items with
respect to the gender variable are presented in Table 8. Male students were found to be more successful than female
students in responding to MC and CMC items. On the other hand, female students were found to be more successful
than male students in responding to CR items. Whether or not average scores obtained from each type of item
varied by gender was examined using t tests for independent samples. No significant difference was found by
gender with respect to MC (tu73=1.00, p>.05), CMC (t173=.04, p>.05) and CR (tu73=.41, p>.05) types of items.

Table 8.

Average Student Scores Obtained from Different Types of Items with Respect to he Gender Variable

Item Type Gender N X SD t df p

MC Female 86 3.29 1.41 1.00 173 317
Male 89 3.49 1.27

CMC Female 86 5.85 2.71 .04 173 .968
Male 89 5.87 2.74

CR Female 86 2.50 2.42 41 173 .684
Male 89 2.36 2.13

The findings obtained as a result of the examination of average student scores of different types of items in relation
to the economic, social and cultural status index are presented in Table 9. Whether or not average scores obtained
from each type of item varied by economic, social and cultural status was examined using t tests for independent
samples. No significant difference was found economic, social and cultural status with respect to MC (t173=2.43,
p<.05), CMC (t173=3.30, p>.01) and CR (t173=3.52, p>.01) types of items. The students with a high economic,
social and cultural status were found to be more successful when compared to those with a lower level of economic,
social and cultural status. The significant findings as regards the CMC (eta-square=.06) and CR (eta-square=.07)
items had a moderate effect size, while those regarding the MC (eta-square=.03) items had a small effect size.

Table 9.

Average Student Scores Obtained from Different Types of Items with Respect to the ESCS Variable

Item Type ESCS N X SD t df p

MC Low 87 3.15 1.34 2.43 173 .016
High 88 3.64 1.36

CMC Low 87 5.20 2.50 3.30 173 .001
High 88 6.51 2.77

CR Low 87 1.84 2.09 3.52 173 .001
High 88 3.01 2.31

4. DISCUSSION and RESULTS

The present study aimed to reveal the psychometric properties of the items in the scientific literacy cognitive test
of PISA 2015 according to different item type and examine scientific literacy based on different independent
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variables. When the descriptive statistics of different types of items used in the science and math literacy and the
reading skills cognitive tests were examined, it can be concluded that one of the most frequently used item types
in all three cognitive tests was CR items. This can be accounted for with the recent growing interest laid upon item
types in which students provide a written response in wide-scale exams. It can be observed that along with MC
item types, the TIMSS 2015 implementation also included many item types where a written response was required.

The primary domain of assessment in PISA 2015 was scientific literacy. For this reason, distributions of the
different types of items used within the scope of science content knowledge of scientific literacy were also taken
into consideration. In the scientific literacy cognitive test, items related to the following content knowledge are
included: “Living Systems,” “Earth and Space Systems,” and “Physical Systems”. While the highest number of
items used in the science content knowledge of living systems was CR items, those for the earth and space systems
was CMC items and those for the physical systems was MC items. This may be accounted for with the fact that
some item types may be more effective in assessing different scopes of science content knowledge.

In the light of the findings obtained from the analysis of difficulty indices of the items in the scientific literacy test
for different item types, it was found that the type of item students were most successful at answering was MC,
while the type of item they were least successful at answering was the CR. In a study by O’Leary (2001), in which
the average scientific literacy yielded by the TIMSS 1995 was examined according to different item types, all the
12 countries which was included in the study yielded similar findings. In a study where MC and CR item types
were used, Thawabieh (2016) found that MC items were easier than the CR type of item. It was found that the
item type that had the highest discrimination power in the scientific literacy test was the CR items and those with
the lowest discrimination power was the MC item types. Aydin (1996), Kan and Kayapmar (2006) and Ugurlu
(1993) found that items to which written responses were required had a higher discrimination power than those
whose answers were to be selected. It was found that MC items were easier and had a lower level of discrimination
power, while CR items were more difficult and had a higher discrimination power. As for CMC items, even though
they were found to have a similar level of item difficulty with that of MC items, it was found that they had a higher
discrimination power than that of MC items.

The scientific literacy level of the students within the sample of the research study was found to be 3 or lower.
When scientific literacy and item difficulty averages for all three item types were examined, students with a high
level of scientific literacy level were more successful at responding to CR items, while students with a low level
of scientific literacy were more successful at answering MC items. However, the success scores obtained by
students for each item type did not vary by level of the student.

As a result of the examination of student average scores for each item type by gender, it was found that male
students were more successful than female students in responding to MC and CMC items, while female students
were more successful than male students in answering CR items. In related literature, there are studies reporting a
higher success level of male students in MC items (Bell & Hay, 1987; Bolger & Kellaghan, 1990; Bridgeman &
Lewis, 1994; DeMars, 2000; Zhang & Manon, 2000). In some other studies female students were found to be more
successful than male students in items requiring written responses (Bible et al., 2008; Bolger, 1984; DeMars, 2000;
Ghorpade & Lackritz, 1998; Harris & Kerby, 1997; Lumsden & Scott, 1987; Zhang & Manon, 2000). The reason
why female students are more successful in open-ended items can be accounted for with female students’ ability
in verbal expression (Beller & Gafni, 2000). Moreover, the interaction between item type and gender can derive
from different responding strategies or risk-taking tendencies (Beller & Gafni, 2000). However, in this study no
significant difference was found among average scores by gender. Similar findings were also encountered in other
studies (Chan & Kennedy, 2002; Bacon, 2003; Ghorpade & Lackritz, 1998; Greene, 1997; Walstad & Becker,
1994). Similarly, in a study by Bacon (2003), no significant difference was found by gender and this finding was
accounted for with the difference between students’ talents and that verbal ability, problem solving ability and test
solving ability may be distributed equally across the two genders. A similar situation may be valid in the present
study as well.

It was found that students with a high level of economic, social and cultural status were more successful than those
with a low level of economic, social and cultural status. In PISA, economic, social and cultural status is an index
value consisting of accommodation opportunities, and the educational level and occupation of the parents. It is
reported in various studies that economic, social and cultural status has an impact on success in sciences (Baker et
al., 2002; Berberoglu et al., 2003; Chiu, 2007; Klein, 1971; Koutsoulis & Campbell, 2001; Topcu & Yilmaz-
Tiiziin, 2009).

In the present study it was identified that each item type has its own positive and negative aspects. Students who
are unsuccessful at answering MC, but successful at responding to CR items reach a higher level of success. For
this reason, it is recommended that different types of items be used in combination to determine success in science.
When the findings of the present study is taken into consideration, it is considered that the steps taken in Turkey,
particularly the combined use of different types of questions in standard exams, could yield positive outcomes.
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This study focused on scientific literacy. A similar study can be carried out in the area of math literacy and reading
skills. That the scientific literacy levels of the students in the present study, which was conducted on PISA 2015
with a sample from Turkey, was low may lead to a shrinkage in range. This could be given as the reason underlying
the non-significant findings in the hypothesis tests. Hence, this study could be replicated in countries where
samples with low, moderate and high levels of scientific literacy can be obtained. The item type classification used
in the present study belongs to PISA 2015. However, this study could be replicated with the use of a different
classification of item types.
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GENISLETILMIS OZET

1. Giris

Birgok iilkede ulusal ve uluslararasi diizeyde ogrenci basarilarimi belirlemek ig¢in genis Olgekli testler
kullanilmaktadir. Bu testlerde yer alan maddeler ¢oktan se¢meli maddeler, dogru-yanlis maddeleri, bosluk
doldurma maddeleri, kisa cevapli maddeler, agik uglu maddeler gibi gesitli tiirlerde olabilmektedir. Bu madde
tiirleri genel olarak verilen cevaplar arasindan &grencinin dogru olani segmesini gerektiren maddeler — cevabi
secilen, CS (selected-response - SR) ve cevabi 6grencinin kendisinin yazmasini gerektiren maddeler — cevabi
yazilan, CY (constructed-response - CR) olarak siniflanmaktadir (Haladyna ve Rodriguez, 2013; Osterlind, 1998).
CS maddelerinde dogru ve yanlis segenekler bir arada bulunur ve bireyden bu segeneklerden birini isaretlemesi
istenir. CS, genis lgekli basar testlerinde en ¢ok kullanilan madde tiiriidiir (Bleske-Recheck, Zeug ve Webb,
2007; Osterlind, 1998). CY maddelerinde ise herhangi bir secenek bulunmaz, bireyden cevabimi kelimelerle,
climlelerle, sekillerle vb. ifade etmesi beklenir. CY maddeleri ¢ok adiml1 bir matematik problemini ¢6zme, deneme
yazma, diyagram ya da grafik ¢cizme gibi gorevleri icerebilir (Lukhele, Thissen ve Wainer, 1994). Madde tiirii ile
ilgilenilmesinin bir¢ok farkli nedeni bulunmaktadir. Bible ve arkadaglar1 (2008) yaptiklar1 ¢alismada bu nedenleri
Ogrenci bilgisini gecerli ve giivenilir bir sekilde degerlendirebilmek, 6grencilere adil notlarin verilmesini
saglayacak ders materyallerine ulasilmasini saglamak, etkili ve objektif bir tavirla 6grenci uzmanligini
degerlendirecek testler gelistirme istegi, egitimsel yontemlerin ve pedagojinin etkililigi hakkinda geri bildirim
alma istegi, yeni mezunlarin uzmanlik alanlarina girislerine onlar1 hazirlama amaci seklinde ifade etmistir. Ayrica
farkli madde tiirlerinin farkl biligsel siiregleri aktif hale getirdigi de diisiiniilmektedir.

Bu arastirmanin amaci, farkli madde tiirlerine gére PISA 2015 fen okuryazarligr bilissel testinde yer alan
maddelerin psikometrik 6zelliklerini ortaya koymak ve farkli madde tiirlerinden elde edilen fen okuryazarligi
puanlarmi farkli bagimsiz degigkenlere gore incelemektir.

2. Yontem

PISA 2015 fen okuryazarlig: biligsel testinde yer alan maddelerin psikometrik 6zelliklerini ortaya koymay1 ve
farkli madde tiirlerinden elde edilen fen okuryazarligi puanlarimi farkli bagimsiz degiskenlere gore incelemeyi
amaglayan bu arastirma tarama tiiriindedir. Tiirkiye’de PISA 2015 uygulamasina, Istatistiki Bolge Birimleri
Siniflamas1 (IBBS) Diizey 1’e¢ gore belirlenen 12 bolgeyi temsil eden 57 ilden ve okul tiirlerine goére
tabakalandirilarak PISA uluslararasi merkez tarafindan segkisiz yontemle belirlenen 187 okuldan, toplam 5895
ogrenci katilmistir. Bu ¢aligmada eski ve yeni fen okuryazarligi maddelerini beraber inceleyebilmek igin ilk 18 fen
kiimesi dikkate alinmistir. Bu 18 kiimeden seckisiz segilen bir kiime bu aragtirmanin 6rneklemini olusturmustur.
Aragtirma i¢in se¢ilen iki fen kiimesinde, besi eski {i¢ii yeni olmak iizere sekiz ¢oktan segmeli; sekizi eski ve sekizi
yeni olmak iizere 16 karmasik ¢oktan se¢gmeli ve besi eski altist yeni olmak iizere toplam 11 cevabi yazilan madde
yer almaktadir. Bu fen kiimelerinde toplam 35 fen okuryazarligi maddesi yer almaktadir.

PISA 2015 fen okuryazarligina ait farkli madde tiirlerinden elde edilen madde ve toplam puanlara ait betimsel
istatistikler hesaplanmistir. Farkli madde tiirlerine ait fen okuryazarligi testinde yer alan maddelerin madde giigliik
indeksleri ve madde ayirt edicilik indeksleri arasinda anlamli bir farklilik olup olmadigi, madde sayisinin az olmasi
nedeniyle Kruskal Wallis H testi ile incelenmistir. Ayrica, her bir madde tiiriinden elde edilen puan ortalamalarinin
cinsiyet ile ekonomik, sosyal ve kiiltirel durum degiskenlerine gore farklilasip farklilasmadigi bagimsiz
orneklemler igin t testi ile incelenmistir. Her bir madde tiiriinden elde edilen puan ortalamalarinin fen okuryazarligi
ogrenci diizeyine gore farklilagip farklilasmadigi tek yonlit ANOVA ile incelenmistir. Anlamlilik diizeyi 0,05 tir.
Anlamli bulunan farkliliklar i¢in etki biiytikliikleri hesaplanmugtir.

3. Bulgular, Tartisma ve Sonug

Bu maddelerin %29,89’u ¢oktan seg¢meli (CS) maddelerinden, %25,00’i karmasik ¢oktan se¢meli (KCS)
maddelerinden ve %45,11°1 cevabi yazilan (CY) maddelerinden olugsmaktadir. Bu {i¢ alanin 6l¢iildiigii bilissel
testlerde en ¢ok CY maddeleri en az ise KCS maddeleri yer almaktadir. Biligsel testlerin ii¢iinde de CY madde
tiirtinlin sayisinin yiiksek olmasi dikkat ¢ekici bir bulgudur.

Fen okuryazarligini 6l¢en sekiz CS maddesine verilen cevaplara gore madde giicliik indeksi ortalamasi 0,42; 16
KCS maddesine verilen cevaplara gére madde giicliik indeksi ortalamasi 0,36 ve 11 CY maddesine verilen
cevaplara gore madde giicliik indeksi ortalamasi 0,23tiir. Testteki en kolay madde CS madde tiiriinde, en zor
madde ise KCS madde tiiriinde yer almaktadir. KCS ve CY maddelerine ait madde giicliik indeksleri normal
dagilim gosterirken CS maddelerinin giigliikk indeksleri normal dagilmamaktadir. Kruskal Wallis H testine ait
bulgulara gore fen okuryazarlig: testinde yer alan maddelerin madde gii¢liikk indekslerinin madde tiirlerine gore
farklilastig1 belirlenmistir (p<0,05). Madde ayirt edicilik indeksi ortalamalari, CS maddeleri i¢in 0,13, KCS
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maddeleri i¢in 0,25 ve CY maddeleri igin 0,39 olarak belirlenmistir. Testteki en ¢ok ayirt edici madde CY madde
tiiriinde, en az ayirt edici madde ise CS madde tiirlinde yer almaktadir. KCS ve CY maddelerine ait madde ayirt
edicilik indeksleri normal dagilim gosterirken CS maddelerinin ayirt edicilik indeksleri normal dagilmamaktadir.
Kruskal Wallis H testine ait bulgulara gore fen okuryazarlig: testinde yer alan maddelerin madde ayirt edicilik
indekslerinin madde tiirlerine gore farklilastigi belirlenmistir (p<<0,01).

ANOVA bulgularina gore, CS madde tiiriinde (F(3-170)=0,78, p>0,05); KCS madde tiiriinde (F(3-170)=1,19,
p>0,05) ve CY madde tiiriinde (F(3-170)=0,09, p>0,05) 6grenci diizeyine gore anlamli bir farklilik bulunmamustir.
CS madde tiiriinde (t(173)=1,00, p>0,05); KCS madde tiirtinde (t(173)=0,04, p>0,05) ve CY madde tiiriinde
(t(173)=0,41, p>0,05) cinsiyete gore anlamli bir farklilik bulunmamustir. KCS madde tiiriinde (t(173)=3,30,
p<0,01) ve CY madde tiiriinde (t(173)=3,52, p<0,01) ekonomik, sosyal ve kiiltiirel duruma gore anlamli bir
farklilik bulunmustur.

Ogrencilerin madde tiirlerine ait puan ortalamalarmin cinsiyet degiskenine gére incelenmesi sonucunda erkek
ogrenciler CS ve KCS maddelerinde kiz 6grencilere gore daha basarili bulunurken kiz &grenciler ise CY
maddelerinde erkek grencilere gore daha basarili bulunmustur. Ust ekonomik, sosyal ve kiiltiirel duruma sahip
Ogrencilerin tiim madde tiirlerinde alt ekonomik, sosyal ve kiiltiirel duruma sahip 6grencilere gore daha basaril
oldugu belirlenmistir.

Bu calismada her madde tiiriiniin olumlu ve olumsuz yonleri oldugu belirlenmistir. CS maddelerinde basarisiz
ogrenciler, CY maddelerinde ise bagarili 6grenciler daha basarili olmaktadir. Bu nedenle farkli madde tiirlerinin
fen basarisinin belirlenmesinde birlikte kullanilmasi onerilmektedir. Bu arastirmanin bulgulari g6z Oniine
alindiginda, Tirkiye’de, 6zellikle merkezi sinavlarda farkli soru tiirlerinin birlikte kullanilmasi yoniinde atilan
adimlarin olumlu sonuglar verebilecegi diisiiniilmektedir.

Bu arastirmada fen okuryazarligi {izerinde durulmustur. Matematik okuryazarligi ve okuma becerileri igin de
benzer bir ¢aligma yapilabilir. PISA 2015 Tirkiye orneklemi iizerinden yiiriitilen bu c¢alismada, Tiirkiye
orneklemindeki 6grencilerin fen okuryazarligi diizeylerinin diigiik olmasi, ranj daralmasina sebep olabilir. Hipotez
testlerindeki anlamli olmayan bulgularin sebebi olarak bu durum gosterilebilir. Bu nedenle, fen okuryazarligi
diizeyi diisiik, orta ve yiiksek iilkelerden elde edilecek drneklemler iizerinden bu arastirma tekrar edilebilir. Bu
arastirmada kullanilan madde tiirli siniflandirmast PISA 2015 uygulamasma aittir. Farkli madde tiirii
siniflandirmalari ile bu arastirma tekrar edilebilir.

709



