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students were chosen, half were high-achieving students and the remaining
KEYWORDS half were low-achieving students. The items for the study were chosen from
Cognitive interviews, the Trends in International Mathematics and Science Study TIMSS 2007
Item validity, and 2011 by taking into consideration several item characteristics. Before
cognitive interviews, an interview guide was also prepared. In the study, it
TIMSS, was determined that cognitive interviews, especially those conducted with
Response processes the high-achieving students, can serve to develop item validity. In the
cognitive interviews with the low-achieving students, information was
gathered concerning how students who did not have specific knowledge

measured with an item were able to respond to that item.

1. INTRODUCTION

One of the most important characteristics sought in tests used in education and psychology is
validity. The ways of increasing validity by obtaining evidence of this characteristic are among
the important issues that concern psychometricians. Validity is defined as “the degree to which
evidence and theory support the interpretation of test scores entailed by proposed uses of tests”
(American Educational Research Association (AERA), American Psychological Association
(APA), National Council on Measurement in Education (NCME), 1999, p. 9). For this reason,
according to the Standards in Education and Psychology, validity in this context does not refer
to the actual test but to the validity of the interpretations and evaluations made in consideration
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of the intended uses of the test. In this context, psychometricians search for evidence from
different sources in relation to the validity of test scores (McDonald, 1999).

There are different opinions on the definition and classification of the term validity (see Sireci,
2007). Some researchers conceptualise validity within a general framework (AERA, APA, &
NCME, 2014; Kane, 2013; Sireci & Foulkner-Bond, 2014; Sireci, 2007) and some suggest that
validity cannot be interpreted generally (e.g. Borsboom, Mellenbergh, & van Heerden, 2004;
Lissitz, & Samuelsen, 2007). Since tests used in psychology and education are developed
depending upon specific purposes, people or conditions, it is not possible to develop a perfect
test, which would serve all the required characteristics (Cronbach, 1984). From this point of
view, in 1999 and 2014, the Standards in Education and Psychology (AERA, APA, & NCME,
1999, 2014) approached validity as a whole in the form of the types of validity without
separation according to the types, such as content validity, criterion-related validity, and
structural validity. The current study is based on this approach.

According to the Standards in Education and Psychology (AERA, APA, & NCME, 2014)), the
ways of collecting the evidence of validity are divided into five sources of validity evidence;
test content, response processes, internal structure, relations to other variables, and testing
consequences. With these sources of validity evidence, the ways to obtain validity based on
response processes has become an attention-grabbing subject in the field literature (Desimone
& Le Floch, 2004; Padilla & Benitez, 2014; Ryan, Gannon-Slater & Culbertson, 2012).
Evidence based on response processes is defined as "concerning the fit between the construct
and the detailed nature of performance or response actually engaged in by examinees™" (AERA,
APA, & NCME, 2014, p.12). In this way, thorough information is gathered regarding the
cognitive processes shown by the respondents and response processes, and it is possible to
determine to what extent these processes are in accord with the purposes of the test (Padilla &
Benitez, 2014). In addition, together with the response processes it is possible to reveal how
items are interpreted by individuals (DeWalt et al., 2007). Thus, studies based on response
processes can provide information that supports the evaluation and increases the validity of the
items in the scales or tests.

There are wide-ranging ways to obtain evidence based on the response processes, such as think
aloud, focus groups and interviews (Padilla & Benitez, 2014). Among these, cognitive
interview is a method composed of thinking aloud and verbal probing techniques (Willis, 2005).
The role of the cognitive interview is important and useful in understanding the response
processes of individuals (DeSimone & Le Floch, 2004; Ryan, Gannon-Slater, & Culbertson,
2012). With cognitive interviews, it is easier to discover which strategies individuals use and
what they really think when responding to an item (Hopfenbeck & Maul, 2011). According to
Desimone & Le Floch (2004), cognitive interviews can reveal mistakes in the item, different
interpretations regarding the item, and the effect of the social desirability on the response to the
item. Thus, measures to increase the validity of the items can be undertaken with the obtained
data. Through cognitive interviews, it can be determined whether the items in measurement
tools need to be reorganised (Conrad & Blair, 2004). In this context, cognitive interviews are
used in pilot applications of scale development research and produce effective results (e. g.
Johnstone, Figueroa, Attali, Stone, & Laitusis, 2013; Peterson, Peterson, & Powell, 2017; Snow
& Katz, 2009; Wildy & Clarke, 2009).

In the literature, cognitive interviews are being investigated in various fields, such as health,
education and social sciences. In their study, DeWalt et al. (2007) researched whether items in
a scale related to a psychological structure were clear and understandable, and how individuals
interpreted the items through the cognitive interview. With a similar purpose, Nicolaidis,
Chienello and Gerrity (2011) showed through cognitive interviews that a 10-item scale is clear
and understandable in terms of the focus group. In another study (Ding, Reay, Lee, & Bao,
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2009), cognitive interviews were used in order to identify validity problems that could not be
identified by experts and to present students’ different perspectives towards the items. Ercikan,
Arim and Law (2010) used the response processes of the students in order to examine the
differential item functioning (DIF), which results from linguistic differences. With a similar
purpose, Benitez and Padilla (2013) investigated DIF in student questionnaires used in the
Program for International Student Assessment (PISA) and sought to reveal the possible sources
of DIF by carrying out cognitive interviews with students. According to the findings of the
study, words in some items were variously interpreted by students in different groups. Wildy
and Clarke (2009) conducted cognitive interviews to test the preliminary test of the scale they
used in their work and to test whether the meaning the scale writers attributed to an item was
understood in the same way by the respondents. With a similar purpose, Ryan et al. (2012),
identified measurement errors that had not emerged in other analysis methods using cognitive
interviews to assess the validity of a scale. Ouimet, Bunnage, Carini, Kuh and Kennedy (2004)
re-analysed the "College Student Report” tool developed for university students, within the
framework of cognitive interview, focus group interview and expert opinions. The findings of
the study show that these descriptive methods are important in improving the clarity, validity,
appearance and reliability of the tool, as well as in revealing the strengths and weaknesses of
the item.

Apart from the studies carried out on scales and questionnaires, cognitive interviews are also
used on tests in the field literature. For example, Johnstone et al. (2013) used cognitive
interviews to determine how students with disabilities interpreted the items in large-scale tests
and to receive their feedback regarding the test items. In this framework, the differences were
revealed between the responses of the disabled and non-disabled students in relation to the test
items. In another study, cognitive interviews were carried out on the iSkills ™ test developed
by the Educational Testing Service (ETS) to measure the digital literacy skills of students (Snow
& Katz, 2009). According to the findings of the study, evidence of validity was obtained for
1Skills ™ with regard to determining students’ digital literacy. In their study, Noble, Rosebery,
Suarez, Warren and O'Connor (2014) analysed the response processes of English Language
Learner (ELL) students and non-ELL students through items gathered from a high-stakes
science test. The findings of the study show that even though the ELL students have knowledge
of the item, the linguistic features of the items led them to the wrong answer.

In the field of literature, it is seen that cognitive interviews are used on test items quite narrowly,
and they are generally applied to improve the validity of the questionnaire or scales or to obtain
evidence of validity. Thus, this study attempts to fill this gap in the field literature, and to show
that cognitive interviews can also be applied to younger age groups and this application can be
informative in terms of validity. Within this framework, the purpose of this study is to present
the extent to which the student response processes are effective in identifying and developing
the characteristics of the items in an achievement test and in collecting validity evidence. The
research questions developed for this purpose are: What are students’ response processes
concerning (i) the necessity for the figure or table in the item root, (ii) the clarity of the text or
figure given in the item root, (iii) the level of difficulty of the item, (iv) the level of knowledge
given in the item, and (v) the reason for selecting the relevant choice in the item?

2. METHOD
2.1. Participants

The participants of this study were 24 Turkish fourth-grade elementary school students (10
girls, 14 boys) aged between 9 and 10. Cognitive interview studies are conducted with typically
small sample sizes (Willis, 2015) thus the sample size in this study was enough to obtain well
detailed student response processes. Moreover, the ability of items to measure the desired
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feature without involving the group characteristics is very crucial. While gathering information
about whether the items possess this feature, taking opinions from individuals with different
characteristics will lead to more realistic and accurate information being obtained. For this
reason, the schools to be involved in the research were carefully selected. Purposive sampling
was employed in this study with the selection of two schools. After receiving permission from
the authorities, one class was randomly selected from each school. In addition, participants were
informed that participation was voluntary.

In this study, students were divided into two groups of high achieving and low achieving. One
reason for this division is that students in these two different achievement levels would have
different perspectives towards the items, which would frame their responses to the questions
directed to them. The level of achievement of the students that the classroom teachers verbally
indicated was taken into account. To determine the students’ achievement level, the teachers
were asked to consider students’ academic achievement performance, participation in class,
performing assignments and undertaking homework adequately, the level of interest and
curiosity they have during the lesson, and briefly the students’ performance in the classroom.

2.2. Data Collection Tools

The items for the study were chosen from the TIMSS 2007 and 2011 (TIMSS 2007 Assessment,
2009; TIMSS 2011 Assessment, 2013) and are presented in Appendix 1. In this study, students
answered the Turkish version of these items which were translated and adapt in the framework
of TIMSS asessments. Item statistics, cognitive domains and the scope of the items were taken
into account in the selection of the items and attention was paid to the items being
heterogeneous in terms of the related features. The TIMSS items were chosen on the basis of
the item parameters being estimated according to item response theory and that the information
regarding the items can be easily accessed. Table 1 gives the characteristics regarding the items
and the number of participants that gave correct answers.

Table 1. The characteristics regarding the items

The number of participants

Item Item Item Guessing Cognitive  that gave correct answers
Item T e Context .
type discrimination difficulty —parameter Domain High- Low-
achieving achieving
1 MC* .76 -1.64 22 Biology Knowing 12 10
2 MC* 112 -1.14 .26 Biology Applying 11 7
3 MC* .71 14 22 Chemistry ~ Knowing 9 8
4 MC* .84 .39 .18 Chemistry ~ Reasoning 12 6
5 OE** 53 1.07 - Physics Reasoning 12 3
6 MC* .75 -1.63 22 Biology Applying 11 7
7 OE** .95 1.13 - Chemistry  Applying 8 3
8 OE** 1.00 .28 - Biology Knowing 6 1

MC: Multiple choice, ** OE: Open ended

Table 1 shows that a total of six multiple-choice and three open-ended items were selected for
use in the study. This distribution was chosen for the students to be able to respond to items
during class time.

In this study, an interview form was another data collection tool. The interview form was
composed of questions about the length, language, and the use of visual materials of the items.
Techniques specific to the method of cognitive interviewing (Willis, 2015; Bowen, Bowen &
Woolley, 2004) were employed in the preparation of the items in the interview form. After the
interview form was prepared, the opinions of two experts in the field of educational
measurement were taken. The experts were asked to express their views on the language and
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expression characteristics of the questions, suitability for the age level, and the appropriateness
of the extent of the questions. For pretesting, the interview form was applied to five students of
the same age range from a class but were not participating in the study. The interview form was
modified within the framework of the findings obtained from pretesting and the expert opinions.

2.3. Procedure

In this study, first, the items were applied to the students, and then cognitive interviews were
administered. Prior to the applications, information was given to the classroom teachers and
students. It was explained to the students that their participation in the study would be kept
confidential and their performance in response to the science items would not be shared with
third parties apart from the researchers. It was also stated that participating in the test and
interviews was voluntary.

After the required explanations in class were given by at least one researcher, the selected items
were applied to the students. It took students approximately 30-40 minutes to respond to the
items. After the test was applied, to avoid creating a negative impression towards the selection
of the students, it was specified that interviews were to be conducted with the randomly selected
students, and they were randomly summoned one by one from their classes from a list. During
interviews, same protocols were followed with each group, and students were not told about
the correctness of their choices on items as part of the interview.

Cognitive interviews were conducted on one-on-one basis with students in a different classroom
in the school. Cognitive interviews are a combination of many techniques and provide a
comprehensive understanding of how individuals comprehend and respond to items
(Tourangeau, Rips & Rasinski, 2000). In this method, it is sought to determine the processes
and thoughts that individuals experienced while replying to the items (Willis, 2015). Moreover,
as pointed out by Willis, inferences are made regarding why the respondents in the cognitive
interviews responded to a related item and how they responded in that way. Bowen et al. (2006)
state that cognitive interviews can be carried out in the following way: First, the respondent is
asked to read the item, and afterwards it is determined what meaning the item has for him and
what he is being asked in the item. Why the student chose that answer is asked according to the
student’s response. Probing questions to be addressed in cognitive interviews can also reveal
what the student actually thinks about an item when responding to that item. In this study, these
steps were followed in each interview.

2.4. Data Analysis

Before the analysis all interviews were transcribed, verbatim, yielding a total of 51 pages of
written transcriptions. The data obtained from the interviews was analysed using descriptive
analysis (Strauss and Corbin, 1990). In the context of this approach, first, the views of the
students were placed in the predetermined themes and response categories. Determination of
themes and response categories were established according to the answers of questions in the
interview form. The placing the views into categories were conducted by the authors. This
process was undertaken separately for each item. In the analysis of the data, the quotations that
best explain the answers of the low and high achieving students were collated in accordance
with each theme. In the study, the data belonging to four students selected impartially from the
24 students were also re-coded by an expert in educational measurement. With her re-coded
data, the rater-reliability was determined as 96%.

3. FINDINGS

3.1. Responses to the necessity of a Figure/Table

The responses of students on the necessity of a figure/table to answer the items are given in
order in Table 2.
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Table 2. The responses of the students on the necessity of a figure/table

Item 2 4 5 6 7
Student group H-A L-A H-A L-A H-A L-A H-A L-A H-A L-A
Needed 6 10 10 8 7 6 6 4 11 7

Not needed 6 2 2 4 5 6 6 8 1 5
H-A: High achieving, L-A: Low achieving

According to Table 2, most of the students stated that there was no need for a figure or table to
answer item 6; yet, it was needed for item 7. The students who thought that a figure was needed
to answer item 2 expressed this as, "l could see the characteristics of the walrus by looking at
the figure". An examination of the items shows that being able to respond to items 4 and
7depends on using the given figure. However, Table 2 reveals that there were also students who
stated that a figure/table was not necessary to respond to these items. The reason why a group
of students did not consider a table necessary for responding item 4 is that the experiment
column is not given in the table. In relation to this topic, one student commented, "I was
confused by the table because the experiments were not stated one by one." According to the
students’ responses, the absence of a separate column that showed four experiments was
considered to be "puzzling".

The students found the figure given in item 5 necessary since it "makes it easier to answer the
item". Students presented their opinions as, "You understand their distance better in the visual™,
and "In the figure, A pulls from a farther distance". Generally, the figure in item 6 was
considered as complicated by both high- and low-achieving students with comments such as "It
is not clear that it is a frog", "the figure is confusing”, and "the picture could be less blurred".
For item 7, the higher-achieving students expressed their thoughts as, "the figure is necessary,
I would not be able to understand if it were not for the figure” and “the figure is necessary, I
did not understand the question when they were given one after the other”, and the low-
achieving students stated that "Items were long for me" and "Items were confusing”.

3.2. Responses on text/figure clarity

Table 3 presents the responses of students on the comprehensibility of the text/ figure in the
items.

Table 3. The responses of the students on the comprehensibility of the text/ figure

Item 1 2 3 4 5 6 7 8

Student H-A L-A H-AL-A HALA H-A L-A HAL-A H-ALA H-AL-A H-AL-A
group

Clear 12 7 9 7 12 8 9 6 11 6 11 7 8 4 7 4
Not clear - 5 3 5 - 4 3 6 1 6 1 5 4 8 5 8

H-A: High achieving, L-A: Low achieving

According to Table 3, the text in items 1, 3, 5 and 6 was considered as comprehensible by the
high-achieving students. The choices in the item were the reason why items 1 and 6 were not
understood by low-achieving students. For item 2, students stated that they did not understand
the word "walrus”. The responses of low achieving students to item 3 were: "The item is not
completely expressed well" and I could not understand the text very much, 1 did not understand
the top part"”. For item 5, generally the comments of the low-achieving students regarding the
text in the item were: "I did not understand the first sentence”, "Puzzling", and "Text is too
long™. The low-achieving students stated the reason why they could not understand item 7 was

as follows: "I could not understand the cups”, "X, y cup names", and "I could not understand
the text very much". For the same item, the high-achieving students gave these responses: "I
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was confused by the expression™ and "I did not understand how he/she placed the container
without taking out the glass in the figure”.

The text of item 8 was not found to be understandable by a large number of both the high- and
low-achieving students. The low-achieving students expressed their views as, "I perceived it as
we can see plants and seed from a distance", "I did not understand the word ‘from far away’",
and "The text is complicated, providing a figure would be better". The views of the high-
achieving students were given as "puzzling", "l understood it when | read it twice", and "The
words ‘far away’ made me confused".

Generally, as can be understood from these responses, when making decisions about data to
determine whether items are clear and understandable, the group which responded correctly to
the item most of the time should be taken into consideration. Taking the students’ responses
and Table 3 into account, for the less successful students, the comprehensibility of the text
becomes more difficult as the length of the text increases.

3.3. Students' responses on item difficulty
Table 4 presents the responses of students about difficulty of the item.

Table 4. The responses of the students about difficulty of the item

Item 1 2 3 4 5 6 7 8
Student H-A L-A H-A L-A H-A L-A H-AL-A H-AL-A H-A L-A H-A L-A H-A L-A
group

Easy 8 8 12 8 8 5 6 6 10 8 11 8 5 9 5 6
Medium 4 3 - 2 4 4 3 3 - 2 - 1 5 - 3 5
Most - 1 - 2 - 3 3 3 2 2 1 3 2 3 4 1
difficult

H-A: High achieving, L-A: Low achieving

According to Table 4, the high-achieving students found item 2 the easiest whereas items 7 and
8 were found to be the most difficult. For the low-achieving students, item 7 was the easiest
and item 3 was the most difficult. The high-achieving students explained why they generally
found item 1 easy or of medium difficulty as, "This information is in cartoons”, " | learned this
in the documentary", "Because I've read in books", "Among the choices, it made the most sense
"and "I could not decide between B and C " whereas the low-achieving students stated, "I had
a bird and therefore | know it", "I am good with animals”, and "I know about birds". The high-
achieving students gave the reasons for finding item 2 easy as, "l learned it from a documentary"
and "I learned from documentaries and books". Those among the low-achieving students who
found item 2 easy explained, "I learned it from the TV" and "Choices are nonsense", and the
remaining students expressed their view as, "l have never heard of a walrus", "I do not know
what palette is", and “Walrus is a different animal".

For item 3, the higher-achieving students who found the item easy expressed their view as, "We
saw it in class" and "It melts instantly because it is hot", and those who found it to be of medium
difficulty stated, "l was confused because first it was cold then warm and hot." Those of the
low-achieving students who found this item easy commented, "I knew it, it dissolves in cold
when the heat is high", and those who found it to be of medium difficulty or difficult stated,
“warm and hot water puzzled me". Those who found item 5 easy generally expressed their view
as, "l solved it with the help of other options” and "the other options are meaningless”. Those
who found the item to be of medium difficulty or difficult stated, "it is because of the table"
and "the table confused me".

Both high- and low-achieving students generally found item 5 easy. The high-achieving
students gave reasons, such as "the answer is written directly” and "the answer is definitely
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clear”, and the low-achieving students gave responses; for example, "the figure made it easier"
and "the picture made it easier".

Item 6 was also generally found to be easy by the high- and low-achieving students. The higher-
achieving students responded as, "there were things that could not be possible in other options”
and "I saw it in the movies that the frogs leave" whereas the responses of the low-achieving
students were "I love animals", "Options are easy", and “the answer is apparent”.

Both high- and low-achieving students generally found item 7 difficult or of medium difficulty
giving responses, such as "I did not understand the complicated text much, it was a little long",
"I do not understand how they put the x in the box", "'l was confused because of the figures”,
and "I had difficulty because of the text". The high- and low-achieving students who found this
item easy commented, "Figures made it easier”, "I learned it in science lessons”, and "the
options made it easier".

Item 8 was also found to be difficult or moderately difficult by the majority of the high and low
achieving students. The students expressed their views as: "The sentence is complicated, it is
not clear”, "it would be better if they added a figure"”, "I did not understand the seed in the text",
"I did not understand the words ‘far away’ in the text". The students who considered the item
to be easy gave responses such as: "I imagined, estimated in my mind"”, "I like the plant

kingdom™, "I see it in villages", "I see it in documentaries” and "I pictured it in the soil".

3.4. Responses regarding the level of knowledge given in the item

In Table 5, the responses on the level of knowledge given in the item are given according to
responses of the high- and low-achieving students.

Table 5. The responses of the students on the level of knowledge given in the item

Item 1 2 3 4 5 6 7 8

Student H-A L-A H-A L-A H-A L-A HA LA H-A L-A H-A L-A HA LA HA LA
group

Enough 12 9 11 9 11 7 12 8 11 8 11 8 10 8 6 3
Not - 3 1 3 1 5 - 4 4
enough

H-A: High achieving, L-A: Low achieving

According to Table 5, the high-achieving students indicated that items 1 to 7 contained
sufficient information to find the answer. The low-achieving students generally expressed their
views as bird features could be given in item 1, features about walrus could be given in item 2,
figures could be given in item 3 and 7, a table was missing in item 4, and the item root was
inadequate in item 6. To solve item 8, both the high- and low-achieving students stated that
there was not enough information. The opinions of the high-achieving students were: "I think

there is a need for some sentences and some figures”, "a little information can be added", "there
is no information, direction", "it could have been expressed in a different way", and “a figure
can be added”, and the low-achieving students shared these views with their comments of " how

far away?", "I was puzzled by the words ‘far away’", "there could be a figure", " ‘far away’ is
not something that can be expressed™, and "it is a little hard; it could have been simplified."

3.4. Responses on the students’ selection of the relevant item option

The responses of the high- and low-achieving students on the reasons for selecting the relevant
option are given in Table 6. According to this table, the reason for students’ selection of an
option they considered to be the correct answer was generally related to the other options. Thus,
the students found the correct answer by eliminating the other options that were given before
guestioning the information in the item. For item 3, most of the high-achieving students found
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the right answer using their knowledge. In addition, when finding the right answer, both the
high- and low- achieving students were assisted by the other choices with most assistance
provided by item 6.

Table 6. The responses of the students on the reasons for selecting the relevant option

Item 1 2 3 4 6

Student group HA LA HA LA HA LA HA LA HA LA
Knowledge 6 5 3 3 10 6 8 1 2 1
Other options 6 7 9 7 2 6 4 8 9 7

H-A: High achieving, L-A: Low achieving

Generally, the high-achieving students who selected the correct answer by benefiting from the
options in all items expressed their opinions as, “it was clear to me because of the other
choices”, "I eliminated the other options", "the other options cannot be correct because they are
unreasonable", "A was the most meaningful option", and “it was quite clear in this option”
while the high-achieving students who selected the correct answer by based on their knowledge
commented, "I learned it from books and documentaries,” "it does not melt in cold water; |
know it from tea", and "because the temperature and the mixture are always the same". The
opinions of the low-achieving students were similar to these views. Among these students, those
who marked the item based on the knowledge they possessed explained, "the layer of fat will
protect the animal™ and "heat melts sugar” while those who first eliminated the other options

gave opinions, such as "the options give a lot of clues”, "by eliminating the options”, and "it
makes more sense than the other options".

4. DISCUSSION and CONCLUSION

The aim of this study was to show that the responses of the fourth-grade students to some items
chosen from the TIMSS application could be used as validity evidence and to increase item
validity. In the study, opinions were obtained from the high- and low-achieving students, and
it was determined that cognitive interviews, especially those conducted with the high-achieving
students, can serve to develop item validity. In the cognitive interviews with the low-achieving
students, information was gathered concerning how students who did not have specific
knowledge measured with an item were able to respond to that item.

Generally, this study shows that students, like experts, can have a role in providing evidence
for item validity and increase validity. The findings of this study were found to be similar to
those of other studies in the field literature (Ercikan et al., 2010; Nicolaidis, Chienello &
Gerrity, 2011; Noble et. al, 2014). Validity evidence obtained through this research show that
students are important as consulting experts in the processes of test development and
adaptation; thus, this is an effective method to find solutions to validity issues. Even though
cognitive interviews are time-consuming and costly (Desimone & Le Floch, 2004), it appears
that this type of studies would be useful in improving the validity of the items and the tests.
Although referring to experts’ opinions is an important and widespread method, it is clear that
student’s response processes also provide validity evidence since experts cannot possibly have
any knowledge about the student's response processes (Benitez & Padilla, 2013).

In situations where students’ high-level cognitive skills such as problem-solving and critical
thinking are to be measured, verbal, numerical materials or materials; e.g. tables and figures are
often used in the root of the developed item; therefore, attention should be paid to the selection
of these materials (Beddow, Elliot & Kettler, 2013). According to the findings regarding the
necessity of the materials in the items selected for this study, the students stated that some
materials are necessary for some items and unnecessary for others. Considering that materials
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that do not contribute to the solution of an item may negatively affect the item validity (Linn &
Grounland, 1995, Nitko & Brookhart, 2007), it is clear that the visuals of such items need to be
modified. For example, the material used in item 6 in the current study did not contribute to the
student(s)’ response to that item. In this sense, it is suggested that visuals that are not essential
for students to respond to an item should not be included as item materials.

There may be a different approach to the inclusion of material in items which aim to measure
psychological structures to ensure that such items are developed without bias (Haladyna, 1997;
Osterlind, 2002). Since international measurement applications such as TIMSS and PISA are
applied in numerous different cultures, material can sometimes be used in the root of the item
even if it is not necessary, and the opinions that students expressed for item 2 in the current
study support this. Some students stated that they benefited from the picture since they had not
seen a walrus before, and a picture was needed in order to solve the item. In this sense,
considering the cultural and socioeconomic characteristics of the groups to which the items will
be applied is also significant regarding the validity of the item. The interviews with the students
revealed that the material in item 5 provided a clue for the low-achieving students to find the
correct answer. However, the materials in the root of the item should not give the students a
clue to the correct answer (Haladyna, 1997). It is important to recognise that reliability and
validity in tests depend on the selection of the items (Linn, 1989); therefore, as an example, the
material in item 5 should be changed or removed.

In tests that measure psychological characteristics, the comprehensibility of the items is
important in terms of language and expression. In the processes of writing items, the language
used in the items and generally in the whole test must be clearly written and comprehensible,
obeying spelling and punctuation rules (Haladyna, 1996; Osterlind, 2002). According to the
student opinions, the items selected for this study from TIMSS appeared to have problems in
their Turkish language. In addition, in order for the material in the base of the item to be
understandable, the class and age level to which the item will be applied should also be
considered (Linn & Gronland, 1995). The current study revealed that in the cognitive
interviews, item 7 was more complicated than it should be for fourth-grade students. The x and
y letters used in item 7 were confusing for the students. Furthermore, the word ‘walrus’ in item
2 also prevented the students from comprehending the item.

In tests, such as TIMSS, which have been translated from the language in which they are
originally developed into a different language, the process of translation is important in the
sense that gives the meaning which the item desires to measure, and represents the
characteristics in the item. From this point of view, regarding the findings related to the items
in the current study, it can be seen that in particular, the meaning of item 8 was lost. Regardless
of whether the students were lower or higher achieving, it is necessary to create a situation in
which all students understand the items and only the ones who have the knowledge and skills
related to the item can answer it correctly (Linn & Grounland, 1995). The findings obtained
from the current study show that there are problems in this respect; thus, it is suggested that
changes are made to the items based on the opinions of the students.

Significant findings about the difficulty level of the items were obtained in the study. According
to the cognitive interviews, the findings indicated that the items based on remembering a related
specific knowledge were easy for the students to solve; items such as comprehension, problem
solving, and critical thinking were more difficult because they measure information in a more
complex way. In addition, the students attributed the ease of solving some of the items to the
distractors not being related to the correct answer. Furthermore, extra-curricular resources such
as documentaries and books also contributed to the response of the items.

It is observed in the current study that students generally had difficulty in open-ended items.
Similarly, in a study conducted by Johnstone et al. (2013), the students achieved more correct
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answers in multiple-choice tests. Another reason for the Turkish students having difficulties
with open-ended items is that they are not familiar with this type of items in their instructional
programme. To resolve this problem, the students' responses can be consulted to determine the
level of difficulty of the items to be included in the tests. In large-scale international tests, such
as TIMSS and PISA, differences in socioeconomic and sociocultural characteristics of the
participating countries can also affect the difficulty levels of the items. The reason for the
distractors of some of the items not being connected to the correct option may be due to the
differences between countries and the results of such examinations being a particular concern
to the educational policy makers. In such measurement applications, the percentage of items to
which there is a correct response is a particular concern for educational policy makers since it
leads to various inferences being made about the countries. Hopfenbeck and Maul (2011)
emphasise the need to take care over comparisons of countries with the information gained from
these measures.

When the findings in the current study are analysed in relation to the sufficiency of the
information required for the solution of the items, the high-achieving students generally found
the given information sufficient with the exception of item 8. It is understood from the opinions
of the low-achieving students that the information given in the item was not adequate. Taking
the other responses given to item 8 into account, it was problematic in many respects. Therefore,
it would be wrong and biased to compare Turkish students with other students who responded
to this item because this item does not operate in the same way for the Turkish-speaking
students. Mistakes originating from translation can be observed in tests such as TIMSS and
PISA (see Goldstein, 2008). The diversity of participating countries taking these tests and that
the tests do not follow the various curricula in the schools makes the item writing process
difficult. In this framework, the tests should be based on common learning topics, and
preliminary research on the test content should be undertaken by obtaining opinions from the
participating countries. This process will be significant in developing the scientific accuracy of
the items and the general validity of the test.

Considering the students’ reasons for selecting an option for the items addressed to them in the
study, it is seen that writing multiple-choice questions is as important as writing the item base.
In this context, various precautions should be taken in writing the options in multiple-choice
items (Haladyna, 1997, Nitko & Brookhart, 2007). Moreover, the response process of a
multiple-choice item depends on the characteristics of the student as much as the characteristics
of the - item itself. While some students read the item and look for the expression in the choices
they think is the correct response, some students try to obtain the answer by comparing the
choices with each other after reading the item (Pehlivan Tun¢ & Kutlu, 2014). In this sense,
some students can develop test-wiseness behaviour when responding to the items. This situation
decreases the validity of the test, and in order to avoid such strategies, measures should be taken
in the development and review of the items (Towns, 2014). It was also determined in this study
that distractors should be rational and consistent with the context especially in multiple-choice
tests (Osterlind, 2002).

When the findings obtained from this study are considered as a whole, taking into account
student responses in item writing and undertaking the corresponding improvement of the items
will provide significant contributions to the validity of the tests. There are only a few studies
on this subject; therefore, more studies being conducted will help gain different perspectives in
test development processes. In future studies, it would be appropriate to use different item types,
benefit from a larger number of items and refer to the opinions of students who are studying at
different levels. In addition, researchers can conduct intercultural cognitive interview studies to
support the development studies of scales and tests, such as TIMSS, which are applied in
different cultures. This study has some limitations and premises. In this sense, the results of this
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study need to be evaluated within this framework. A significant limitation is that the students
were fourth graders, and they had not participated in this type of interviews before. For this
reason, some data loss was experienced in some questions. Moreover, this study was conducted
with only 24 students. Another limitation is that the study used a total of eight multiple-choice
and three open-ended items. The assumptions that students responded to the questions without
being affected by social desirability and that students responded to questions solely based on
their own knowledge were accepted as the premises of the study.
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Appendix 1 — Selected Items

Item 1

Most birds sit on their eggs until they hatch.
Which of these is the most important reason
why birds sit on their eggs?

a) to keep the eggs inside the nest

b) to keep the eggs warm

c) to protect the egss from wind

d) to protect the eggs from the rain

Item 2

polar bear walrus

R’ 1(\/%
sﬁhb AD \

Polar bears and walruses look very
different, but both can survive in extremely
low temperature. Polar bears have a thick
coat of fur that helps it keep itself warm. On
the other hand, walruses have no fur.

What do walruses have to keep them warm?
a) Fat layers

b) Tusks

c) Whiskers

d) Flippers

/=

Item 3

Sue measured how much sugar would
dissolve in a cup of cold water, a cup of
warm water, and a cup of hot water. What
did she most likely observe?

a) The cold water dissolved the most sugar.
b) The warm water dissolved the most
sugar.

¢) The hot water dissolved the most sugar.
d) The cold water, warm water and hot
water all dissolved the same sugar.

Item 4

Maria designed an experiment using salt
and water. Th e results of her experiment are
shown in the table.

Amount of Water Water Was Mixture
Salt Dissolved Volume Temperature Stirred?
15 grams 50 ml 25°C Yes
30 grams 100 ml 25°C Yes
45 grams 150 ml 25°C Yes
60 grams 200 ml 25°C Yes

What was Maria studying in her
experiment?

a) How much salt will dissolve in diff erent
volumes of water.

b) How much salt will dissolve at diff erent
temperatures.

c) If stirring increases how fast salt will
dissolve.

d) If stirring decreases how fast salt will
dissolve
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Item 5

Betty has two magnets (A and B) and two
metal pins that are the same.

She slides Magnet A along a table until a
pin is attracted to the magnet.

She slides Magnet B along a table until a
pin is attracted to the magnet.

o —
E —
magnets pins

She finds that Magnet A attracts the pin
from 15cm and Magnet B attracts the pin
from 10cm.

Steven says that both magnets are equally
strong. Do you agree? Explain your
answer.

Melissa found some tadpoles and fish in a
pond as shown above. How did the tadpoles
get there?

a) They hatched from eggs laid by fish in
the pond.

b) They formed from mud at the bottom of
the pond.

c) They were made from materials
dissolved in pond water.

d) They developed from eggs laid by frogs
in the pond

Item 7

Diagram 1 shows a container X that is filled
with a material that could be a solid, liquid,
or gas. Th e container has been sealed with
a glass sheet. Container X is placed upside
down on an empty container Y, as shown in
Diagram 2.

Diagram 1 Diagram 2

glass sheet glass shesat containar X
container X i H contaimer ¥
Th e glass sheet is removed.
A. Which of the diagrams below shows
what you would see if the material in

container X is a gas?
(Check one box.)

O Diagram 3 [ Diagram 4 O Diagram 5

i & a

B. Explain your answer.

Item 8

Seeds from a plant can end up a long way
away from the plant.

Describe one way that this can happen.



