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Abstract

The study determines the conceptual understanding levels of primary school students on the concept of light according to the
Rasch Model with a Four-tier Light Conceptual Understanding Test (LCUT). The participants were 355 (164 girls and 191
boys) primary school students studying at a public school in Izmir city center. In the study, the Rasch Model, which is
included in the Latent Trait Theory, was used. Also, the data regarding the answers given and the level of confidence in the
responses were associated with the Rasch analysis of LCUT. The results of Rasch analysis showed that LCUT was in full
harmony in the context of infit, outfit, and point measurement correlation statistics, and is a valid and reliable measurement
tool for conceptual understanding. Moreover, these results explained that the students' average conceptual understanding
ability regarding the Light unit was above the average item difficulty.

Keywords: Conceptual understanding, primary school, four-tier diagnostic test, light unit, Rasch model.

INTRODUCTION

The evaluation of the training process is as important as its planning and implementation.
Measurement and evaluation make a great contribution to the education process by determining the
development levels of individuals' knowledge and skills (Cetin, 2019). However, measurement and
evaluation in education is done indirectly with measurement tools consisting of multiple variables,
and therefore this contribution is possible with and data based on consistent, valid and reliable
measurement processes and measurement tools. Likewise, correct statistics, analysis and calculations
may the educational value of these data increase. After all, the sensitivity of the measurement data
increases with the quality of structural statistic analyzes used in the measurement tools and
contributes to the studies in educational assessment indirectly.

In the measurement and evaluation processes, two theories are used, namely, Classical Test Theory
(CTT) and Latent Trait Theory (LTT) (Kan, 2006; Keeves, 1998; Kelecioglu, 2001). CTT is a
long-known theory where evaluation is made according to the whole test, not to each item (Bulut,
2018). Therefore, the contribution of different items to the individual's success is considered to be
equal (Anshel, Weatherby, Kang, & Watson, 2009). The search for an alternative theory for CTT has
started due to the following limitations: 1) the estimation of individuals' abilities based on their total
score, 2) the scores of the individuals depend on the test applied, 3) item statistics depend on the
characteristics of the group to which the test was applied (Bulut, 2018; Demirtasli, 1996; Hambleton
& Jones, 1993; Kelecioglu, 2001). Accordingly, with the claim that it can overcome these limitations,
LTT was introduced at the end of the 1930s (Dogan & Tezbasaran, 2003). According to LTT, there is
a relationship between the individuals' ability, which is not directly observed in a certain area, and
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their answers to the test items, consisting of questions that examine this area; this relationship can be
expressed mathematically (Kelecioglu, 2001).

The two most widely used and open-to-develop models of LTT developed as an alternative to CTT
are the “Item Response Theory” (IRT) and the “Rasch Model” (RM) (Akin & Bastiirk, 2012). IRT
assumes that a person's performance can be predicted in a test thanks to multiple features (Bulut,
2018). RM, on the other hand, is a technique developed by George Rasch in 1960 and evolved from
IRT (Dogru, 2019). RM determines the difficulty levels of the items and the ability levels of the
individuals. According to the model, it attempts to determine the probability of what an individual
with a certain ability level can do against the desired task (Rasch, 1961).

Although CTT s still widely preferred today in the analysis of a measurement tool, the biggest
limitation of CTT is that the characteristics of participants depend on the item and item characteristics
on the participant characteristics (Demirtasli, 1996). Accordingly, the contribution of different items
in predicting individuals' ability levels is equal. On the other hand, RM is different from many other
statistical models since it is a probabilistic model (Boone & Scantlebury, 2006). In RM, the
characteristics of an item can be calculated independently of the ability level of the participants, and
the ability levels of the participants can be estimated independently from the item sample they
answered. Also, the contribution of different items in predicting individuals' ability levels is not equal
(Ilhan & Giiler, 2017). According to RM, an individual with a higher ability than others is more likely
to correctly answer another item that measures the same structure. Similarly, a question that is easy
for any individual is likely to be answered correctly, and a difficult question is unlikely to be
answered (Bond & Fox, 2007). Accordingly, the mathematical expression describing the relationship
between the test items and the person is shown in Formula 1.
. gEn-Di
Pioi=1) = 5o,

In the formula, (B,) is a parameter that shows the person's ability. If a person with B, ability answers a
test item with D; difficulty, it will simply either succeed or fail (Planinic, Boone, Susac & Ivanjek,
2019). Accordingly, the possibility of a person answering an item correctly (P) is related to the
person's ability (Bn) and the difficulty of the answered item (D;) (Boone & Scantlebury, 2006).
According to RM formula, the probability of a correct response is expressed as Bq-Di. If the person's
ability equals item difficulty (Bn,=Di), then the probability of a correct response is 50%. If the
difference between person ability and item difficulty increases positively (B,>D;), then the person has
a higher probability of a correct response to the question (Planinic, Ivanjek, & Susac, 2010; Xiao,
Han, Koenig, Xiong, & Bao, 2018).

Undoubtedly, in the analysis of a measurement tool with RM, associating the ability of the person
with each item (a) facilitates the development of tools that provide useful data, and (b) provides data
that can be safely used for both descriptive and parametric statistics (Boone & Noltemeyer, 2017).
Therefore, instead of evaluating the raw scores in the analysis of the questionnaires and tests
frequently used in education and social sciences, the analyses to be conducted with RM made it
possible to reach more objective measurement results that were stripped of many statistical limitations
(Boone & Noltemeyer, 2017; Giilkaya, 2018; Preece, 1979; Uzunsakal & Yildiz, 2018). This has
enabled RM to have a wide application area and accelerate studies, such as in the fields of health
studies, marketing, education, social sciences, and economics.

In studies on education, researchers have started to use RM widely recently (Baharun, Razi, Abidin,
Musa, & Mahmud, 2017; Boone & Noltemeyer, 2017; Cetin, 2019; ilhan & Giiler, 2017; Maat, 2015;
Othman, Salleh, Hussein, & Wahid, 2014). In particular, RM is highly preferred in studies where
measurement tools are developed and analyzed in education (Boone & Scantlebury, 2006; Boone,
Townsend, & Staver, 2011; Planinic, Ivanjek, & Susac, 2010; Sondergeld & Johnson, 2014; Wei, Liu,
Wang, & Wang, 2012). Additionally, conceptual understanding levels can also be analyzed with RM
(Liu, 2010; Kauertz & Fischer, 2006; Mesi¢ et al., 2019; Siang, 2011; Wei, Liu, & Jia, 2014).
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One of the integral parts and subjects of everyday life in the field of science is light. The light concept
is used as the primary tool in many fields from physics to biology, medicine to astronomy. Therefore,
students have difficulties in many scientific fields and subjects without understanding the light
concept and its properties (Djanette, Fouad, & Djamel, 2013). The studies related to the light concept
in the literature focuse on the framework of determining misconceptions (Aydoslu, 2018; Blizak,
Chafigi, & Kendil, 2009; Epik et al., 2002; Fariyani, Rusilowati, & Sugianto, 2017; Galili & Hazan,
2000; Kaplan, 2017; Tashidere & Eryilmaz, 2015; Wahyuningsih, Rusilowati, & Hindarto, 2017),
determining the conceptual understanding levels within the framework of CTT (Andersson & Bach,
2005; Ayvact & Candas, 2018; Demirci & Ahgi, 2016; Kara, Avci, & Cekbas, 2008; Sahin, Ipek, &
Ayas, 2008), mental models (Uzun & Karaman, 2016), cognitive structure (Apaydin, Akman, Tas, &
Peker, 2014; Ozcan & Tavukguoglu, 2018), and teaching methods and techniques (Altun, 2006;
Benek & Kocakaya, 2012; Mazlum & Yigit, 2017; Senel, 2016). On the other hand, RM-based studies
on light are limited (Aminudin, Kaniawati, Suhendi, Samsudin, Costu, & Adimayuda, 2019).
However, the literature has signed that there are not any studies focused on developing a measurement
tool on light and analyzing the conceptual level of understanding with RM.

The starting point of this study is the idea that RM provides statistically more reliable evaluation
results. The model explains how a person's performance for a particular feature can predict a person's
response (eg, true or false) in a particular test item containing that feature (Boone, 2016; Boone &
Scantlebury, 2006). These features that are taken into consideration, such as scientific learning,
scientific inquiry, or attitude toward science, are defined as "latent/implicit features" (Boone &
Scantlebury, 2006; Planinic, Boone, Susac, & Ivanjek, 2019; Xiao et al., 2018). The latent feature
used in the assessment of competencies often constitutes a skill. In this study, the latent feature is the
conceptual understanding ability about light subject. On the other hand, the quality, reliability, and
validity of the test tool used are closely related to the determination of the conceptual understanding
level. In this context, the study searches for answers to the questions below.

Research Questions

1- Is the conceptual understanding test developed on the Light unit a valid and reliable measurement
tool according to RM?

2- Can RM adequately explain students' conceptual understanding levels on the concept of light?

3- According to RM, what level are the students' conceptual understanding level on the concept of
light?

METHOD
Research Model
We analyze LCUT according to the “partial credit or point model” of RM. The model proposed by
Masters in 1982 is a suitable model for polytomous items that require multiple stages and are given
partial points if different stages are completed during the analysis process (Kaskati, 2011; Yiiksel,
2012). In the Partial Credit Model (PCM), each item has its own ordered scale structure (Giilkaya,
2018). In this model, instead of a binary result as yes/no for items, partial scores can be obtained by
considering the answers given when reaching the result (Uzunsakal & Yildiz, 2018). It is useful in
situations where students do not mark only as true or false; thus, student competencies can be
determined in more detail. So, in the study, we determine the competencies of students on the concept
of light from a basic level to a detailed level using PCM.

Participants

The participants were 355 students randomly selected, consisting of 164 girls (46.2%) and 191 boys
(53.8%) in the fifth-grade of a state primary school in Izmir city centre. In the study, we chose the
sample to represent the general population by using random sampling method from students with
similar socio-economic characteristics. The most important feature of this sampling method is that all
units in the general population have an equal and independent chance to be selected for the sample
(Biiyiikoztiirk, Cakmak, Akgiin, Karadeniz, & Demirel, 2014).
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Development of Data Collection Tool

In the study, we developed the Four-tier Light Conceptual Understanding Test (LCUT) and analyze it
with RM. We used a 4D model (Defining, Designing, Developing, Disseminating), which helps the
researcher to design a product that will help the student develop their skills in the learning process
(Irawan, Nyoman Padmadewi, & Artini, 2018), in the development of LCUT. In the ‘defining’ stage,
we conducted a literature review on the subject of light and four-tier tests. During the ‘designing’
stage, we examined the structure of the four-tier test. The first tier of the four-tier test is the multiple
choice question tier; the third tier is the reasoning tier for the response to the first tier. The second and
the fourth tiers are the confidence tiers. There are six options which are rated between “1” and “6” in
the confidence tier, respectively: “Just guess”, “I'm not too sure”, “I'm not sure”, “I’'m sure”, “I'm
pretty sure”, and “I'm absolutely sure.” The design of the four-tier test is shown in Figure 1.

1.1) (Multiple Choice Question Tier)
A)
B)
<)

i M 2) 3 @ ®) ©)
Co;ﬁl:}elnce Just guess I'm not too | I'm not sure I'm sure I'm pretty | I'm absolutely
eve sure sure sure
1.3) I chose the answer above. Because; (Multiple Choice Reasoning Tier)
A)
B)
<)

o M @ @ @ ) ®)
Cu:ﬂﬂl:?eln C8 | Tust guess I'm not too | I'm not sure I'm sure I'm pretty | I'm absolutely
eve sure SUre sure

(Confidence Tiers ; 1.2 and 1.4 )

Figure 1. The design of Four-tier test

In the ‘developing’ stage, we considered studies on the literature about conceptual understanding
levels and misconceptions on the subject of light, achievements regarding the subject of light in the
curriculum of the science course, textbook, achievement tests, the suggestions of the course teachers
and experts, and the opinions of the students and the answers given in the open-ended exams. In this
stage, we developed LCUT consisting of fourteen questions and then we examined these items by the
opinions of a faculty member, a field expert, and two science teachers. Considering experts'
evaluations, we took into two questions determined to have the same content into the same question
root, and canceled one question. A Turkish teacher and 20 students in higher education examined
LCUT, which consisted of twelve questions, in terms of reading and understanding. In accordance
with the feedback of languege expert, we eliminated the deficiencies in the form of spelling errors and
we developed the final measurement tool. We applied LCUT to 355 fifth-grade students in
approximately one class hour. Sample questions related to the questions in LCUT are presented in
Figure 2. The distribution of the questions in LCUT according to the achievements of the science
education program (MNE, 2018) is given in Table 1.
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Table 1. Achievement distribution of questions

UNIT  SUBJECT ACHIEVEMENT QUESTION

Spreading the light 1-Observing that the light coming from a source follows a linear path  Q1, Q10

- in all directions, it shows with drawing.
I
o 1-Observes the reflactions of light on smooth and rough surfaces and  Q4, Q6
— . . shows them by drawing.
w Reflaction of light . y ng. . .
T 2-Explains the relationship between the incoming beam, reflected Q2, Q3
g beam and the normal of surface.
% Encounter of light 1-Categorizes the substances according to their light transmittance Q7, Q8
< with a substance status.
L
g 1-Observes how the full shadow is formed and shows it with simple Q11, Q12
w Full shadow beam drawings.
2-Discovers the variables that affect the full shadow with experiments.  Q5, Q9, Q12
1.1) Nilsu observing the candle his father lit during a power outage at home; she drew 9.1)
the shape of the candle on his notebook, showing the light rays of the candle. 1 2 3
<sc=] <@ <=
Accordingly, what could be the picture that Nilsu drew on her notebook?
A) B) 0) In the above figure, the movement of the light source alone is shown by I, the
m &.\ f ﬂ f;,..-) movement of the ball alone is shown by 2, and the movement of the curtain alone is
“ d% f 6.\3 shown by 3, provided that the other variables remain constant.
/ \' l[. \ Accordingly, whichever of the 1,2 and 3 processes is done alone, the length of the
full shadow that will occur on the screen increases?
Al B)2 03
12
Confidence | ) | @ O Ly © B a2 n 2) 3 4 (5) (6)
Level st groess lm:j{:tﬂ“ fmnotsure | - 'm sure Lm‘E:“} fim zi:::\:umy C"Tz::;'“ Justguess | I'mnottoo | Fmnotsure | I'msure | I'mpretty | I'm absolutely
1.3) [ chose the answer above. Because; 9.3) 1 chose the answer above, Because;
A) Light rays spread linearly in one direction. ) ) i
B) Light rays spread linearly in all directions A) Shadow length increases as the light source moves away from the object.
C) Light m}.; ;pmad curvilinear in all dtrt‘cl—il.)ni B) Shadow length increases as the ball approaches the light source
o ) C) Shadow length increases as the curtain approaches the ball.
¢ :,; | o) 3) ) (5) (6) 04
ONHEENEE | st guess | Imnottoo | Pmnotsure | I'msure | I'mpretty | 'm absolutely Confidence (n @) 3) ) (5 (6}
Level re e oure Level Justguess | 'mnottoo | 'mnotsure | I'msure | I'mpretty | Pmabsolutely
sure sure sure
Figure 2. LCUT sample questios
Analysis of Data

Scoring Categories for LCUT

Due to the four-tier test, we gathered the answer combinations for the responses given to the tiers in
each test item under six categories as Scientific Knowledge, Misconception, Lucky Guess, False
Positive, False Negative, and Lack of Knowledge (See Table 2).

Table 2. Scoring Categories for LCUT

CATEGORY SK LG FP FN MC LK

1.TIER T T T T T F F T T T F F F F F F
2.TIER S S NS NS S S S S NS NS S S NS NS NS NS
3.TIER T T T T F T F F F F T F T T F F
4.TIER S NS S NS S S S NS S NS NS NS S NS S NS

SK: Scientific Knowledge, LG: Lucky Guess, FP: False Positive, FN: False Negative, MC: Misconception,
LK: Lack of Knowledge, T: True, F: False, S: Sure (Confident Level>3,5), NS: Not Sure: (Confident Level<3,5)

Although six scoring categories are used for four-tier tests, in the study, we determined the conceptual
understanding levels of students based on a Rasch analysis, and therefore, we arranged the 3 different
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scoring categories for the correct answers given at each tier for RM: Conceptual Understanding,
Misconception, and Confidence Level (See Table 3).

Table 3. Scoring categories for Rasch analysis

CATEGORY TIER SCORE EXPLANATION
1.Tier 1 If the student responds correctly to 1. Tier (Question Tier)
iy % 0 If the student responds incorrectly to 1.Tier
g =) 3.Tier 1 If the student responds correctly to 3. Tier (Reasoning Tier)
'E <Z.: 0 If the student responds incorrectly to 3.Tier
E)J E l.and 3. Tier 1 If the student responds correctly to 1.and 3. Tier
g W 0 In all other alternatives
© % All Tiers 1 When the student responds correctly to 1. and 3.Tier with confidence
0 In all other alternatives
1.Tier 1 If the student responds incorrectly (accompanied by misconception) to 1. Tier
0 If the student responds correctly to 1.Tier
(Z) 3.Tier 1 If the student responds incorrectly (accompanied by misconception) to 3. Tier
E 0 If the student responds correctly to 3.Tier
E)J l.and 3. Tier 1 If the student responds incorrectly to 1. and 3. Tier
% 0 In all other alternatives
8 All Tiers 1 If the student responds incorrectly to 1. and 3.Tier with confidence
s 0 In all other alternatives
2.Tier 1 CL >3.5 (Sure)
% | 0 CL < 3.5 (Not Sure)
a) LI>J 4.Tier 1 CL >3.5 (Sure)
= w 0 CL < 3.5 (Not Sure)
8 2.and 4. Tier 1 CL >3.5 (Sure) for 2, and 4. Tier

0 In all other alternatives

CL: Confident Level, The threshold value was considered as 3,5 to determine CL

Table 3 shows that since a certain score is taken based on the responses given in each tier of each test
item, PCM was used in the analyses to be conducted. Within the framework of PCM, partial scores
can be obtained based on the responses given for the tiers of each item of the four-tier test. Therefore,
we converted response alternatives related to the tiers in each test item specified in Table 2 were
converted into partial scoring in line with the scoring categories in Table 3.

Table 4. PCM scoring key

CATEGORY SCORES
Conceptual Understanding Misconception Confident Level

SK 4 0

LG 3 0

FP 1 1

FN 1 1

LK (Alternatives with correct answers) 1 1

LK (Alternatives with wrong answers) 0 3

MC 0 4

S 3
PS 1
NS 0

SK: Scientific Knowledge, LG: Lucky Guess, FP: False Positive, FN: False Negative, MC: A Misconception,
LK: Lack of Knowledge, S: Sure (Confident Level [CL]>3.5 for 2-4.tiers), NS: Not Sure: (CL<3.5 for 2-4 tiers),
PS: Partial Sure (CL>3.5 for 2.tier, CL<3.5 for 4.tier or vice versa)
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As a result, the scoring key (0-1-3-4) for conceptual understanding, misconception, and confidence
level was created for the four-tiers (See Table 4).

Rasch Model Analysis Findings

We analysed by the data through WINSTEPS software to answer research questions. In the first part,
we tested LCUT's reliability and its validity. In the second part, we examined students' responses on
LCUT in the scope of conceptual understanding, misconception, and trust level.

Findings on Validity and Reliability

In this part, we evaluated LCUT's reliability and its validity through WINSTEPS software. In Rasch
analysis, reliability is examined under two headings: person reliability and item reliability. Person
reliability refers to the consistency of student responses and item reliability refers to the quality of test
items. Accordingly, Table 5 shows the analysis results on person reliability for students and item
reliability for LCUT's items.

Table 5. Rasch analysis results about person and item for LCUT

PERSON Total Count Measure Model Infit Infit Outfit Outfit
Score S.E. Mnsqg ZSTD Mnsqg ZSTD
MEAN 28.8 12.0 52.48 2.23 1.01 .0 1.02 i
P.SD 9.9 .0 441 .65 .38 1.0 .68 .8
S.SD 10.0 .0 4.42 .65 .38 1.0 .68 .8
MAX. 47.0 12.0 66.39 7.48 2.56 25 5.67 3.1
MIN. 8.0 12.0 43.06 1.90 .18 -2.9 17 -1.9

REAL RMSE=2.51, TRUE SD=3.63, SEPARATION=1.45, Person RELIABILITY=.68, S.E.of Person Mean=.24
MODEL RMSE=2.53, TRUE SD=3.75, SEPARATION=1.61, Person RELIABILITY=.72

ITEM Total Count Measure Model Infit Infit Qutfit Outfit
Score S.E. Mnsq ZSTD Mnsq ZSTD
MEAN 866.1 355.0 50.0 41 .98 -0.1 1.02 4
P.SD 264.3 .0 4.10 .08 13 1.7 .26 1.7
S.SD 276.1 .0 4.28 .08 13 1.7 27 1.7
MAX. 1300.0 355.0 55.94 .60 1.19 2.7 1.39 2.9
MIN. 456.0 355.0 42.33 .36 81 -3.1 .54 -1.9

REAL RMSE=.42, TRUE SD=4.08, SEPARATION=9.62, Item RELIABILITY=.99, S.E. of Item Mean = 1.24
MODEL RMSE=.42, TRUE SD=4.08, SEPARATION=9.80, Item RELIABILITY=.99

The results in Table 5 show that while the person reliability for LCUT is in the range of .68-.72, the
Cronbach alpha value is .76 and the item reliability for LCUT is .99. In this case, are the results
reliable or not? To decide to this, the ideal value of person reliability should be greater than .80 (Bond
& Fox, 2007; Linacre, 2014), however, the values greater than .60 can be accepted as reliable,
repeatable, and valid for measurement (Zain, Mohd, & El-Qawasmeh, 2011), and even values greater
than .67 can be considered reasonable (Fisher (2007). Moreover, person reliability is also equivalent
to Cronbach alpha (KR-20), which is CTT reliability (Linacre, 2014). For a measurement tool to be
considered reliable, the Cronbach alpha coefficient must be greater than .70 (Biyiikoztiirk et al.,
2014). In additon, item reliability, the acceptable value should be greater than .80, and values in the
range of .67-.80 may be reasonable (Fisher, 2007; Linacre, 2014). Overall, the results in Table 5 show
that the person, Cronbach’s alpha and item reliability coefficients for the measurement reliability of
LCUT can be accepted within the range of the reliability criteria.

A Rasch analysis allows person and item separation coefficients to evaluate internal consistency of a
test. The person separation coefficient refers to the range of measured ability scores, and the item
separation coefficient refers to the spread of item difficulty levels. Separation coefficient values are
between 0 and infinite, and higher values indicate better separation (Boone & Noltemeyer, 2017).
Linacre (2019) states that the item separation coefficient should be 3 or above. In terms of person
separation coefficient, 1.50 is weak, but acceptable, 2.00 is good, and 3.00 is considered excellent
(Duncan et al., 2003; Fisher, 2007; Linacre, 2019). Therefore, Table 5 shows that both the person
(1.61) and item (9.80) separation coefficients of RM are appropriate and acceptable for the test's
internal consistency.
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The determining that the scores of a measurement tool are meaningful, useful, and purposeful by
analyzing the construct validity results in RM is likely. The point measurement correlation (Ptmea
Corr), infit mnsqg and outfit mnsq statistics in the analysis of RM can determine the construct validity
of a test. Table 6 shows that the results of the Ptmea-Corr analysis on each item in LCUT.

Table 6. Item analysis results based on RM for LCUT’s construct validity

ITEM TOTAL TOTAL MEASURE MODEL INFIT OUTFIT PTMEA-AL EXACT
SCORE COUNT SE MATCH
MNSQ ZSTD MNSQ ZSTD Corr. Exp. OB% EXP%
S1 1300 355 42.33 .60 .82 -1.2 .54 -1.9 .36 27  76.6 73.2
S2 664 355 53.00 .36 1.06 9 1.09 9 .52 55 234 23.7
S3 1068 355 47.48 40 .87 -1.8 .83 -11 .49 43 422 374
S4 1006 355 48.43 .38 81 -3.1 .76 -1.9 .53 46 408 33.8
S5 456 355 55.94 .39 111 15 1.39 2.8 .50 57 243 321
S6 1269 355 43.35 .54 .82 -15 .69 -1.3 .39 30 705 65.0
S7 782 355 51.46 .36 1.15 2.3 1.16 1.6 .48 53 217 211
S8 840 355 50.70 .36 1.02 4 1.02 .2 .52 51 199 20.6
S9 776 355 51.54 .36 1.02 3 1.04 4 51 53 223 20.6
S10 1058 355 47.64 40 .95 -.6 1.36 2.2 43 44 361 35.1
S11 657 355 53.09 .36 .96 -.6 .98 -1 .56 55 217 23.7
S12 517 355 55.02 .38 1.19 2.7 1.36 29 .48 .56 185 27.2
Mean  866.1 355 50.00 41 .98 -1 1.02 4 348 344
P.SD 264.3 4.10 .08 A3 1.7 .26 1.7 19.0 16.6

In Table 6, the Ptmea-Corr values are in the range of .36-.56 for LCUT's items. While Bond and Fox
(2007) stated that the correlation coefficient should have values greater than .30, Othman et al. (2014),
on the other hand, stated that values less than .35 mean weak and low correlation, values between .36-
.67 mean moderate and reasonable correlations, values between .68-1.00 represent strong and high
correlation values. The results in Table 6 explain that the Ptmea-Corr values have a moderate and
reasonable correlation in comparison with these threshold values (Bond & Fox, 2007). This means
that each test item can distinguish the ability of the participants.

Fit statistics in RM were also evaluated for determining the construct validity. Linacre (2002) states
that fit statistics values between .50-1.50 are suitable values for measurement. Considering these
statistics in Table 6, the values of infit mnsq statistics are in the range of .82-1.19 and outfit mnsq
statistics in the range of .54-1.39. In addition, the standardized z values (ZSTD) in Table 6 are
between -3.1/2.7 for infit, and are between -1.9/2.9 for outfit. ZSTD values should be between -
2.0/2.0, but ZSTD values that are not within the desired limits can be ignored if infit and outfit mnsq
statistical values have acceptable values (Bond & Fox, 2007; Linacre, 2014). Therefore, these results
indicate that all the items in LCUT are in harmony for the measurement in the range of Linecra's fit
statistics values.

RM is based on the unidimensionality of the test items. In other words, the test is expected to measure
a single structure. Linacre (2006) suggests to check the multidimensional of test. In this case,
Principal Compenent Analysis (PCA) should be performed to evaluate dimensionality. So, the data
obtained from the Winsteps software were applied PCA. Consequently, the raw variance explained by
measures for LCUT was 42.3% and, the eigenvalues of the unexplained variance in 1st, 2nd, 3rd, and
4th contrasts were 1.4, 1.3, 1.2, and 1.1, respectively. The results verify that data have a
unidimensionality within the criteria determined by Linacre (2006). Overall, we can suggest that the
conceptual understanding test (LCUT) developed on the concept of light is a valid and reliable
measurement tool according to RM.

Findings on Person-Item Wright Map

RM allows the comparison of difficulty levels of each test item with the person’s ability level in a
common metric unit of measurement. Therefore, the Winsteps software allowed the association of
item difficulty level with person ability levels by converting them into common measurement values.
Thus, a common measurement unit on the same linear scale called Person-ltem Map (Wright Maps)
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can explain person ability and item difficulty measurements (Bond & Fox, 2007). Accordingly, the
person-item map in Figure 3 shows the distribution of test items and persons in a common
measurement metric. The person-item map is arranged in two vertical histograms. The right side is for
participating students, and the left side is for test items. Vertical movement on the person-item map
indicates that the ability of the participants ranked from highest to lowest in the right side, and test
items ranked from hardest to easiest in the left side. “M”, on the separation line in the middle of the
person-item map, means the average of item difficulty and person ability, “S” (Single) means one
standard deviation distance from the average, “T” (Twice) means two standard deviations from the

average.
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Figure 3. Conceptual understanding person-item map

Figure 3 shows a great distribution of the test items according to difficulty level and the person ability
level. This distribution indicates that the item and person separation are high and test difficulty is
appropriate. On the other hand, since the Winsteps software determines a common measurement
value, it makes possible to compare the average values of person ability and item difficulty.
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Accordingly, the average measurement values in the distribution is 50 for item difficulty and is 52 for
person ability. Consequently, these values are quite close to each other. This indicates that the range
of test items is suitable for the group of participants, that is, test items are not too difficult or too easy
for students. According to the person-item map, the questions below the average item difficulty (S1-
S3-S4-S6-S10) are relatively easy questions, while the questions above the average item difficulty
(S2-S5-S7-S8-59-S11-S12) are relatively difficult questions. On the basis of person's ability, we
determined that the questions equal to and above the average person ability were the items coded as
S2, S5, S9, S11, S12 (difficult for students), and also the most difficult questions were S5 and S12.
On the other hand, although items coded as S7 and S8 are above the average item difficulty, they
remain below the average person's ability. Accordingly, items coded as S1, S3, S4, S6, S7, S8 and
S10, which are below the average person ability, are easy questions for students. The questions coded
as S1 and S6, which all participants responded correctly, are below the lowest person ability.

Undoubtedly, this assessment is likely to conduct in the context of average person ability and item
difficulty measurement for each person. Therefore, these findings of Rasch analysis indicate that RM
allows to determine the conceptual understanding level regarding the subject of light.

Findings on Students' Conceptual Understanding Levels

The person-item maps can help to identify students with the highest ability and lowest ability. For
example, Figure 3 shows that the ability level of many students is even above the item coded as S5,
which is determined to be the most difficult question. Therefore, the ability level of students who are
above the item coded as S5 in Figure 5 is above the difficulty level of all questions and is at a level
that can answer all questions correctly. Among the students who are above the item coded as S5, a
total of nine students coded as 042, 065, 072, 0160, 0196, 0207, 0248, 0288, and 0337, have the
highest conceptual understanding level. On the other hand, the student coded as 0325, which is at the
bottom of the person-item map, has the lowest ability.

In Figure 3, the number of students at and above average person ability is 207. Accordingly, 58.3% of
the students (207/355*100=58.3) are at or above the level of average person ability. Considering this
result, the conceptual understanding level of students about the concept of light is at a medium level.
While the questions above the average person ability (S2-S5-S9-S11-S12) are relatively difficult for
students, the questions below the average person ability (S1-S3-S4-S6-S7-S8-S10) are easy questions.

In the evaluation of the achievement distribution of the questions, the students have low conceptual
understanding abilities in terms of full shadow (S5-S9-S11-S12) and reflaction laws (S2), while they
have high conceptual understanding abilities in light diffusion (S1-S10) and the reflaction of light
(S3-S4-S6). In addition, the conceptual understanding abilities in the subject of light with a substance
(S7-S8) are relatively moderate because the fact that question items coded as S7 and S8 are below the
average ability level.

RM also provides a comparison of students’ ability with other variables. Figure 4 shows that
comparison of students' ability levels with confidence levels. In the Figure 4, the dashed blue lines
show the relationship between the students, while the dashed red lines indicate the relationship
between the questions.

Figure 4 explains that 275 students (77.5%) answered all questions with a high level of confidence.
According to the conceptual understanding person-item map, 58.3% of the students were evaluated in
the scientific knowledge category by answering the questions correctly with a high level of
confidence. This means that there are students who think that the wrong answers are correct within the
group of students with a high level of 77.5% confidence. Students in this group are evaluated in the
category of misconception due to their wrong answers.

When Figure 4 was examined in the context of questions, items coded as S1 and S6 are at the lowest
difficulty level and were responded highly confidently by all students. In fact, there is a similar
situation in questions coded as S3, S4, and S10. Students responded to items coded as S3, S4, and
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S10, which were not difficulty to answer, with a high level of confidence. On the other hand, although
items coded as S5, S9, S11, and S12 were difficult questions, many students responded these items
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Figure 4. Comparison of conceptual understanding and confidence level person-item maps
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As a result of the comparison of conceptual understanding and confidence level for person ability in
Figure 4, students coded as 042, 065, 072, 0160, 0196, 0207, 0248, 0288, and 0337 have the
highest person ability and confidence level. This high connection shows that students are at a high
cognitive level in terms of conceptual understanding, that scientific knowledge is fully and accurately
placed in their cognitive structures, and therefore they are very confident in their responses. On the
other hand, student coded as 0325 has the lowest ability level and a medium level of confidence in
terms of conceptual understanding. This low connection indicates that student coded as 0325 does not
reach correct answers in terms of conceptual understanding, but is confident in most of the answers to
the questions in the test.

As a result of the comparison of conceptual understanding and confidence level’s person item maps,
achieving the result that students are sure of their answers, even if they respond incorrectly, required a
comparison on the misconception person-item map in the continuation of this study.

Figure 5 provides a comparison of the conceptual understanding person-item map and the
misconception person-item map. In the evaluation map of the conceptual understanding, the
guestions that are difficult to answer by the students are at the left top of the map, the questions that
are easy to answer are at the left bottom. Moreover, in the misconception person-item map, the
guestions that are answered incorrectly (the questions with the misconception) are below in right of
the map.

According to Figure 5, the question, which is the most difficult to answer and best determines the
misconception, is the test item coded as S5. In other words, the students answered the item coded as
S5 with the highest rate of misconception. Additionally, the questions that are difficult to answer
correctly and that best determine the misconception are the test items coded as S11 and S12 after the
guestion item coded as S5. On the other hand, the questions, which are the easiest questions under all
students' abilities and unable to detect the misconception, are the test items coded as S1 and S6. These
data coincide with the data obtained from the person-item map analysis.

In Figure 5, students coded as 042, 065, 072, 0160, 0196, 0207, 0248, 0288, and 0337 have high
ability in terms of conceptual understanding and have the lowest potential in terms of misconception.
Similarly, the findings show that student coded as 0325 has the lowest conceptual understanding
ability and the highest potential misconceptions, and different student coded as 0206 has the highest
misconception potential and the lowest conceptual understanding.

DISCUSSION and CONCLUSION

In this study, we preferred RM, which provides a detailed analysis of the data obtained from the
measurement tools and allows the researchers to convey the test-scale performance in the best way
(Boone & Noltemeyer, 2017). In this context, we developed a four-tier LCUT with RM and then
analyzed the data obtained from this scale. In the development process of LCUT, we provided
LCUT's validity and reliability with RM.

In terms of validity, RM analysis provides appropriate data on the construct validity of the
measurement tool (Wei, Liu, Wang, & Wang, 2012). Accordingly, we evaluated infit and outfit mnsq
statistics to determine the construct validity. All these statistics were in the range of .54-1.39. These
results show that all the items in LCUT are in the appropriate range for measurement (Linacre, 2002),
and are in harmony. Additionally, we analyzed Ptmea Corr statistics for the consistency between the
scores of the students in the test items and their ability measurements. As a result of the analysis, we
determined that all items were in the desired range (in the range of .36-.56) and positive. According to
the infit and outfit mnsq statistics, all items fit RM very well. As a matter of fact, since Rasch
measurement is based on individual response models that reflect individuals' reasoning skills, good
model-good data compliance shows that students' reasoning about the measurement tool items is
consistent (Wei, Liu, Wang, & Wang, 2012).
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When the data fit RM, the test items measure the intended unidimensional structure (Wei, Liu, Wang,
& Wang, 2012). RM is a unidimensional measurement model (Eggert & Bogeholz, 2010; Linacre,
2006; Planinic, Ivanjek, & Susac, 2010); unidimensionality is the basic condition of construct validity
(Rasch, 1961). In this context, we conducted a unidimensional assessment with the PCA for
determining the construct validity of LCUT. Since the results obtained for the explained variance and
the unexplained variance are within the specified criteria, we determined that the data showed a
unidimensional feature.

To determine the measurement reliability of LCUT, we examined person and item reliability, and also
separation coefficient values. First, we determined that the person reliability was .68-.72. We
interpreted this reliability in the same way as traditional Cronbach Alpha (Linacre, 2014), and
concluded that it was reliable, repeatable, and reasonable value in the .67-.69 measurement range
(Fisher, 2007; Zain, Mohd ve EI-Qawasmeh, 2011), and therefore the person reliability of IKAT was
satisfactory level. In fact, considering CTT perspective, this reliability value may indicate the
existence of a strong relationship between the observed person scores and the true scores without
errors (Cronbach alpha=.76). Second, we found that item reliability for the quality of test items was
.99. In the literature, values of .80 and above are accepted appropriate for item reliability (Fisher,
2007; Linacre, 2014), and therefore we decided that the item reliability of LCUT was appropriate
value. The separation coefficient is the spread estimate of items and ability, since they are expressing
statistically different levels of performance-difficulty. In the study, we observed that the separation
coefficient was 1.61 for the person and 9.80 for the item. In addition, according to Linacre’s (2016)
guidelines, it is possible to make an assessment by associating the reliability of the person with the
level of performance that the test can distinguish (separation unit 3-4 for .90, separation unit 2-3 for
.80 and separation unit 1-2 for .50). The person separation coefficient determined as 1.61 indicates
that people can be evaluated at two performance levels. Therefore, we can talk about the existence of
a match between the person reliability coefficient (.68-.72) and the determined performance levels.
Consequently, the fact that the person and item spread estimations specified as the separation
coefficient are within the specified criteria also contributes to the reliability of the measurement tool
(Duncan et al., 2003; Fisher, 2007; Linacre, 2019).

Rasch analysis has many advantages in determining students' competencies. The most important
advantages are the representation of the person and test items on the same equal linear scale (Bond &
Fox, 2007). In this way, RM enables the comparison of the ability level of the participants and
difficulty level of the test items by matching them to the determined theoretical latent feature with
positioning in a common metric (Clements, Sarama, & Liu, 2008). The common metric where the
ability level and test items are located is defined as the "Wright Map." In the conceptual
understanding person-item map, it was determined that 207 of 355 students were above the average
ability level, and that the conceptual understanding level was 58.3%. Therefore, on the map, we
observed that the ability level of more than half of the students is above the difficulty level of the
questions. Rasch analysis can help to determine the conceptual understanding level with item
difficulty level in its model (Wei, Liu & Jia, 2013). Considering this opinion, we found that the
students’ ability is above the average item difficulty level, that the majority of the students match the
items difficulty level very well. In other words, the vast majority of the students have the ability to
understand the latent feature to be measured (Baharun et al., 2017). On the other hand, it is possible
to find the study findings that the difficulty of the item is higher than the person's ability, and
therefore the participants have low conceptual understanding ability (Siang, 2011). In limited studies
conducted with Rasch analysis on the concept of light (Aminudin et al., 2019; Mesic et al., 2019),
results indicated that the average difficulty level was above the average ability, and the students were
at a low conceptual understanding level. Therefore, the study results that were based on the analysis
of the four-tier test with RM are important in terms of contributing to the limited study findings in the
literature.
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The literature emphasizes the need to conduct a confidence level analysis to see to what extent
students believe in their abilities (Aminudin et al., 2019). In the confidence level analysis of the study,
students answered the questions with a 77.5% confidence level throughout the test. In this context, the
study results indicate that students' confidence levels in their answers were quite high. On the other
hand, the clear difference between the proportion of students who are evaluated at the scientific
knowledge level by responding correctly to all tiers (58.3%) and the confidence level in the test
(77.5%) indicates that some students are quite sure of these answers, even if they responded
incorrectly. This difference points out the existence of students who are evaluated in the
misconception category as well as highly skilled students among high-confidence students. In a
comparison of the conceptual understanding person-item map with the misconception person-item
map, we determined that the data on the maps confirm each other, and that there was a linear
relationship between the students' confidence level and their misconceptions. Indeed, Aminudin et al.
(2019) determined that high-ability students are at a low level of misconception and low ability
students at a high level of misconception as a result of their studies.

In the comparison of the conceptual understanding level and the difficulty levels of the items, we
determined that the students had difficulty in answering some questions of the test (S5-S12), so the
difficulty level of these questions was above the ability level of most students. On the other hand, all
students answered two questions (S1-S6) of the test, correctly. In other words, the ability level of all
students are above the difficulty level of these questions. As a matter of fact, according to the Rasch
analysis, the person is more likely to respond to a lower item on the scale and less likely to respond to
a higher item on the scale (Boone, 2016). On the other hand, it is possible to determine the students
with the lowest and highest conceptual understanding on person-item maps (Bond & Fox, 2007). In
this aspect, we determined that the student with the lowest ability in terms of conceptual
understanding was student coded as 0325, and the students with the highest ability were students
coded as 042, 065, 072, 0160, 0196, 0207, 0248, 0288, and 0O337. Wright maps allow item
difficulty and person ability to be compared (Liu, 2010). As a matter of fact, thanks to the person-item
maps showing the data of both participants and test items, the most difficult and easiest questions of
the test can be easily determined without the need for another calculation.

In the person-item map of the conceptual understanding, we determined that the seven questions that
were above the average item difficulty were the questions that the students had difficulty in
answering. We listed these questions in the turn of items coded as S5, S12, S2, S11, S9, S7, and S8
starting from the most difficult one. Items coded as S1, S3, S4, S6, and S10 that are below the average
item difficulty level, are the questions that the students have no difficulty in answering. Four
guestions (S5-S9-S11-S12) in LCUT are to measure students' the conceptual understanding of full
shadows. These questions have difficult to answer, therefore, students' conceptual understanding is the
lowest level in this test items. As a matter of fact, studies on the concept of light indicate that students
have lacks of knowledge about shadow formation and shape (Blizak, Chafigi & Kendil, 2009; Epik et
al., 2002; Galili & Hazan, 2000; Tashdere & Eryilmaz, 2015), and factors affecting the shadow
formation (Galili & Hazan, 2000), and a full shadow. On the other hand, the most basic concepts in
the light diffusion unit are the diffusion and reflaction of light. In this context, the light, which is an
integral part of our daily life, and connected concepts are fully and correctly must understand.
However, studies display that student’s experience mental confusion about light and have low levels
of conceptual understanding due to the missing experiences they have in daily life (Ayvaci & Candas,
2018; Sahin, Ipek & Ayas, 2008). In the results of Rasch analysis for LCUT, the ability level of
guestion items coded as S3 (about normal of the surface), S4 and S6 (about reflaction of light on
smooth and rough surfaces) are below the average difficulty level. Inadditon, the ability level of
question item coded as S2 (about the laws of reflaction) is above the average difficulty level and is
challenges for students. These results support the findings of the studies in the literature, which
students have a lack of knowledge about the reflaction of light and the laws of reflaction (Aydoslu,
2018, Fariyani, Rusilowati & Sugianto, 2017; Kaplan, 2017; Wahyuningsih, Rusilowati & Hindarto,
2017). For example, Fariyani, Rusilowati, & Sugianto (2017) and Wahyuningsih, Rusilowati, &
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Hindarto (2017) determined that students with a low level of conceptual understanding have
alternative concepts in terms of laws of reflaction, incoming beam, reflected beam, and normal of
surface.

If light encounters a substance, the substances are classified as transparent, translucent, and opaque
according to their light transmission. However, the results of study point out that student has lack
knowledge in the context of classification of substances to light transmittance. As a matter of fact, in
the results of Rasch Analysis, the items coded as S7 and S8 (about light transmission status) are the
guestions on average item difficulty, but below the average person's ability. Accordingly, we conclude
that the students' conceptual understanding level for item coded as S7 and S8 is at a medium level.
This result of the study coincides with the studies in the literature and indicates that students have
difficulty in classifying substances according to light transmission (Kaplan, 2017). On the other hand,
the ability level of question items coded as S1 and S10 (about the diffisuon of light) indicates that
students are at a very high level of conceptual understanding.

RM is a theory-based approach to scale development through hypothesis testing (Clements, Sarama &
Liu, 2008). The construct validity of the measurement tool is ensured when the data fit RM. To
answer the first question of the study, we examined infit and outfit mnsg, point measurement
correlation, and reliability statistics. As a result, we observed that these statistical values were within
the desired limits. Accordingly, LCUT is a useful measurement tool with measurement reliability and
validity that allows measuring the level of conceptual understanding of light. In conclusion, we
determined that students' level of conceptual understanding toward the concept of light is above
medium level. Overall, the results on the conceptual understanding level by Rasch analysis for LCUT
are coherent with studies related to conceptual understanding on light in literature and so, will
contribute to the field with this aspect.

Possible Research Limitations

There are some potential limitations of the current study. First, RM was used instead of CTT in
determining the level of conceptual understanding, but only fifth-grade students and fith-grade Light
Unit were preferred for rasch analysis. The results indicate that the measurement tool developed for
determining the conceptual understanding level is a valid and reliable measurement tool according to
RM, and that the conceptual understanding level can be determined by RM. However, it would be
appropriate to compare the analyses with the Light unit and other units, and at other grade levels
regarding the effectiveness of RM. On the other hand, multi-tier tests in the literature mostly diagnose
misconceptions and present them to the educator. However, in the study, we examined the test
parameters of RM on LCUT and so did not diagnose misconceptions. Therefore, the data of the study
were limited by the statistical parameters of RM, and RM was not used to determine misconceptions.

Suggestions for Future Research
In line with the findings and comments of the research, we suggested in the following:
e Should be given priority to the use of the analyses that is free from the limitations of CTT,
conducted within the framework of LTT instead of the analyses based on CTT, as it gives
clearer results during the evaluation of the participants.

e Increasing the use of Wright Maps in evaluations based on Rasch analysis will provide
satisfying results in terms of evaluation of tests.

e Analysis results based on RM can be confirmed with exploratory and confirmatory factor
analyses in the future research.

e The frequent use of multi-tier tests, such as four-tier tests, where the participants can be
assessed about how confident they are with their answers rather than multiple-choice tests,
will provide more accurate and reliable results in the diagnosis of conceptual understanding
and misconceptions.
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o It will be beneficial to employ various methods and techniques in order to make the
knowledge gained by students' daily life activities permanent in subjects such as light, which
is an integral part of daily life.

e Since the data obtained from multi-tier tests are used in the diagnosis of misconceptions, it
will be appropriate to conduct the analyses based on RM regarding possible misconceptions.
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