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Abstract

The purpose of this research is to examine the validity of classifications by DINA Model
as a Cognitive Diagnostic Model and by traditional methods. In order to make
comparisons between DINA Model and criterion-referenced and normative models, a
measurement tool that belongs to “measurement and assessment in education” class
which is appropriate for DINA Model analyses is developed. Properties necessary for
answering each item of measurement tool are determined by scholars and the Q matrix
which shows item-property relation is prepared considering the compatibility of
decisions made by various scholars. Above mentioned measurement tool is applied to
471 undergraduates from the Faculty Education and Arts and Sciences of Ege University.
Raw scores of undergraduates are classified according to their success, that is whether
they passed the class or failed, through criterion-referenced and normative assessment.
And then this classification is compared with other classifications based on DINA Model.
The comparison of assessment by normative assessment and classifications by DINA
Model shows that the results are different for 50 undergraduates who failed and 28 who
passed the class. As a consequence of the study, it is observed that the inconsistency
between the normative assessment and DINA Model is 16.5% for the whole group. In
assessments done by criterion-referenced, for the students who failed, two methods give
the same results. However, for 87 students who are supposed to pass according to
criterion-referenced assessment, DINA Model results show that these undergraduates are
not qualified to give the right answers of the items. The incompatibility between
assessments according to criterion-referenced and classifications according to DINA
Model is calculated as 20%.
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INTRODUCTION

Cognitive diagnostic models (CDMs) are multi-dimensional implicit class
analysis models being used to determine both decisions about students and students’
incompetence. Recently CDM as a commonly used model considers relationship
between individuals” performance and skills being assessed by test item, instead of
relationship between performances of individuals being tested and group or test
items. In these models students’ skills are not tried to be identified on a continuous
scale, instead properties that student should have to answer each questions are
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identified and at the end of the analysis it is determined that which properties being
identified for the test are acquired by student. In this sense it is possible to examine
the validity of classification on a decision stage with assessment instrument
developed according to CDM and with test parameters determined by this model.
Concurrently it is expected to make well-timedly determinantion of incompetence of
student and teaching in the case of whether having a particular property or not by
using these models.

In CDM, most commonly used Deterministic Input Noisy And gate (DINA)
model is an analysis method based on implicit class analysis and grounded on multi-
dimensional item-response theory. This model presents useful and new point of view
to classify students according to particular cutoff score or to determine both
curriculum’ and students’ incompetence in teaching period.

DINA Model developed by Haertel (1989) is an implicit class model similar to
dual abilty models. For this reason it is closely in relation with item-response theory
(IRT) models (Haertel, 1990). However unlike item-response theory DINA model
does not assume that students have various sized and continuously distributed
abilities; it mostly divides students into well determined, limited number of different
implicit classes.

DINA model is based on item - property relation like seen in most CDMs.
Better functioning of the model depends on correct identification of properties that is
necessary to answer item correctly. It is necessary to prepare Q matrix to show
distribution of items correlated to properties in DINA model. Apart from this, there
are some other methods in which Markov Chain Monte Carlo estimation (MCMC) is
used. Q matrix is 1 - 0 pattern in which necessary properties to answer each
questions correctly are determined. In this matrix an item is represented in
association to only one property or more than one property. Moreover with
developed modifications of DINA such as G-DINA and HO-DINA there is a chance
to contribute more than one properties related to one item either by weighted or as
hierarchically into the analysis (de la Torre, 2010, de la Torre, & Douglas, 2004).

Parameter estimation in DINA Model

DINA model aims to reveal implicit property underlying the observed ability of
respondent. In this sense, model probably grounds the relationship between implicit
property and observed property, and it offers to classify two item parameters for
each item. These are s “slipping” and g “guessing” parameters.

5 =P|v;= Olm; = 1) and
g; =% l}rij' =1n; = UJ,

sj reflects the probability of giving wrong answer of individual having implicit
property to j item (incorrect positive possibility), and gj means the case of possibility
of giving correct answer of individual not having an implicit property (correct
positive possibility). The nij is a latend response which is defined deterministically
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through the equation M = Mo, The lower the sj parameter, the possibility of
giving correct answer of indiviuals having required properties increases (de la Torre,
2009).

The gj parameter is also called guessing parameter. Maris (1999) alternatively
explains gj parameter as a successfully usage of mental guessing ability. In this case
guessing parameter has different structure from chance parameter in IRT (item
response theory). In model the ¢ parameter means not only to be answered items
correctly by individual not having required property to answer item correctly. At the
same time it means that individual answers item correctly by using different
properties other than required properties. This shows that different properties not
being identified in Q matrix are also sufficient to answer item correctly. The g
parameter, proximal to “1”, for an item does not mean that item is answered by
individuals not having a required property, it is also interpreted that some required
properties to answer item correctly can not be determined.

Item-response function in DINA model is as follows:
if i < 1i:

1-—s: otherwise

In length % - K denotes the number of attributes measured by the test-, in the

case that % becomes a vector of an individual, the gj expresses the probability of an
individual guessing correctly despite not having at least one of the required
properties for item j, and 1- sj reflects the possibility of individuals who have all
required properties for an item respond the item incorrectly despite not making a
slip (de la Torre, Hong, & Deng, 2010).

In DINA model conditionally distributed item-response variable Yij depends on

both %; and "i. This is an extension of possibility function of DINA model.
Conditional independence showing independency among subjects can be written as
in follows:

L)
TSRS
L{SJE:Q:I HH 1- JL‘I{I J-LJ:I"TU [ J._.'I-LJ{_J- _Hj_}l J-LJ] i

i=1 j=

In DINA model s and g parameters emerge at a level of an item. Each item
divides population into two classes, and possibility of giving correct answer to item
of the students in same class becomes equal. Students” performance in exam is not a
complete indicator of vector of an attribute being predicted in test. For this reason a
model based on probability only allows to see possibility of s and g. Case of
“slipping” occurs when student responds to subtask or an item incorrectly while
he/she has required properties in an item. “Guessing” is a situation in which student
can complete the subtasks or respond the item correctly despite he/she does not
have required properties. In determination of selected model, thus, it is decided
whether s and g parameters substantiate at the level of a subtask or an item.
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Implicit classes and skill mastery estimation in DINA Model

In DINA model students fall within two basic classes for each item. First of
these two classes is null class, that is, the group formed by students not having any of
the required skills, and the other class is full class that is formed by students having
all skills. In DINA model one who does not have one of the skills is included in null
class. The function below shows that the possibility of being answered an item
correctly by an individual having all required skills:

5 [Fij = 1|’5'£j’sj'*<9j'] =(1- Sj}&u T

i

The P is the probability of being answered item correctly by student having all

required skills. 7 is an implicit respond being determined by a and i quality of
subject and vector of gj. The rank corresponds to j item of Q matrix can be
demonstrated like as follows:

K
kn. = l::»clf:'.h
i =y

Tatsuoka (1982) identifies @i = (@i .-.ew) as “knowledge states”. In this

equation, the case @x =0or1 depends upon whether student i has k; " ~ (?351’ #UJ
quality or not. j = shows item number. Each element of ai indicates whether the ith
student could master the kth skill or not and also help to determine observed score
Yij. For specific k property there is 2k possible knowledge model, i.e. implicit class.

DINA model determines 2k number of implicit class on the basis of k number
properties for a developed or an implemented test. For example if it is thought that
only 3 of the properties are tested in one test, in this case test takers are classified into
8 implicit classes. Possible classes for 3 properties are ranged as “000”, “100”, “010”,
“001”, “110”, “011”, “101” ve “111”. Individuals who do not have any of the
properties are settled in 1st class while individuals who have only first and third
properties settle in 7th class.

Determination period of DINA model whether respondent has specific
property or not is combination of different processes. Whether student settles in class
0 or in class 1 in terms of property is a probability value. This value may change, but
in general use .50 thresholds is used as a base. The probability of having a property
for student is less than .50 student gets involved in class 0 while the probability of
having a property for student is equal or is more than .50 he/she gets involved in
class 1. DINA model does not ground correct respond rate of item representing that
property while making estimation a about student. The probability of having a
property for student is related to difficulty of item represented that property (de la
Torre 2008c¢).

In this study DINA model parameters are predicted via test developed
according to CDM principles. This study having the meaning of real life application
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aims to suggest applicability of mostly theoretical properties related to CDM.
Comparison of application results being done under real conditions contribute to
exhibit similarities and differences or processing and inoperative parts of the theory.
For this reason, in study the research question, in which level the consistency of
classification being done via DINA model and by using normative and criterion-
referenced evaluation according to results of “Measurement and evaluation in
education” test developed via DINA model, was tried to be answered.

METHOD

The aim of this research is to reveal existent condition in terms of specifying
congruity level of a developed test to CDM. For this reason, this research can be
thought as a descriptive research. Moreover it is handled as a theoretical research
because it gives opportunity to compare different classification techniques related to
classification validity.

The population of research consists of 471 students taking measurement and
assessment course in Ege University. After being developed, measurement tool was
implemented to study group being formed by 471 students from different
departments. Descriptive statistics obtained from application of the test are presented
in Table 1.

Table 1.
Descriptive statistics of the test

Number of item 50
Respondent 471
Mean 32.12
Variance 59.6
Standart deviation 7.72
Skewness -.87
Kurtosis 1.20
Alpha reliability .85
Standard error 2.96
Average p .64
Average rpb 50

When descriptive statistics related to applied test are considered, it is observed
that distribution is negatively skewed and sharp. Mean of item difficulty indexes
shows that test is slightly more than intermediate difficulty. Reliability coefficient of
test scores is .85. This coefficient is accepted as high level for achievement tests
(Murphy & Davidsofer, 2001).

To determine Q matrix showing property - item relationship for model used in
the research, expert opinions are asked. Experts identified 7 properties for 50 items
and associate these properties to items. Thus 75 associations are emerged. Hereby 29
items are associated to 1, 17 items are associated to 2 and 4 items are associated to 3
properties. Three of the experts agreed upon 59 associations of 75 associations. It is
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observed that In 19 of the associations two of the experts reach an agreement. Q-
matrix being obtained by relating items to properties is shown in Table 2.

Table 2.
Q-Matrix intra testing instrument

Properties Properties
Item 1 2 3 4 5 6 7 Item 1 2 3 4 5 6 7
1 1 0 0 0 0 0 0 26 0 0 0 0 0 0 1
2 0 1 0 0 0 0 0 27 0 0 1 0 0 0 0
3 1 0 0 0 0 0 0 28 0 0 1 1 0 0 0
4 0 0 0 0 0 1 0 29 0 0 1 0 0 0 0
5 1 1 0 1 0 0 0 30 0 0 1 0 0 0 0
6 1 1 0 1 0 0 0 31 0 0 1 0 0 0 0
7 1 1 0 1 0 0 0 32 0 0 0 1 0 0 0
] 0 1 0 0 0 0 0 33 0 0 1 0 0 0 0
9 1 0 0 0 0 0 0 34 0 0 1 1 0 0 0
10 1 1 0 0 0 0 0 35 0 0 1 0 0 0 0
11 0 1 0 0 0 0 0 36 0 0 1 0 0 0 0
12 1 0 0 0 0 1 0 37 0 0 1 1 1 0 0
13 1 0 0 0 0 1 0 38 0 0 0 1 0 0 0
14 0 0 0 0 0 1 0 39 0 0 0 1 1 0 0
15 0 1 0 0 0 1 0 40 0 0 0 1 1 0 0
16 0 1 0 0 1 0 0 41 0 0 1 0 0 0 0
17 0 0 0 0 0 0 1 42 0 0 0 1 0 0 0
18 0 0 0 0 0 1 0 43 0 0 1 1 0 0 0
19 0 0 0 0 0 1 0 44 0 0 0 1 1 0 0
20 0 0 0 0 0 1 0 45 0 0 0 1 0 0 0
21 0 0 0 0 0 1 1 46 0 0 0 1 1 0 0
22 0 0 0 0 0 1 1 47 0 0 0 0 1 0 0
23 0 0 0 0 0 0 1 48 0 0 0 1 1 0 0
24 0 0 0 0 0 1 1 49 0 0 0 1 1 0 0
25 0 0 0 0 0 0 1 50 0 0 0 1 0 0 0

In DINA Model, concordance of Q-matrix to data and the model is examined by
different techniques. First of all DINA model statistics to compare data concordance
are calculated during test phase. These statistics provide opportunity to compare
different models being used for data. At the same time parameters of DINA model
give information about item representation level of properties defined with q-matrix.
Information related to model-data concordance and representation level of g-matrix
is conveyed in data analysis part.

Model-data fitting

In research concordance of model indicated with g-matrix is examined by using
g-matrixes being prepared by experts and g-matrix prepared according to expert
concordance. AIC and BIC statistical values acquired by results of analysis being
done by using g-matrix prepared by three experts and g-matrix determined in the
light of expert concordance are given in Table 3.
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Table 2.
AIC and BIC Criterias for Model-Data Comparison
Expert
Expert1l  Expert2  Expert3 concordance
Q Matrix Q Matrix Q Matrix Q Matrix
AIC 28791.02  28790.10  28796.21 28789.31
BIC 29756.17 2974625  29769.37 29732.46

As it is seen in Table 4 above, model determined by considering concordance
among experts corresponds to data better.

Parameters of DINA Model

Q-matrix prepared within the research and gathered data were tested via DINA
model unit software developed for oxedit programme and thus parameters related to
measurement tool. The s, g and (1-s) values determining qualities of measurement
tool and Q-matrix are given in Table 4.

Table 3.
DINA Model parameters related to testing instrument

Item 4 S 1-s Item 4 s 1-s
1 74 .08 .92 26 40 27 73
2 14 .64 .36 27 49 13 .87
3 48 A1 .89 28 45 25 75
4 .50 23 77 29 32 24 .76
5 .59 .06 94 30 .59 18 .82
6 45 18 82 31 .68 16 .84
7 .76 A2 .88 32 31 A1 .89
8 .26 .55 45 33 43 24 .76
9 .83 .63 37 34 73 27 73

10 .75 .02 .98 35 .50 31 .69
11 49 27 73 36 .61 22 .78
12 .52 .09 91 37 34 13 .87
13 .68 22 .78 38 32 24 .76
14 .32 49 .51 39 42 42 .58
15 47 34 .66 40 .62 33 .67
16 43 .03 .97 41 £55 22 .78
17 24 15 .85 42 .80 .26 74
18 51 18 .82 43 .58 46 .54
19 40 24 .76 44 81 41 .59
20 40 .36 .64 45 .80 33 .67
21 43 24 .76 46 .67 18 .82
22 .52 14 .86 47 99 49 51
23 .38 .03 .97 48 .84 33 .67
24 .35 .35 .65 49 .29 26 74
25 71 30 70 50 30 17 .83
Mean .52 25 .75

When the s and the g parameters of DINA model relating to measurement tool
are examined, it is seen that g value falls between .14 ile .99. s parameter values
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relating to measurement tool vary between the range of .02 and .64. While looking at
the mean of the parameters, it is seen that mean of g value is .52 and mean of s value
is .25. Wenmin (2006) said that low s values and high g values are indicators of the
simplicity of test. When s and g parameters are examined, it is seen that test is some
more easy than average.

Criterias related to pass-fall decisions

Within the scope of research because validity of decisions related to course
success of group to which measurement tool is applied is being examined, according
to normative and criterion-referenced assessments about students for analysis
criterias are taken differently.

Normative assesment:

Within the context of Ege University in the parts used in normative assessment
criteria score is 60 point over 100 point. For this reason in the scope of study passing
decision for student 60 point is accepted as criteria.

Criterion-referenced assessment:

In the system of normative assessment of Ege University students” letter grades
are determined according to predetermined level criterias. Class level is predicated
on mean of raw scores and identified as in Table 5.

Table 4.
Criterion referenced assessment class level

Level Mean of raw scores
Excellent 70-100
Very good 62,5-70
Good 57,5-62,5
Above average 52,5-57,5
Average 47,5-52,5
Poor 42,5-47,5
Worse 0-42,5

With which criterias students’ letter grades are determined in criterion-
referenced assessment is given in Table 6.

According to students’ letter grades being determined according to criterias
given in Table 6, students, except students with letter grade FF and FD, are supposed
as successful in that lesson. In research findings related to criterion-referenced
assessment are calculated according to explanations given above.

DINA Model:

In literature there are no any studies having aim to make pass-fall decision
about individuals who take test by using properties determined by DINA model or
having aim to compare these properties with a different technique. For this reason to
compare number of properties that students possess with the results of normative
and criterion-referenced assessment it is tried to determine a criteria related with
DINA model by asking experts” opinions.
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Table 5.
“t” Threshold value of letter grades
Level FF__ FD DD DC cC CB BB BA AA
Excellent <34 343899 39-43,99 44-4899 49-5399 54-58,99 59-63,99 64-6899 269
Very good <36 36-40,99 414599 46-50,99 51-5599 56-60,99 61-6599 667099 271
Good <38 384299 43-47,99 48-5299 53-5799 58-62,99 63-67,99 687299 273
Above average <40 40-4499 45-49,99 50-54,99 55-59,99 60-64,99 65-69,99 70-74,99 275
Average <42 424699 475199 52-5699 57-6199 626699 67-71,99 727699 277
Poor <44 444899 49-53,99 54-5899 59-6399 64-68,99 69-73,99 747899 279
Worse <46 46-50,99 51-55,99 56-60,99 61-6599 66-70,99 71-75,99 76-8099 =81

For this purpose opinion related to this subject of three experts instructing
“measurement and assessment in education” lesson in two different universities is
asked. Experts that examine the measurement tool developed for this research and Q
matrix being determined according to items in measurement tool achieve a
consensus on to define possessing any four of seven properties identified by DINA
model for being successful as a threshold.

In accordance with experts’” opinion in parallel with threshold 60% identified
for absolute criteria it is decided to accept possessing at least four of seven properties
determined for measurement tool as success criteria in lesson for DINA model.

FINDINGS AND COMMENTS

After application of measurement tool the comparison of pass-fall decisions
being made about students according to absolute and relative criterias with implicit
classes students belong to being determined by DINA model is examined.

In Table 7 below, the distribution of students being decided for pass or fall
based on absolute criteria related to testing and measurement in education is seen.

Table 6.
Pass-fall ratio per absolute criteria

Decision Frequency Percentage
Fall 138 29.2
Pass 333 70.6
Total 471 100

As is seen in Table 7, 333 persons in a group are assumed to be succeeding in
lesson while 138 persons are assumed to be failed. Success rate of the group is at the
level of 70%. Distribution of students in study group according to possessed
properties being determined by DINA model is given in Table 8.
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Table 7.
Absolute criteria and ratio of students being made decision for pass or fall
DINA Model
Fall Pass Total
Absolute  Fall 88(%18.7) 50 (%10.6) 138(%29.3)

criteria ~ Pass 28 (%5.9) 305 (%64.8)  333(%70.7)
Total  116(%24.6) 355 (%754) 471 (%100)

When the entire group is taken into account, 50 of 138 students being decided
for fall amongst total of 471 students and 28 of 333 students being decided for pass
are classified as inconsistent according to having the number of properties being
determined via DINA model. In this sense it is observed that 16.5% of classifications
being done by absolute criteria for 471 students are inconsistent in terms of DINA
model classifications. The correlation between number of properties that students
have and raw scores that students have taken from the test is shown in figure 1.
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Figure 1.
The correlation between number of properties of students and raw scores in terms of pass -
fall decision via absolute criteria

The slot in Figure 1 is shown minimum property number, 4, that students
should have to accept succeed in the lesson. Individual expressed by square in graph
are succeed in lesson while individuals expressed by circle are fail in the lesson. In
this sense squares under the slot and circles above the slot represent inconsistent
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classifications between two methods. In view of error margin of two models, 17
students assumed as a fail in the lesson in spite of having six properties and 11
students assumed as succeeded in the lesson despite having two properties give an
idea about significant level of inconsistency ratio between two methods. The ratio of
pass-fall decision mistakes for normative assessment is at the level of 6%.

During the examination of pass-fall decision according to criterion-referenced
assessment firstly the results of criterion-referenced assessment for the entire group
are taken into consideration. First of all while mean of the group is being determined
by considering average value-added criteria (point 15) for criterion-referenced
assessment method in Ege University, scores of students in line 347 and 302 are
excluded to mean. New raw score value for group is found as 64.44 so the group is
included in “very good” class level in the criterion-referenced assessment method of
Ege University. As said in method part of research, in classes level of which is
defined as “very good” minimum passmark is determined as 41 (DD grade). In Table
9, frequencies of pass-fall decisions given by criterion-referenced assessment method
considering these criterias for the entire group is seen.

Table 8.
Relative criteria pass-fall ratio

Decision Frequency Percentage
Fall 29 6.2
Pass 442 93.8
Total 471 100

As is seen in Table 9, while relative criteria are used, passed decision is given
for 94% of the group.

When passed decision given according to relative criteria are examined, 87
students are assumed as suceeded in lesson despite they have less than half of the
properties being determined as necessary for answering items correctly. Consistency
of pass-fall decisions given by using DINA model and relative criteria is shown in
Table 10.

Table 9.
Ratio of students given pass-fall decision as per relative criteria and DINA Model
DINA Model
Pass Fall Total
Relative  Fall 29(6.2%) 0(0%) 29 (6.2%)
criteria Pass 87(18.5%) 355(75.4%) 442(93.8%)

Total  116(24.6%) 355 (754%) 471 (100%)

As in Table 10, while between two methods any inconsistency for students
about who pass-fall decision is given is not seen, it is observed that concurrence
between DINA model and relative criteria for students about who pass-fall decision
is given is corrupted at the rate of 19%.

_ <. ., A7 o
e-Ulustananase EFitim sbrastomatans Dorgisé _

Qtr: 5 Sage: | Zes 2014 s, 1-19 v




€- Tuternational Yowrnal of Educational Reseanch
Volume: 5 Tocue: | Winter 2014 pp. 1-19

In Figure 2, the correlation between number of properties that students have
and their raw scores in test is shown considering pass-fall decision given by using
relative criteria.
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Figure 2.
Number of properties and raw score correlation according to pass-fall decision by using norm-
regerenced

In Figure 2, according to DINA model classifications square symbols under the
slot showing four properties that are minimum value necessary for students to be
assumed as a succeeded in lesson are indicated inconsistent classifications. As is
seen in the figure, when relative criteria is used, about individuals having none of the
properties or having one or two properties passed decision is given. These 57
students show critical inconsistency between two methods. The ratio of inconsistency
between two methods is calculated as 12%.

Due to make interpretation about accrual level of distortion ratio letter grades
of students in relative system is viwed, and the correlation between letter grades and
DINA model tacit classes is examined.

Table 11 shows frequency of students’ letter grades for all classes and number
of properties determined by DINA model that these students have.
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Table 10.
Students’ relative criteria letter grades and number of properties to DINA Model
Number of Letter grades
property FF FD DD DC CC CB BB BA AA Total
0 0 0 1 0 0 0 0 0 0 1
1 5 3 1 1 0 0 0 0 0 10
2 11 10 10 10 17 13 2 1 0 74
3 1 0 3 3 10 7 6 1 0 30
4 0 0 0 5 20 23 8 3 1 60
5 0 0 1 1 11 25 25 18 0 81
6 0 0 0 5 16 30 64 38 36 190
7 0 0 0 0 0 0 5 9 11 25
Total 17 13 16 25 74 98 110 70 48 471

As Table 11 is examined, some extreme observations are drawn attention. It is
observed that one of the students getting DD letter grade has five properties in total.
Concurrently it is seen that students who has only four properties gets AA letter
grade. Dark cells in Table 11 show students having 3 properties or less than 3
properties. When Table is examined in this way, low observation rate in lower-left
cell and top right cell is regarded as an indicator of claasification validity. As the
property of students about who fall decision is given is examined, any inconsitency is
seen in classifications. In case of students about who passed decision is given, it is
seen that 10 students have higher letter grades in spite of having less property. 47
students get CC and CB, 29 students gets DD and DC and thus they are assumed as
succeeded in lesson. As is seen, the inconsistency among achievement level of
students as well as pass-fall decisions being given about students in criterion-
referenced assessment is observed. CC-CB letter grade interval corresponds to 60-73
score interval in absolute system. In this case, 13 individuals having only two of the
seven properties necessary to answer items correctly are assumed as succeeded in 66-
73 score interval.

In research when comparison of consistency of number of properties
determined by DINA model that students have with pass-fall decisions given via
absolute and relative criteria is done, firstly by using absolute and relative criteria
pass-fall decisions given about students and achievement percentage of departments
are calculated. It is examined that to what extent these percentages correspond to
total number of possessed properties determined by DINA model on a department
level.

Achievement percentages of classes according to both relative and absolute
criteria, and mean of properties possessed by students in departments determined by
DINA model are given in Table 12 below.
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Table 11.
Achievement percentages of departments via absolute and relative criteria, and mean of
possessed properties

Mean of possessed

Department Absolute Relative properties
Biology 40.32 90.32 3.12
Computer and teaching technologies 84.93 94.52 4.85
Geography 73.33 100,00 4.73
Sociology 81.25 93.75 5.56
Physics 64.58 93.75 4.83
Chemistry 63,64 87.88 4.30
Mathematics 87,36 100,00 5,59
History 71,05 92,11 4,71
Philosophy 79,41 100,00 4,85
Art history 47,06 79,41 4,05
Mean 69,29 93,17 4,66

As is seen in Table 12, achievement ratios of students in lesson vary according
to absolute and relative criteria in each department. For example, biology
department has the lowest achievement level vis-a-vis other departments.
Concordantly biology department has seven necessary properties to answer test
items correctly in the ratio of 3.12. In view of criterion-referenced assessment, biology
department is more successful than art history department despite possessed
properties of art history department is more than biology department. According to
type of assessment when the correlation among means of possessed properties of
classes is examined, between DINA model mean of property with normative
assessment spearman rho rank differences correlation coefficient is calculated as .94
and with criterion-referenced assessment it is calculated as .79. According to these
results it is said that possession level of property determined by DINA model is more
consistent with normative assessment.

These results are similar to Nartgiin's study findings in that Nartgtin (2007)
examined the consistency among assessments done with relative and absolute
criteria to represent students” achievement levels. In Nartgiin's research it has been
seen that normative assessment results is more representative for students’
achievement level in comparison with criterion-referenced assessment.

CONCLUSION

In case of being used absolute and relative criteria when achievement level of
departments in lesson and means of properties determined by DINA model that they
possess are examined, it is observed that classifications being made via normative
assessment are more consistent with DINA model classification. When achievement
level of departments is examined, it is seen that biology department students succeed
at the level of 90% in criterion-referenced assessment and its mean of possessed
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property is calculated as 3.12. The achievement level of same department is 40%
according to normative assessment. Mean of possessed property of chemistry
department students is 4.30 while achievement level of this class is 87% according to
criterion-referenced assessment. It can be said that DINA model results is good at
reflecting real condition related with possession of students to determined
properties, that is, determining tacit properties that students posses (de la Torre;
2008a, 2008c, 2009b; de la Torre & Douglas, 2008; Cheng, 2010, Huebner, Wang, &
Lee, 2009; Wenmin, 2006). In this sense it is seen that classifications being made by
using absolute criteria give more appropriate classification validity.

The only aim of this research does not develop criteria to determine the validity
of classifications. Especially DINA model and in general CDM (individualistic
complete learning model) are assumed as newish methods and studies related to
DINA model has become widespread since after 2005. In this respect it can not be
said that there is enough scientific research and evidence to use the results of analysis
being made by using DINA model to give unrecoverable decisions about students.
However, it is sayable that DINA model is useful and sufficiently reliable to
determine partial learning and to show superior and weak qualifications of students.
In USA with “No Child Left Behind Act” approach usage of CDM models is
supported on the purpose of identifying learning deficiencies of primary and
secondary school students after taking a test and of giving more detailed feedback to
family, teachers and authorities (McGlohen, 2004; Fagan, 2002; Huebner, 2010; Cheng
& Chang, 2007). According to PISA 2000, defined as “PISA-shock” in Germany, due
to the drop of secondary school students” success the search for educational reform
has begun in country and considering cognitive models new performance standarts
have been searched (Waldow, 2009; Kriiger, 2003). As is seen BTM has been used in a
widespread manner on the purpose of getting more and accurate information about
students than standart tests.

In this study, the consistency between assessments made by using absolute
criteria and tacit classes determined by DINA model is examined. The results of
analysis show that the consistency level pass-fall decisions about students
determined by absolute criteria and number of possessed properties determined by
DINA model is 84.5%. It is determined that in assessment made by absolute criteria
the inconsistency ratio especially for students about who fall decision is given is
higher. As per absolute criteria it is necessary for a student to answer at least 30
questions correctly in a test with 50 items. However with DINA model decision can
be given whether student has determined properties or not by using a lot fewer items
via property-item interaction. It can be said that this is the one of the reasons that
causes inconsistency between two methods and affects validity of decision phase.
The results of study are evaluated in terms of consistency of two methods as well as
number of properties that students possess. An important point in this study is
students about who fall decision is given in normative assessment in spite of having
most of the determined properties.
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In case of giving passed decision about students according to relative criteria it
is seen that group is substantially successful in the lesson. Students about who fall
decision is given have 3 or less properties. This situation shows that unsuccessful
students in lesson do not possess enough properties necessary to answer questions
correctly. When condition of students about who pass decision is given is examined,
contradictory results with DINA model classification can be observed. It is
determined by DINA model that 87 of 442 students about who pass decision is given
via relative criteria possess 3 or less properties. In this case consistency between
DINA model classifications and pass decisions given via relative criteria is calculated
at the level of 80%. In conclusion, there are no students assumed as unsuccessful in
spite of having necessary properties in criterion-referenced assessment although one
out of every five students is assumed as a successful despite of not having necessary
properties.
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Bagil ve Mutlak Degerlendirme ile DINA Modele Gore
Yapilan Siniflamalarin Gegerliginin Karsilastirilmasi

Yrd. Do¢.Dr. Tahsin Oguz Basokgu? Dog.Dr. Hiilya Kelecioglu
Ege Universitesi-Tiirkiye Hacettepe Universitesi-Ttirkiye
tahsin.oguz.basokcu@ege.edu.tr hulyaebb@hacettepe.edu.tr
Genisletilmis Ozet

Problem: Bu calismada, Bilissel Tan1 Modellerinden(BTM) biri olan DINA model ve
geleneksel yontemlerle yapilan siniflamalarin gecerligi incelenmistir. DINA model,
ikili yetenek modellerine benzeyen bir ortiik stnif modelidir. Bu model ¢cogu BTM'de
gortldugt gibi madde ozellik iliskisini temel alir. Modelin iyi isleyebilmesi, bir
maddenin dogru cevaplanmasi igin gerekli olan 6zelliklerin dogru belirlenmesine
baghdir. DINA modelde 6zelliklerle iliskilendirilen maddelerin dagilimini gosteren
bir Q matrisi hazirlamak gerekmektedir. Q matris her bir maddenin dogru
cevaplanmas icin gerekli olan 6zelliklerin belirlendigi 1-0 oriinttistidiir. Bu matriste
bir madde tek bir 6zellikle iliskilendirilebildigi gibi birden ¢ok o6zelliklede temsil
edilebilir.

DINA model cevaplayicinin gozlenen yeteneginin altina yatan ortik ozelligi
ortaya c¢ikartmay1 amaglamaktadir. Bu anlamda model, ortiik ozellikle gozlenen
ozellik arasindaki iliskiyi olasilikla temellendirmekte ve her madde icin iki madde
parametresinin simiflanmasimi saglamaktadir. Bunlar s “kaydirma” (slip) ve g
“tahmin” (guess) parametreleridir. Bu parametreler yardimiyla model 6grencileri her
madde icin temel iki sinifta degerlendirir. Bu siniflardan ilki yokluk simif1 (null class)
yani beklenen hicbir beceriye sahip olmayan 6grencilerin olusturdugu grup ve digeri
de tam sif (full class) yani biittin becerilere sahip olan 6grencilerin simifidir. Model
cevaplayicilarin maddelere verdigi yanitlardan yola ¢ikarak her bir cevaplayicinin Q
matris tarafindan tanimlanan 6zelliklere sahip olup olmadiklarin belirler.

Arastirma karar verme amaci tasiyan testlerde geleneksel yontemlerle yapilan
siniflamalar ile DINA modelle belirlenen siniflamalarin, tutarhigini incelemektir. Testi
alan bireyler hakkinda bagil ya da mutlak degerlendirme olctitlerine gore verilen
gecti kald1 kararlarinin 6grencilerin olciilen 6zelligin alt yetenek dtizeylerine sahip
olup olmamalar1 bakimindan ne derece uyum sagladigi calisma kapsaminda
incelenmistir.

Yontem: Arastirma, gelistirilen bir testin BTM'ye uygunluk dtizeyini belirleme
bakimindan var olan bir durumu ortaya ¢ikartmak amaci tasimaktadir. Bu nedenle
bu arastirma betimsel bir arastirma olarak degerlendirilebilir. Bunu yaninda

? Bu makale Doktora tezinden iiretilmistir.
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siniflama gecerligine iliskin farkli teknikleri karsilastirma olanag1 da verdiginden
kuramsal bir arastirma olarak da ele alinabilir.

Iki yontem arasinda karsilastirilmalarin yapilabilmesi icin DINA modelle analiz
yapilmaya uygun “egitimde Sl¢me ve degerlendirme” dersine ait bir 6lgme araci
gelistirilmistir. Olgme aracindaki her bir maddeyi dogru cevaplamak igin gerekli olan
ozellikler uzmanlar tarafindan belirlenmis ve madde ozellik iliskisini gosteren Q
matrisi uzman uyumu gozetilerek hazirlanmistir.

Aragtirmanin evrenini Ege Universitesinde Olgme Degerlendirme dersi alan 471
ogrenci olusturmaktadir. Olgme araci gelistirildikten sonra 10 farkli bolim
ogrencilerinin olusturdugu 471 kisilik calisma grubuna uygulanmustir. Uygulama
sonucunda Ogrencilerin ham puanlar1 mutlak 6lctit ve bagil olgtit kullanilarak gecti
kald: kararlarma gore simiflandirilmistir. Bu simiflandirma ile DINA modele dayali
smiflandirmalar karsilastirilmastir.

Bulgular ve Sonug¢: Mutlak olgiit kullanilarak yapilan degerlendirme ve DINA model
smiflandirmalarinin karsilastirmas: sonucunda, 6grenciler hakkinda mutlak &lgtitle
belirlenen gecti kaldi kararlariyla DINA modelle belirlenen 6grencilerin sahip
oldugu ozellik sayis1 arasinda %84.5 oraninda bir uyum oldugu gozlenmistir.
Calisma sonuglar: iki yontemin uyumu kadar, hakkinda gecti ya da kaldi karar
verilen Ogrencilerin sahip olduklar1 6zellik sayilar1 bakimindan da
degerlendirilmelidir. Bu noktada arastirmada dikkat cekilmek istenen onemli bir
noktada belirlenen o©zelliklerden c¢oguna sahip olmasina ragmen mutlak
degerlendirme icinde hakkinda kald1 karari verilen 6grencilerdir.

Bagil olctit kullanilarak yapilan degerlendirmelerde hakkinda kaldi karari
verilen 6grenciler icin iki yontem ayni sonuglar1 vermistir. Bununla birlikte DINA
model siniflamalariyla bagil olciitle verilen gecti kararlar1 arasindaki uyum yaklasik
%80 dtizeyinde hesaplanmustir.  Sonuc olarak bagil degerlendirmede gerekli
ozelliklere sahip oldugu halde dersten basarisiz sayilan 6grenci bulunmamakla
birlikte hakkinda gecti karar1 verilen her bes 6grenciden biri gerekli 6zelliklere sahip
olmadigi halde dersten basarili sayilmastir.

Mutlak ve bagil 6lciit kullanildig1 durumda béltimlerin dersten basari ytizdeleri
ile DINA modelle belirlenen sahip olduklar1 6zellik ortalamalar1 incelendiginde,
mutlak degerlendirme sonucunda yapilan smiflamalarin  DINA  model
smiflamalariyla daha uyumlu oldugu gozlenmistir. Bu anlamda mutlak olciit
kullanilarak yapilan siniflamalarin gercek duruma daha uygun bir smniflama gegerligi
verdigi goriilmektedir.

Anahtar Kelimeler: Bilissel Tam1 Modelleri, DINA Model, Siniflama gecerligi, Q
Matriks
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