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Abstract

Educational measurement typically aims at evaluating the abilities and
knowledge of students in various fields such as mathematics, language, science,
physics etc., using tests, questionnaires and other instruments. The aim of this
thesis is to create valid instruments that measure the academic ability in
mechanics through calibrating already used ones. An instrument that was used
for similar purposes in other studies was analyzed separately for each category
of the sample, by fitting the data into IRT models with the statistical software
Stata 14. Based on the results of the analysis, a new instrument was created for
each category, with only one exception, where this was not possible due to
serious statistical problems. The four new instruments were distributed to a total
of 489 subjects and subsequently they were analyzed in the same way, in order
to examine their improvement. All of them appeared to be improved, each one
at a different degree. In this way, it was once again highlighted how IRT can be
of great importance at the development of instruments in the area of Physics
research (and furthermore of educational research). The implementation of this
theory can lead to more accurate measurement instruments and consequently to
more accurate measurement and conclusions.
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Iepiinyn

H exmodevtikn pétpnon ortoyevel tuomikd oty oSloAdynon Tov
IKOVOTNTOV KOl TOV YVOCE®V TOV UaONTOV 68 S1AQOopovg TOUEC Omwg To
Lo UaTIKA, 1 YADOGGA, 1] QLUGIKY KAT., YPNCULOTOIDVTOG TEGT, EPMOTNUATOANYLN
Kal GAla Opyava. O 6KomOG VTG TNG £pYaciag elval va dnUovpyncet Eykvpo
Opyovol TOL HETPOVV TNV OKAOUOTKY] tKovotTo ot Mnyovikn péocm g
BaBuovounong non ypnowomomuévey. 'Eva 6pyavo mov ypnoiporomonke yio
TOPOUOOVE OKOTOVG G€ OAAEG HeAETEC, avaAvOnke Eeywplotd v KdAOe
Katnyopio Tov Odelyuotog, mpoocopudloviag To O0edouéva. € HOVTEAL TNG
Ocopiog Amokpiong Epomuatog (OEA) yxpnolponmoudviag To GTATIGTIKO
hoyiouikd STATA 14. Me Baon to omoteléopata TG avaivons, €vo vEo
Opyavo omuovpyndnke yu kdbe kornyopia, pe povo po e€aipeot, 6mov avtd
dev KOTEGTN OLVATO AOY® coPBap®V oTATIGTIKGOV TpoPAnudtmy. Ta técoepa véa,
EPOTNUATOAOYIN polpdctnkay o€ éva delypo 489 vmokeWévmy GUVOMKA Kot
o1 GLVEYELWNL avoALONKaY e Tov 1810 TpOTOo, €161 Wote va e€etaotel 0 Pabuog
BeAtioong tovc. Ola 1o dpyova mopovsiocav PeAtioorn, to kKabéva oe
dpopetikd Pabuo. Méowm avtov, avadsikvoetar 1 onuovtikotnta g OEA
GTNV KOTOGKELT 0pYAvmV UETPNONS 6TOV ToUEN TG Epeuvag S Puvowkmg (ko
KOT' EMEKTOOT TNG EKTMAOEVTIKNG £pevvag). H gpapuoyn avtg g Bempiog
umopel vo. 0dNyNoeL 6 mo akpPn Opyava HETPMNONG KOl KOTO GUVETELN GE TO
aKpPpn LETPNON KOl GUUTEPAGLOTOL.
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1. Introduction

Educational measurement typically aims at evaluating the abilities and
knowledge of students in various fields such as mathematics, language, science,
physics, etc. To this aim, tests, questionnaires and other instruments are
constructed. Ideally, we would like to create valid and reliable instruments.

To achieve this, the classical test theory (CTT) and the item response
theory (IRT) can be of great help. These theories are widely used in the area of
psychometrics and have also a wide range of applications on the educational
research as well. We typically consider ability not to be directly measurable. It
Is a latent variable and the observed items of the instrument serve as
manifestations of ability. The IRT approach focuses more on the items and
provides information about their relationship with the variable we would like to
measure and the amount of information they provide regarding this variable. In
this way, IRT gives researchers the opportunity to decide, based on the results,
whether an item is actually worth including in an instrument.

Simsek (2016) argues that most teachers and trainers are still not capable
of developing good achievement tests at any area of learning, which is also
supported by his findings in the literature. A main reason for that seems to be
the inadequate training (Hills, 1991; O’Sullivan & Chalnick, 1991; Zhang &
Burry-Stock, 2003, as cited in Simsek, 2016). As a matter of fact, approximately
60% of the test items the teachers used, had mistakes that needed to be corrected
or improved before administration (Simsek, 2016). Although IRT has a lot to
offer in this direction, only a few physics education studies actually employ this
theory (e.g. Ding & Beichner, 2009; Lee et al., 2008; Marshall, Hagedorn, &
O’Connor, 2009; Pek & Poh, 2000; Planinic, Ivanjek, & Susac, 2010; Wang &
Bao, 2010, as cited in Wallace & Bailey, 2010). Also, in the area of
mathematics education in general, Callingham and Bond (2006, as cited in Long
et al., 2011) observe that relatively few studies use statistical methods and tools,
with the balance in favor of qualitative methods, which is somewhat surprising
for a mathematics research community.

We found only a small number of studies written in Greek that implement
IRT in the area of education. In these cases, the theory was applied to improve a
self-evaluation tool for a Learning Management System (®wtdapng, 2011) or for
the personalized assessment of the learners for the development of an adaptive
and intelligent web-based educational system (Hatzilygeroudis et al. 2006).
Specifically, in the area of Physics education in Greece, we could not find any
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studies that calibrate and validate instruments using this theory. For this reason,
this study is focusing on providing new data in this field and highlighting the
potential of IRT implementation in educational research, especially in the area
of Mechanics.

In addition to the lack of relevant research, mechanics (as well as Physics
in general) has some special and interesting attributes, that make research in this
field very important. It is one of the oldest academic disciplines and it also
relates to many others such as chemistry, engineering etc., as well as to the
everyday life. The concepts Physics is dealing with, are mostly abstract and
difficult to measure directly, thus making it challenging to evaluate the actual
level of academic ability of the students. For these reasons, we consider any
contribution to this direction of great importance.

Katong (2011) explored how misconceptions in the area of physics, and
more specifically in mechanics, change depending on the person’s age. The
field of mechanics was chosen because other fields of physics are using the
concepts and the laws of mechanics to define themselves (Carson and
Rowlands, 2005, as cited in K&tong 2011) and also concepts such as weight,
force and mass are some of the most basic and widely known. This instrument
was also used in past studies for the same reason (Kotong & Béung, 2002,
Kdtong & KoroPog, 2002, Kmtong, 2004, as cited in Kotong 2011) and was
distributed to primary school, junior high school, senior high school and
university students, as well as to primary school teachers. About 200 subjects
from each of the aforementioned categories took part in the survey, leading to a
total of 1032 subjects. The instrument was used to explore how misconceptions
(or correct/false answers) vary across the different age groups.

Initially, it was not used to measure academic ability/knowledge. At the
final part of the research, the percentage of right answers to each question was
analyzed in relation to the age. Our aim is to use this questionnaire to measure
the actual academic ability in the domain of mechanics by taking into account
the scores achieved and to evaluate the reliability of the instrument and decide
on the right subset of items that are needed. Since the author of this study
agreed and provided the data, we fit IRT models using Stata 14.

In section 2, we present the theoretical context involved in this study. The
aim and hypotheses of the study are defined in section 3 and the methodology
followed is described in section 4. The results of the statistical analysis are
presented in section 5, separately for each category of the sample. Finally, in
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section 6, we sum up the results, extracted conclusions and make suggestions
for further research.
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2. Theoretical Context

2.1. Educational Measurement

Educational Measurement is used to gain insight into different kinds of
abilities and knowledge that students possess, by obtaining and analyzing scores
derived from educational assessments.

“Measurement is the assigning of numbers to individuals in a systematic way
as a means of representing properties of individuals. Numbers are assigned to the
individuals according to a carefully prescribed, repeatable procedure.” (Allen & Yen,
1979)

The typical aim of educational measurement is to evaluate the abilities
and knowledge of students in various fields such as mathematics, language,
science, physics, etc. The means to achieve such thing are tests, questionnaires
and other instruments that are constructed for this purpose. Most of the times,
the outcomes of such instruments are total scores, which are analyzed and
interpreted in order to assign characteristics to the students. A great amount of
attention is focused on the reliability and validity of these instruments, so that
they actually measure the respective attribute.

2.2. Classical Test Theory (CTT)

CTT is a psychometric theory that allows the prediction of outcomes of
testing, such as ability of the test-takers and difficulty of items (Alagumalai &
Curtis, 2005). Spearman’s work in 1904 is considered to be the first work in
Classical Test Theory (Traub, 1997).

Many constructs such as abilities and attitudes that are common in
education, psychology, medicine and in the social sciences, are not directly
observable and thus not directly measureable. For example, one cannot directly
and objectively measure the pain level that a patient feels or the academic
ability of a student in a specific subject (e.g. Physics). But also in the case of
measureable variables, one can only get the results of the impact of a
phenomenon on a measurement instrument, and not the phenomenon itself. CTT
comprises a set of principles that allow us to determine how successful our
proxy indicators are at estimating the unobservable variables of interest
(DeVellis, 2006). It concerns using observable information (such as scores on a
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questionnaire items) to gather insights into variables (such as patient
satisfaction) that cannot be directly observed (DeVellis, 2006). The aim of CTT
Is to explain and improve the reliability of an instrument.

2.2.1. CTT Terminology

True score

The main principle that lies on the very foundations of CTT is that the
observed score equals the actual state of the unobservable variable of interest
plus error contributed by all other influences on the observable variable. The
actual state of the unobserved variable is its hypothetical true score (DeVellis,
2006).

The total observed score O(x) is equal to the true (latent) score T'(x) and
the error E associated with the item.

O(x)=T(x)+E

For example, in physics, one cannot measure directly the academic ability
of a student in this subject. Using a questionnaire with a series of questions, we
expect them to reflect their knowledge on these questions.

Random Error

Under CTT all errors are assumed to be random and not correlated with
the true score or the observed score. That means that these errors are assumed to
be as likely to increase or decrease the observed score for this item and are also
assumed to be independent from one another. The error associated with each
item is unique to that item. Since errors are random, they have a zero mean
value. That means that when all errors are combined, they should cancel each
other out and have little or no effect on the item mean. But on the other hand,
error will increase item variability.

Item Reliability

A reasonable question, when it comes to measuring instruments, is in
which degree it is reliable. In other words, how accurate it is in measuring the
true score. A good instrument should include items that provide us with scores
close to the true score. This implies that the true score and the observed score
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are correlated and that a suitable index of the association between the true score
and the observed score would provide one key piece of information about how
good an indicator the latter is (DeVellis, 2006). For this purpose, we
conventionally use the square of the correlation coefficient as a means of
representing the proportion of variance shared between the two variables
(DeVellis, 2006). If we could correlate an item’s score with the true score, and
then square that correlation, we would have a very useful piece of information
about how well the item served as a proxy for the true score; that is the
proportion of the item’s variation that was shared with the true score. Under
CTT, that proportion is defined as the item’s reliability.

Item Discrimination

Discrimination is the ability of a test item to differentiate individuals who
rank high on the latent scale from those who rank low.

The fact that CTT is relying on inter-item correlations to establish item
reliability, reveals that items more strongly correlated with each other are also
more strongly correlated with the true score of the unobserved variable of
interest and, thus, are fundamentally better items with greater discrimination
(DeVellis, 2006). Discrimination is essentially an item’s strength of association
with other items and thus, presumably, with the true score (DeVellis, 2006). An
item that correlates strongly with the set of unidimensional items as a whole can
more sharply discriminate between those who score low and those who score
high on the entire set of items (DeVellis, 2006). The item discrimination index
is the correlation coefficient between the scores on the item and the scores on
the total test (Alagumalai & Curtis, 2005). Theoretically, when one removes
items that are not good discriminators, the test reliability should be increased.

Difficulty
This term and attribute of CTT is a result of the expansion of the theory

in the area of educational testing. The difficulty of an item is quantified as the
probability of an average subject (6=0) to endorse the item correctly. That
means that the more difficult an item is, the fewer people can answer it
correctly.

In the case of educational testing, an individual answering correctly a
“difficult” knowledge question implies that this individual possesses a relatively
higher degree of knowledge in this area. Important point regarding an item’s
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difficulty is that it is defined by how some group of people have answered that
item in comparison to how they answered other items (DeVellis, 2006).

Scale reliability

Reliability is the property of a set of test scores that indicates the amount
of measurement error associated with the scores (Frisbie, 1988). Having in mind
that the observed score consists of the true score and an error term, which is
randomly distributed with a mean close to zero, one can conclude that the more
items a scale has the more reliable this scale is. This occurs because the error
has a smaller effect on the average score, as the errors of more items are more
likely to cancel each other out. One of the most well-known indicators of scale
reliability is Cronbach’s coefficient alpha and it is driven by the correlations
among the items and the number of items (DeVellis, 2006). The greater the
items correlate with each other the more they share something in common and
thus the more they reflect a common true score. For a set of items, the
coefficient alpha, under the assumptions of CTT, quantifies the proportion of
variance that reflects the true score of the variable to which the items are related
(DeVellis, 2006). Because coefficient alpha is determined both by the number
of items and the strength of the correlations among those items, increasing
either of those influences will be expected to increase reliability (DeVellis,
2006).

The improvement of a scale’s reliability in CTT can be achieved with
increasing the number of items, deleting items that do not discriminate or that
are imprecise, identical test conditions for all examinees and explicitly stated,
objective-type questions and heterogeneous group (Alagumalai & Curtis, 2005).

2.2.2. Advantages and Disadvantages of CTT

An important advantage of CTT, which makes it popular among
researchers, is the familiarity with its basic concepts. Most of the scales used in
measurement theory have been developed based on the principles of CTT.
There are also many known and easy to use programs, for performing CTT.

Another advantage is that this model fits commonly used instruments
very well. All items are supposed to be equally good at measuring the true score
of a variable. Adding all these scores coming from each item, the effect of the
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error weakens. CTT has been widely used in the social sciences because the
data of interest often fit this pattern (DeVellis, 2006).

Another important advantage is that the items do not have to be perfect.
Even items that do not relate that strongly to the latent variable can be still used
to measure a score. This property of CTT is really useful, as one can create
better measuring instruments just by adding more items. And of course, this is
something much easier than improving the items or finding better ones.

Although the last mentioned property of CTT provides us with a great
advantage, on the other hand it also generates some problems. The scales are
usually long and items often seem quite similar and the effort to develop items
that correlate strongly with each other can result in superficial similarities
(DeVellis, 2006). If this happens then not only the variable of interest but also
other characteristics may be common among the items. In this case the true
score becomes a mixture of all these characteristics and the variable of interest.
But in this way the scale does not accurately measure what is supposed to
measure. CTT methods have difficulty differentiating between common themes
across items that are important to the variable of interest and common themes of
this more superficial type (DeVellis, 2006).

Another disadvantage is that parameter estimates under CTT depend on
the sample of individuals studied (DeVellis, 2006). In other words, different
samples with different variances will not give the same data. That means that
CTT is probably not the best theory for comparing different populations.

One could say that CTT is not the most proper theory when it comes to
educational measurement. As mentioned before, making comparisons between
different tests given to different populations for the measurement of the same
latent variable can lead to false conclusions. The item’s difficulty and
discrimination are dependent on the group that they are administered and
because of that are not helping in making general conclusions about the items
and for the scales. Another problem is that observed and true scores are test
dependent, thus, rising and falling when there are changes in test difficulty
(Alagumalai & Curtis, 2005). The assumption of equality of errors for all
examinees is not realistic as the measurement is more precise for students with
an average ability and less for those on high and low ability (Alagumalai &
Curtis, 2005).
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2.3. Item Response Theory (IRT)

IRT is a theory used in the design, analysis, scoring, and comparison of
tests and similar instruments whose purpose is to measure unobservable
characteristics of the respondents (StataCorp, 2015).

“Item response theory is a general statistical theory about examinee item and
test performance and how performance relates to the abilities that are measured by the
items in the test. Item responses can be discrete or continuous and can be
dichotomously or polychotomously scored; item score categories can be ordered or
unordered; there can be one ability or many abilities underlying test performance; and
there are many ways (i.e., models) in which the relationship between item responses
and the underlying ability or abilities can be specified.” (Hambleton & Jones, 1993).

IRT models are used extensively in the study of cognitive and personality
traits, health outcomes, and in the development of item banks and computerized
adaptive testing (StataCorp, 2015). Some examples of applied work include
measuring computer anxiety in grade school children (King and Bond 1996, as
cited in StataCorp, 2015), assessing physical functioning in adults with HIV
(Wu, Hays, Kelly, Malitz, and Bozzette 1997, as cited in StataCorp, 2015), and
measuring the degree of public policy involvement of nutritional professionals
(Boardley, Fox, and Robinson 1999, as cited in StataCorp, 2015).

IRT methods primarily appeared around the 50°s (Tucker, 1946; Lord,
1952, as cited in Harvey & Hammer, 1999). The beginning of IRT is often
traced to Lord and Novick’s (1968, as cited in Embertson & Reise, 2000) classic
textbook entitled ‘Statistical Theories of Mental Scores’. But it is only during
the last years that IRT started to become more popular. The main reason for that
was that the models of this theory required many and difficult computations.
But since computers started to make these computations relatively easy and
accessible to almost every researcher, IRT’s popularity rose up. This is also the
main reason why CTT is more known and popular compared to IRT. As it will
be explicitly reasoned in the following part of this chapter, IRT offers a variety
of solutions to problems of CTT.

CTT offered the opportunity to analyze dichotomous items that could be
converted in the form “right-wrong”. The first IRT models were also focused on
this direction but afterwards, new models have been developed to give
theoretically the opportunity to analyze every type of items and assessment
instruments. Especially in the area of educational research, the IRT models are
popular and well known, and particularly the 1-parameter or Rasch model
(Wright, 1977, as cited in Harvey & Hammer, 1999).
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2.3.1. IRT Assumptions and Terminology

IRT models have been based on the assumption that the item pool being
analyzed is effectively unidimensional (Harvey & Hammer, 1999). That means
that the items are manifestations of a unique latent construct. This assumption is
not necessarily problematic because a multidimensional instrument includes
subsets, which can be separately analyzed using a unidimensional IRT model. In
practice, no scale composed of a reasonable number of items will ever be
perfectly unidimensional (Harvey & Hammer, 1999).

A term encountered in IRT is the latent trait (ability), which is the
unobserved characteristic that is presumed to be responsible for the observed
responses that are made to the test’s items and is denoted theta (0) (Harvey &
Hammer, 1999). One could say that theta is the corresponding true score of the
CTT.

A homogeneous subpopulation (HSP) is simply a collection of
individuals who are homogeneous with respect to their scores on the underlying
construct (0) being assessed (Harvey & Hammer, 1999).

The Probability of Item Endorsement (PIE) or Probability of a
Correct Response (PCR) is defined as the proportion of respondents, in each
HSP of interest, giving the correct response to the item (Harvey & Hammer,
1999).
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Item Characteristic Curve (ICC)

In IRT one can find different models that describe the relationship
between the latent variable (6) and the response to each item of the test. The
difference between these models is the causal relationship that is presumed to
exist between (0) and the observed item response (Harvey & Hammer, 1999).
The Item Characteristic Curve (ICC) is a two-dimensional scatterplot of 6 on
the x-axis by item-response probability (PRC or PIE), depicting the item
response that would be expected from an HSP located at any given point on the
underlying construct (Harvey & Hammer, 1999). The ICC describes actually the
probability people at different ability levels “succeed” on a given item
(individual test question) (StataCorp, 2015).

Iltem Characteristic Curve for Pr(r5=1)

Probability
i

Theta

Figure 1: Example of an ICC
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Item Information Function (11F)

Another feature of IRT is the Item Information Function (IIF). IIFs
indicate the range over 6 where an item is best at discriminating among
individuals (Edelen & Reeve, 2007). The term “information” refers to the
reliability or precision of a whole instrument or (in the case of the 1IF) one item
(StataCorp, 2015). As a result, in IRT, the amount of information provided by
an item or an instrument is corresponding to their level of reliability and
precision. An item that provides a lot of information about the latent trait is of
course an item with great reliability in measuring it. Items that are supposed to
be more reliable measure the latent trait around the estimated difficulty
parameter with greater precision (StataCorp, 2015). This feature can be of great
use in item evaluation and furthermore in test development. It allows the
construction of short forms or tailored assessments, ensuring that the selected
subset of items provide adequate precision across the entire range of interest as
well as maximizing precision along critical segments of the construct continuum
(Edelen & Reeve, 2007).

Item Information Function for r5

Information
N
L

0
Theta

Figure 2: Example of an IIF
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Test Characteristic Curve (TCC)

Although, in IRT, the main focus is on the items of a test, there are also
features that refer to the whole test. One of them is the Test Characteristic Curve
(TCC), which describes the expected score of a HSP of individuals for every 6
value. The TCC is the sum of ICCs for the entire instrument and thus plots the
expected score on the test along the latent trait continuum (StataCorp, 2015).
This score has a minimum value of zero and a maximum equal to the number of
the items that are included to the test. That is because every item can get a value
of 0 or 1 (right or wrong), thus, making the cumulative test score vary between
zero (when no item was endorsed correctly) and the number of the items (in the
case that every item was answered correctly).

Test Characteristic Curve
15

Expected Score
S
1

(&)
1

0
Theta

Figure 3: Example of a TCC
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Test Information Function (TIF)

Every test item provides a certain amount of information about the latent
trait at any ability level 6. The sum of the information from these items, for any
given 6, is the amount of information the test provides for every 6 and can be
described by the Test Information Function (TIF). Through this feature, it is
possible to evaluate how well the instrument measures ability across its whole
range. The TIF is very useful in test development as it enables the researchers to
evaluate how accurate the instrument is and how suitable it is for the purpose it
Is intended to. According to the definition, that is actually the reliability of the
instrument. In Figure 4 the blue line represents the overall test information and
the red line is the corresponding standard error. In this case, the test provides the
greatest amount of information (with the minimum standard error) for the
individuals belonging to the HSP between approximately -1,5 and 0.

Test Information Function

Standard Error

T T T T

-4 2 2 4

0
Theta

Test information Standard error

Figure 4: Example of a TIF
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2.3.2. IRT Models

All models share common assumptions but they differ in the way they
consider 0 is affecting the item response. Actually, they mainly differ regarding
the number of variables they use to describe the relationship between 6 and
items’ response. As a result, there are several models with 1, 2 or more
parameters, as well as models for non-binary items, hybrid models and so on.
The most common models, and more appropriate for dichotomous items, are the
1-, 2- and 3- parameter logistic models (Edelen & Reeve, 2007) and we will
describe them in the following part, as they are the ones used in this thesis.

1-parameter logistic model (1PL)

Also known as the Rasch model (Wright, 1997) as it was first published
by the Danish mathematician Georg Rasch in the 1960s (Baker 2001). It is the
simplest model of all, with only one parameter (as stated by the name itself)
needed to determine the relationship between 6 and the item response. This one
parameter is named difficulty (b) and it is defined as the score on 6 that is
associated with a 50% likelihood of correct/endorsed item response (Harvey &
Hammer, 1999). While CTT-based parameters lie on a different scale than that
used to estimate each respondent’s score on the trait in question, IRT-based
parameters (among others the difficulty (b) as well) lie on the same scale with 6.
And that is an important characteristic of the IRT models because they locate
the person parameters (such as 0) and these of the item (such as b) on a common
scale (Harvey & Hammer, 1999).

The probability of a person j providing a positive answer to item i is
given by:

exp {a(Gj - bl-)}

Pr(Y;; = 1(6;) = ,
r( Y |]) 1+exp{a(9j—bi)}

6;~N(0,1)

where a represents the discrimination common to all items, b; represents the
difficulty of item i, and 6; is the latent trait of person j (StataCorp, 2015).
Regarding the ICC’s of the items of this model, the only difference is the
left-right position of it on the horizontal axis. And this position is determined by
the difficulty parameter (b). The form of the functional relationship between 6
and the observed response is constant across items (Harvey & Hammer, 1999).
Figure 5 shows the ICCs for three different items with b parameters of a value
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of -1, 0 and 1. All other parameters (a and c) are the same across the items. For
all HSP between the 6 values of -3 and 3, the item with the greatest value of b
(b=1) 1s the most “difficult”, thus less unlikely to be correctly endorsed. As the
b value gets lower (or greater) the less (or the more) difficult the item is.

The b parameter

1.0

0z

06

04

0.0

Theta

Figure 5: Example of ICCs according to the 1PL model

2-parameter logistic model (2PL)

The 2PL model takes additionally into account the parameter of
discrimination (a). This parameter represents the slope of the ICC at the value
of the difficulty parameter and indicates the extent to which the item is related
to the underlying construct (Edelen & Reeve, 2007). This fact covers a
deficiency of the 1PL model, that of the assumption that all items have
identically shaped ICCs. Although this might be applicable to an item pool that
was really carefully selected from a much larger initial one, it would be though
quite unusual in many applied assessment situations (Harvey & Hammer, 1999).

With the input of the parameter of discrimination we are able to obtain
information about the strength of the relation between the item and the latent
construct. Greater a value means greater relation to the latent variable, thus
greater amount of information about the latent variable provided by the item,
when all other factors are equal.
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The probability of a person j providing a positive answer to item i is
given by:

exp {a;(6; — b))}
1+ exp {al(HJ - bl)} ’

Pr(Y; = 1)6;) = 0,~N(0,1)

where a; represents the discrimination of item i, b; represents the difficulty of
item i, and 6; is the latent trait of person j (StataCorp, 2015).

The ICCs of the items of a 2PL model can have different slopes
depending on the discrimination power they have regarding the latent trait. The
ICCs of three items with discrimination values of 2, 1 and 0.5 with all other
parameters (b and c) remaining the same across them, are shown in Figure 6.
For example, in the HSP with individuals that score at 6=1,5 (that means
individuals with high level of ability regarding the latent trait), it is expected
that the least discriminating item (a=0.5) will be correctly endorsed in a lower
rate as the moderately discriminating item (a=1). The same applies for the
moderately discriminating item, compared with the most discriminating one
(a=2).

a parameter

1.0

oz o

oG o

0.4

0.0 T I
= u] 3
Theta

Figure 6: : Example of ICCs according to the 2PL model
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3-parameter logistic model (3PL)

The 3PL model introduces one more parameter (c) to reflect the fact that
the lower asymptote of the ICC may have non-zero minimum values. All HSP
are expected to give non-zero values of correct answers, even to difficult items,
because of guessing. So that is the problem that this model solves with this third
parameter. It provides us with information regarding the probability of guessing
the correct answer of an item.

The probability of a person j providing a positive answer to item i is
given by:

exp {al(HJ - bl)}

Pr(¥;; =1]6;) = c; + (1 —¢; ’
r( ij |]) ¢+ ( Cl)1+exp{ai(9j_bi)}

6;~N(0,1)

where a; represents the discrimination of item i, b; represents the difficulty of
item i, ¢; represents the pseudo-guessing parameter, and 6; is the latent trait of

person j (StataCorp, 2015). By default, the c; are constrained to be the same
across all items (StataCorp, 2015).

The greater the ¢ parameter is, the easier it is for a subject to answer this
item correctly by guessing and the less informative this item is. Of course the
opposite happens as the ¢ parameter is decreased. This can also be seen in
Figure 7 where items with different ¢ parameters are presented, while all the
other parameters (a and b) remain the same.

C parametaer
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Figure 7: Example of ICCs according to the 3PL model
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2.4. Comparing CTT and IRT

Item information

The main focus of IRT is on the items, especially with the ICC providing
a great amount of information about each item regarding difficulty,
discrimination and the probability of guessing (the three parameters of the
models described previously). The CTT is a theory focusing on the test-level.
Although CTT can quantify the sample difficulty or discrimination for an item,
it lacks an effective means for simultaneously combining and presenting this
information in an easily used format (Harvey & Hammer, 1999).

Another difference is related to the amount of information that items are
assumed to provide. In the IRT approach, a greater amount of information for
the latent construct is produced by items with higher discrimination values and
smaller lower asymptote values. Inversely, the greater the standard error, the
less the information provided about the 6 score. The last fact is also valid for the
CTT, where the standard error of measurement is inversely related to the
reliability of the test. The difference lies on the fact that in CTT, it is assumed
that all the items provide the same amount of information about the latent
variable, whereas in IRT it is not necessary. Actually, this is extremely rare,
because of different values of discrimination and lower asymptote among the
test’s items.

Test development and item selection

The IRT provides parameters that help evaluating the quality of an item.
Using these parameters, it can be determined whether adding or deleting an item
to or from the test can have a positive or negative effect on the instrument’s
reliability. That means that the improvement of an instrument’s reliability can
be increased by adding items, as well as by deleting others. This attribute gives
to the researcher the advantage of creating better instruments without making
them necessarily longer at the same time. But this is not the case in CTT. As it
is already described in a previous paragraph, under the CTT, each item is
considered to be equally related to the latent construct and providing the same
amount of information. As a result, adding more items to an instrument raises its
reliability. One disadvantage is that it leads to long scales with many items.
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2.5. Test Calibration

Researchers developing instruments have a clear aim about what their
instrument and its items should measure. What they do not know is how items
and subjects relate to the latent trait that the instrument is supposed to measure.
Under IRT, test calibration, is the task to determine the values of the item
parameters and examinee abilities in a metric for the underlying trait (Baker,
2001).

2.6. Validity and Validation

“Validity refers to the degree to which evidence and theory support the
interpretations of test scores entailed by proposed uses of tests. Validity is, therefore,
the most fundamental consideration in developing and evaluating tests. The process of
validation involves accumulating evidence to provide a sound scientific basis for the
proposed score interpretations. It is the interpretations of test scores required by
proposed uses that are evaluated, not the test itself. When test scores are used or
interpreted in more than one way, each intended interpretation must be validated.”
(AERA, APA & NCME, 1999, p. 9, as cited in Goodwin & Leech, 2003)
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3. Aim and Hypotheses

The aim of this thesis is to create valid instruments that measure the
academic ability in mechanics through calibrating already used ones. The
instruments are calibrated to various levels of Greek students and primary
school teachers.

It is expected that this instrument will be reliable in measuring the
academic ability in mechanics and that the new, modified ones will be more
accurate in measuring the latent variable of interest.
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4. Method

The initial instrument chosen for this study included 28 questions
regarding the measurement of physics ability (the latent variable) and some
more about personal data of the subjects. The same questionnaire was
distributed to all age groups. As mentioned in a previous paragraph, the
instrument was also used in past studies for the same reason (Kotong & Béung,
2002, Kotong & KoioBog, 2002, Kmtong, 2004, as cited in Kotong 2011).

The data collected from the study of Kwotong (2011), were initially
encoded with the number that was corresponding to the answer given by the
subjects and not in “right-wrong” format. In order to use the binary IRT models
on this data it was necessary to convert the values of each variable. For the right
answer the variable value was “1”” and for any other wrong answer “0”.

Subsequently, the instrument was analyzed separately for each category
and a new instrument was created for each category, with only exception, the
senior high school students. For this group, it was not able to calibrate the
instrument with the available data. It was decided not to distribute the same
initial instrument again for this group, because even if we did that, it would be
still not possible (because of the difficulty to find more subjects) to calibrate and
validate the new adjusted one using a new sample. And since the goal of this
study is to calibrate and validate instruments, either ways, we would not be able
to achieve this goal.

The statistical analysis of the data was executed with the statistical
software “Stata 14 MP”. In order to present some descriptive statistics in a
better way, the statistical software “IBM SPSS Statistics 21 was implemented
as well.

In order to adjust the instrument, it is necessary to define some cut-off
criteria for the items. The most useful tool for that is the discrimination
parameter. Baker (2001) proposed labels for the item discrimination values as
shown in Table 1:
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Verbal label Range of values
None 0
Very low 0.01-0.34
Low 0.35-0.64
Moderate 0.65-1.34
High 1.35-1.69
Very high >1.70
Perfect + infinity

Table 1: Labels for the item discrimination values

A discrimination value of 0.34 or more implies an acceptable level of
discrimination power (low or more). It also allows a low or larger level of
relation to the latent construct. In this study, we assume that items having a
discrimination value of at least 0.34 provide sufficient information about the
latent construct. Furthermore, taking into account the discrimination values of
all the items, this cut-off value leads to instruments with a sufficient number of
items. In this way, we have the chance to evaluate again the items with values
close to the limit and determine if it is really worth including them to the
instrument. Other greater cut-off values can be, of course, selected, leading to
shorter instruments.

Regarding negative values, this is a sign indicating some sort of a
problem concerning these items. Negative values give a negative slope to the
ICC (Figure 7Figure 8), which actually means that the lower the ability one
possesses, the more likely it is to answer the item correctly and vice versa. This
Is not desirable when seeking items that discriminate the subjects in a proper
way. These items provide also only a little amount of information about the
latent construct. In Figure 9 we can see the difference between the information
provided by such kind of items (q28, 919, g24, 925 and g5) and the information
provided by a highly discriminating item (g3). For this reason, items with
negative values are the first to be excluded from the new instruments.
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Item Characteristic Curves
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— Pr(q19=1)
— Pr(g24=1)
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Figure 8: ICCs of items with negative discrimination values
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Figure 9: Example of IIFs with different discrimination values
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There is no consensus on what is the minimum sample size needed to
accurately estimate the parameters of the model. However, there are some
guidelines proposed. Sample size should be increased depending on the
complexity of the model, but on the other hand, the better the item response data
meet the assumptions of IRT, the smaller sample size is needed (Edelen &
Reeve, 2007). Some have suggested that 200 or fewer observations can be
adequate for models with more than one parameter (Orlando & Marshall, 2002;
Thissen et al., 1986, as cited in Edelen & Reeve, 2007). Considering the above,
we assume that the observations from the study of Kaotong (2011) are sufficient
for the 2PL model analysis. As the new instruments show a stronger relation to
the latent construct, thus supporting the assumption of unidimensionality, and
additionally by reducing the number of the items, leading to a less complex
model, we can assume that less observations are required.

The four adjusted instruments (presented in Appendix) were distributed
to the subjects in different ways. Concerning the primary and junior high school
students, the questionnaires were printed out and given to their teachers in order
to be filled out in the classroom. Oral and written instructions about how to
distribute and fill in the questionnaires were given to each teacher. Regarding
the primary school education students, the instrument was assembled using the
Google Forms and was distributed online to them. A mixture of online and
printed out questionnaires were distributed to teachers of primary and secondary
school education that are active in various schools of Greece. In this way, it was
possible to collect a greater amount of data about this category. The data from
both questionnaires were merged in one dataset and were analyzed regardless of
the form (online and printed out).

The sample in this study consisted of a sum of 489 subjects in total, from
which, 122 were primary school students, 116 were junior high school students,
155 were primary school education students and 96 were teachers. The
instrument was distributed to 60 primary school students of the fifth class and
62 of the sixth, as they are the ones that have a physics class at school. They
were all studying in public primary schools in the city of Arta, Greece. Equal
number of students (58) from each of the second and third grade of junior high
school took part in the study. They all came from public junior high schools of
Arta. The students were coming from all the four obligatory years of study and a
few were also in the fifth or greater year. The Departments of Primary School
Education that they studied were these of the University of loannina, the
Democritus University of Thrace and the University of Thessaly. From the 96
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teachers who took part in the study, 73 were active in the primary school
education level and the rest 23 in the secondary, also having various subject
specializations. For detailed descriptive statistics of the sample see the
Appendix.
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5. Results

We analyzed the data from the instrument separately for each group of
participants. We applied the 3PL model but the algorithm of the model failed to
converge. It is likely that this is happening because the 3PL model is too
complex and needs a much bigger sample.

5.1. Primary School

For the primary school students, we used the 2PL model we present the
item discrimination and difficulty parameters and their uncertainty in Table 2.
We sorted items in ascending order with regards to their discrimination value,
which is also the most useful parameter in assessing them. In the upper half of
Table 2, under the column “Coef.”, are the discrimination values and likewise in
the second lower half the difficulty values. Taking a quick look at the
discrimination values, one can see that they are relatively low.
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Two-parameter logistic model Number of obs = 205
Log likelihood = -3239.6297
Coef. Std. Err. Z P>|z| [95% Conf. Interval]
Discrim
qg28 -.7808284 .2569323 -3.04 0.002 -1.284406 -.2772503
qgl9 -.7037032 .294844 -2.39 0.017 -1.281587 -.1258195
24 -.398033 .4294057 -0.93 0.354 -1.239653 .4435867
a25 -.3233875 .2383914 -1.36 0.175 -.790626 .143851
ab -.1637992 .1791942 -0.91 0.361 -.5150134 .187415
a8 -.1250254 .2035234 -0.61 0.539 -.5239239 .2738731
q’ -.1132817 .1911899 -0.59 0.554 -.4880071 .2614436
qgl>b -.0779762 .1927291 -0.40 0.686 -.4557183 .2997659
glé -.0696315 .193742 -0.36 0.719 -.4493587 .3100958
g2 -.018606 .1867899 -0.10 0.921 -.3847075 .3474955
23 -.0026474 .1842566 -0.01 0.989 -.3637836 .3584888
al .1405604 .1868913 0.75 0.452 -.2257399 .5068606
a9 .2162747 .2169603 1.00 0.319 -.2089597 .6415092
a26 .2320812 .190826 1.22 0.224 -.141931 .6060934
qgl2 .3414713 .1897511 1.80 0.072 -.0304339 .7133766
g4 .3438353 .2189716 1.57 0.116 -.0853413 .7730118
gls .5299825 .2219819 2.39 0.017 .094906 .9650589
g2l .5563853 .2469568 2.25 0.024 .0723589 1.040412
qglo .5623709 .4319756 1.30 0.193 -.2842857 1.409028
g6 .5692462 .2843999 2.00 0.045 .0118326 1.12666
gl3 .6298698 .217885 2.89 0.004 .202823 1.056917
q22 .7096668 .2253524 3.15 0.002 .2679842 1.151349
qgl4d .795164 .3017659 2.64 0.008 .2037137 1.386614
ql’ .9300987 .2829457 3.29 0.001 .3755353 1.484662
qg20 1.036176 .3031325 3.42 0.001 .4420467 1.630304
qa27 1.056041 .3297168 3.20 0.001 .4098076 1.702274
gll 1.177304 .3436471 3.43 0.001 .5037684 1.85084
a3 1.504651 .3855123 3.90 0.000 .7490603 2.260241
Diff
qg28 -1.279285 .3981982 -3.21 0.001 -2.059739 -.4988305
gl9 -2.569529 .9473944 -2.71 0.007 -4.426388 -.7126702
g24 -7.638587 7.910215 -0.97 0.334 -23.14232 7.86515
a25 -4.577464 3.279963 -1.40 0.163 -11.00607 1.851146
ab -1.263831 1.613708 -0.78 0.434 -4.426641 1.898978
a8 -5.801028 9.448599 -0.61 0.539 -24.31994 12.71788
q’ 4.316595 7.3517 0.59 0.557 -10.09247 18.72566
qgls -9.853923 24.36106 -0.40 0.686 -57.60072 37.89288
qglé -10.38904 28.91842 -0.36 0.719 -67.0681 46.29002
g2 -25.0927 251.9865 -0.10 0.921 -518.9772 468.7918
23 -130.2567 9065.883 -0.01 0.989 -17899.06 17638.55
gl 4.08252 5.476933 0.75 0.456 -6.652072 14.81711
a9 5.286117 5.2492¢67 1.01 0.314 -5.002256 15.57449
qa26 -1.859409 1.613971 -1.15 0.249 -5.022734 1.303915
qgl?2 -.1481369 .4275827 -0.35 0.729 -.9861835 .6899097
a4 2.92193 1.827583 1.60 0.110 -.6600674 6.503927
gls -1.496601 .6297241 -2.38 0.017 -2.730837 -.2623641
g2l -2.375765 .983697 -2.42 0.016 -4.303776 -.4477547
qglo -5.34576 3.786622 -1.41 0.158 -12.7674 2.075884
g6 -3.084695 1.409678 -2.19 0.029 -5.847613 -.3217761
qgl3 -.2235491 .2503385 -0.89 0.372 -.7142035 .2671053
q22 .5055624 .2593879 1.95 0.051 -.0028286 1.013953
qgl4d -2.27629 .7397832 -3.08 0.002 -3.726239 -.826342
ql?7 -.893846 .2707745 -3.30 0.001 -1.424554 -.3631378
q20 -.9065389 .251645 -3.60 0.000 -1.399754 -.4133237
a27 -1.490846 .3747514 -3.98 0.000 -2.225346 -.756347
gll -1.2436098 .2902487 -4.28 0.000 -1.812575 -.6748209
a3 .1453437 .134393 1.08 0.279 -.1180619 .4087492

Table 2: 2PL model results for primary school
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The TCC for this test is shown in Figure 10. As expected, with relatively
low item discrimination values, the TCC shows that the test is not so effective in
discriminating the subjects. For an ability level of 6=0, the expected score is
14.1. Moving to the right, where the ability level rises, the expected score is
rising as well. However, it does not reach great values. After the point of 6=4
the improvement of the expected score is minimal. As we are moving to the
opposite side, we notice a greater differentiation but still it remains at a low
level.

Test Characteristic Curve

28+

17.3+

14.1+

8.75

Figure 10: TCC for primary school

As for the TIF presented in Figure 11, we notice that the greatest amount
of information is provided for subjects belonging to the HSPs with ability
approximately between -1.5 and 0.

Test Information Function

Standard Error

Theta

Standard error

Test information

Figure 11: TIF for primary school
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As we see, many of the items have negative discrimination values. These
items are the first to be excluded from the new instrument. The next step is to
evaluate which of the remaining items are appropriate for inclusion in the new
instrument. As mentioned in Section 4, we excluded items with discrimination
values lower than 0.34. In Figure 12, the ICCs of the first 6 items with
discrimination value greater than 0.34 are shown. For items q12, g4 and g10, the
z-test and the 95% CI (as shown in Table 2), reveal that their discrimination
values are statistically equal to zero. For this reason, we decided to exclude
them from the new instrument as well. This fact is also manifested in the ICC
and IIF graphs in Figure 12 and Figure 13. The ICCs for these items show that
their discrimination power is not enough to discriminate the individuals
properly and the corresponding IIFs show that they do not provide sufficient
information about the latent construct, especially in compare with items 18,
g21 and g6b.

Item Characteristic Curves

Figure 12: ICCs of items with
discrimination close to the cut-off
values for primary school
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Item Information Functions

Figure 13: IIFs of items with
discrimination close to the cut-off
values for primary school
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Considering all the above, we excluded the 17 items that have a
discrimination value lower than 0.34 and/or their values are statistically equal to
zero, from the new instrument for this group. In order to acquire some early
information about the new questionnaire before it is distributed, the 2PL model

was applied to the remaining 11 items. The results are shown in Table 3.

Two-parameter logistic model

Number of obs

Log likelihood = -1273.7847
Coef. Std. Err. z P>|z| [95% Conf. Intervall]
Discrim
g6 .5408922 .2879078 1.88 0.060 -.0233967 1.105181
ql3 .5938382 .219423 2.71 0.007 .163777 1.0239
qls .6043385 .2397228 2.52 0.012 .1344904 1.074187
g2l .640117 .2608227 2.45 0.014 .1289139 1.15132
q22 .7381882 .2348061 3.14 0.002 .2779767 1.1984
ql4d . 7545464 .3043833 2.48 0.013 .1579662 1.351127
ql?7 .8097416 .272536 2.97 0.003 .2755809 1.343902
q27 .903282 .3066492 2.95 0.003 .3022606 1.504303
q20 1.081477 .3174445 3.41 0.001 .459297 1.703657
qll 1.203391 .3691927 3.26 0.001 .4797864 1.926995
g3 1.557053 .4391096 3.55 0.000 .6964136 2.417692
Diff
a6 -3.228389 1.58215 -2.04 0.041 -6.329345 -.127432
ql3 -.2338479 .2649076 -0.88 0.377 -.7530573 .2853616
gls -1.334736 .5258284 -2.54 0.011 -2.365341 .3041313
g2l -2.10378 .7826393 -2.69 0.007 -3.637725 .5698348
q22 .4902143 .2502779 1.96 0.050 -.0003213 .9807499
qgl4d -2.374901 .8286082 -2.87 0.004 -3.998943 .7508589
ql?7 -.9897167 .3305077 -2.99 0.003 -1.6375 .3419335
q27 -1.667415 .4766457 -3.50 0.000 -2.601623 .7332062
g20 -.8796411 .2420091 -3.63 0.000 -1.35397 .4053119
gll -1.225652 .2928185 -4.19 0.000 -1.799565 .6517381
a3 .1449005 .1321318 1.10 0.273 -.1140731 .4038742

Table 3: 2PL model results for primary school before distribution
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We can see now that the instrument has relatively greater discrimination
values. The TCC’s slope (Figure 14) is now steeper, implying a greater
discrimination ability of the test and also covers a much greater range of the
expected score.

Test Characteristic Curve

1041

7.63
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Figure 14: TCC for primary school before distribution

The TIF (Figure 15) is showing only a small differentiation regarding the
HSPs where the test provides the most information.
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Figure 15: TIF for primary school before distribution
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The data collected with the new instrument were analyzed with the same

way as before, applying the 2PL model. The results are presented in Table 4.

Two-parameter logistic model Number of obs = 122
Log likelihood = -673.1182
Coef. Std. Err. z P>|z| [95% Conf. Interval]
Discrim
qz2 -1.170702 .3683766 -3.18 0.001 -1.892706 -.4486967
gll -.4217926 .2504411 -1.68 0.092 -.9126481 .0690628
ql? 1.285276 .4308308 2.98 0.003 .4408634 2.129689
ql3 1.316791 .3902181 3.37 0.001 .5519777 2.081605
g3 1.392204 .3629149 3.84 0.000 .6809042 2.103504
qls 1.663953 .5063845 3.29 0.001 .6714579 2.656449
a6 1.727281 .4972936 3.47 0.001 .7526035 2.701958
q20 1.820847 .4678224 3.89 0.000 .9039316 2.737762
ql4 2.327351 .6992389 3.33 0.001 .9568677 3.697834
gzl 2.787752 1.089273 2.56 0.010 .6528157 4.922689
q27 3.283159 1.223094 2.68 0.007 .885939 5.680379
Diff
q22 -1.128021 .3090654 -3.65 0.000 -1.733778 -.5222637
gll 2.652601 1.549129 1.71 0.087 -.3836354 5.688838
ql?7 -1.418504 .3649014 -3.89 0.000 -2.133698 -.7033105
ql3 -.8607149 .2380467 -3.62 0.000 -1.327278 -.394152
g3 -.3945068 .1829546 -2.16 0.031 -.7530912 -.0359223
qls -1.116439 .2446732 -4.56 0.000 -1.59599 -.6368886
g6 -.8563047 .1985017 -4.31 0.000 -1.245361 -.4672485
q20 -.3930182 .1577766 -2.49 0.013 -.7022548 -.0837817
ql4 -.8899078 .1733685 -5.13 0.000 -1.229704 -.5501118
gzl -1.218047 .2166311 -5.62 0.000 -1.642637 -.7934584
q27 -.9015287 .1539278 -5.86 0.000 -1.203222 -.5998358

Table 4: 2PL model results of the new instrument for primary school
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It is obvious that the discrimination values are now significantly greater,
thus making the items more informative (as an example see IIFs in Figure 16).

Item Information Functions
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Figure 16: I1Fs of the new instrument for primary school

This is also confirmed by the TCC (Figure 17), which is now much
steeper than expected, and the TIF (Figure 18), which reveals that the test
provides a much greater amount of information about the latent construct.
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Figure 17: TCC of the new instrument for primary school
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Figure 18: TIF of the new instrument for primary school
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In order to observe the variations of the discrimination values through the
different phases of the analysis, the following table was created (Table 5Table 14).
Values marked with red are the ones that are statistically equal to zero. For
phases 1 and 2, the discrimination values are more or less the same. For phase 3,
these values are now different, probably because they come from a different set
of data. All items seem to work better (by being more discriminating and
informative) in the new instrument, except for items gll and g22. Their
discrimination values are now negative and for 11 also statistically equal to
zero. Nevertheless, as discussed before, the overall image of the test is improved
to a greater level as expected.

Coef_

Discrim Phase 1 Phase 2 Phase 3
a3 1_504851 1_557053 1.352z204
g& -58924%2 -540852z2 1.727z281

gll 1.177304 1.2033%1 -_421782&6
gla -8Z986598 -593838z2 1.318751
gl4 -7951c4 - 7545454 Z2.327351
gl7 -9200987 -805741¢s 1.28527&
gla -5Z98B825 -8043385 1l.883953
gz 1._032el7e 1.081477 1.820247
gzl -5563853 -e40117 Z2.787752
gZZ -709&6%8 .738188BZ -1.170702
gz7 1_05&041 -903z282 3.28315%

Table 5: Comparing table for primary school
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5.2.  Junior High School

The 2PL IRT model failed to converge for junior high school students.
Taking a look at the summarizing table of the items (Table 6), question 10 (g10)
seems to be correctly endorsed at an almost 98% with the lowest Standard
Deviation value of all the others (=0.14). That means that this item does not
variate enough among the individuals of the sample and could possibly cause
the problem to the 2PL model analysis. Indeed, executing a 2PL model analysis
and excluding this item, we get the results shown in Table 7.

Variable Obs Mean Std. Dev. Min Max
gl 196 .6020408 .4907304 0 1
q2 196 .5714286 .4961389 0 1
a3 196 .75 .4341216 0 1
g4 196 .8010204 .400255 0 1
a5 196 .5357143 .5 0 1
a6 196 .9183673 .2745054 0 1
q7 196 .8469388 .3609685 0 1
a8 196 .7346939 .4426267 0 1
a9 196 .9081633 .2895349 0 1

qglO 196 .9795918 .141754 0 1
gll 196 .9285714 .2581989 0 1
qgl2 196 .6836735 .4662329 0 1
ql3 196 .8367347 .3705541 0 1
qgl4 196 .8877551 .3164759 0 1
qls 196 .4489796 .4986638 0 1
qlé 196 .6377551 .4818799 0 1
ql?7 196 .7346939 .4426267 0 1
qls 196 .8061224 .3963465 0 1
qglo 196 .3877551 .488486 0 1
q20 196 .6632653 .4738035 0 1
g2l 196 .8163265 .3882093 0 1
q22 196 .4489796 .4986638 0 1
q23 196 .6938776 .4620615 0 1
q24 196 .5102041 .501176 0 1
q25 196 .1530612 .3609685 0 1
q26 196 .6530612 477215 0 1
q27 196 .8163265 .3882093 0 1
g28 196 .5357143 .5 0 1

Table 6: Summarizing table of the items for junior high school
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Two-parameter logistic model Number of obs = 196
Log likelihood = -2807.2808

Coef. Std. Err. 4 P>|z| [95% Conf. Interval]

Discrim
g2 -.088726 .187931 -0.47 0.637 -.4570641 .2796121
q27 .0361365 .2460396 0.15 0.883 -.4460922 .5183653
qls .0446636 .2337296 0.19 0.848 -.413438 .5027653
qglo .1804043 .198086 0.91 0.362 -.207837 .5686457
ql?7 .1881973 .212991 0.88 0.377 -.2292573 .6056519
g25 .2336194 .2536083 0.92 0.357 -.2634436 .7306825
a5 .2952585 .187735 1.57 0.116 -.0726954 .6632124
q22 .3014983 .1985282 1.52 0.129 -.0876099 .6906065
gzl .3138806 .2346057 1.34 0.181 -.1459381 .7736994
ql3 .3342775 .2472495 1.35 0.176 -.1503226 .8188776
g23 .432647 .2173224 1.99 0.047 .0067028 .8585911
a9 .4500853 .3180526 1.42 0.157 -.1732864 1.073457
gz20 .4708711 .2137831 2.20 0.028 .0518639 .8898782
q28 .5239202 .2035171 2.57 0.010 .1250341 .9228064
gz26 .6933699 .249072 2.78 0.005 .2051977 1.181542
a3 .7076103 .255025 2.77 0.006 .2077704 1.20745
gl .7532809 .2519033 2.99 0.003 .2595596 1.247002
ql4d .8364951 .3167742 2.64 0.008 .215629 1.457361
qls .843096 .2553719 3.30 0.001 .3425764 1.343616
qgl2 .9566294 .2922433 3.27 0.001 .3838432 1.529416
qglé .9685704 .2647902 3.66 0.000 .4495911 1.48755
g24 .9792999 .2793112 3.51 0.000 .4318601 1.52674
g4 1.049394 .3161783 3.32 0.001 .4296962 1.669092
g6 1.096883 .3946607 2.78 0.005 .3233619 1.870403
g8 1.521562 .4312733 3.53 0.000 .6762823 2.366843
gqll 1.822839 .6627723 2.75 0.006 .5238288 3.121849
q7 2.642052 1.011992 2.61 0.009 .6585843 4.625519
Diff

a2 3.248713 7.045478 0.46 0.645 -10.56017 17.0576
q27 -41.28974 281.017 -0.15 0.883 -592.073 509.4935
qls -31.91898 166.9417 -0.19 0.848 -359.1187 295.2807
ql9 2.551955 2.877478 0.89 0.375 -3.087798 8.191709
ql?7 -5.456007 6.138034 -0.89 0.374 -17.48633 6.574318
gz25 7.403398 7.910286 0.94 0.349 -8.100478 22.90727
a5 -.494922 .5801087 -0.85 0.394 -1.631914 .6420701
qz22 .694266 .6548131 1.06 0.289 -.5891442 1.977676
gzl -4.849843 3.532983 -1.37 0.170 -11.77436 2.074677
ql3 -4.999085 3.586089 -1.39 0.163 -12.02769 2.02952
g23 -1.971642 .9864655 -2.00 0.046 -3.905078 -.0382048
a9 -5.271363 3.521049 -1.50 0.134 -12.17249 1.629767
gz20 -1.512535 .7091008 -2.13 0.033 -2.902347 -.1227228
gz28 -.2908576 .307359 -0.95 0.344 -.8932701 .311555
q26 -1.008346 .3825193 -2.64 0.008 -1.75807 -.2586215
a3 -1.71348 .5720653 -3.00 0.003 -2.834708 -.5922527
ql -.6184566 .2727331 -2.27 0.023 -1.153004 -.0839095
ql4d -2.771388 .8933911 -3.10 0.002 -4.522402 -1.020374
qls .2785033 .207362 1.34 0.179 -.1279187 .6849254
qgl2 -.9556553 .283581 -3.37 0.001 -1.511464 -.3998468
qlé -.6977178 .2275345 -3.07 0.002 -1.143677 -.2517584
g24 -.0524558 .1754154 -0.30 0.765 -.3962636 .291352
g4 -1.595803 .3960683 -4.03 0.000 -2.372082 -.819523
q6 -2.618415 .7318872 -3.58 0.000 -4.052888 -1.183943
g8 -.9377589 .204836 -4.58 0.000 -1.33923 -.5362877
gll -2.019473 .4294356 -4.70 0.000 -2.861151 -1.177795
q7 -1.209978 .1991761 -6.07 0.000 -1.600356 -.8196

Table 7: 2PL model results for junior high school
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The discrimination values for this group are higher than the ones for the
primary school students. This is an indication that the instrument is more
appropriate for junior high school students than for primary school students.
This fact is supported from the TCC (Figure 19), which is steeper than the one for
the primary school, as well as from the TIF (Figure 20), which is providing
generally a greater amount of information and a lower standard error value.
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Figure 19: TCC for junior high school
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Figure 20: TIF for junior high school
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The ICCs and IIFs for items with discrimination values closer to the cut-
off value are presented in Figure 21 and Figure 22. It is clear, that items with
values lower than the cut-off value (q22, g21 and q13) provide less information
as items with greater ones (q23 and g20). The same applies for items whose
value is greater than our limit, but also statistically equal to zero (q9). These
items may sometimes appear to provide a relatively sufficient amount of
information for some HSPs (e.g., q9 provides information for HSPs with 6<-4),
but since the statistical test are not satisfying we cannot take them into account.

Item Characteristic Curves
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Figure 21: ICCs for items with discrimination values closer to the cut-off value
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Figure 22: I1Fs for items with discrimination values closer to the cut-off value
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For the remaining 16 items, the 2PL model was applied. The
discrimination values and the TCC are again improved (Table 8 and Figure 23).

Two-parameter logistic model Number of obs = 196
Log likelihood = -1651.7073
Coef. Std. Err. z P>|z| [95% Conf. Interval]
Discrim
q23 .3680199 .2114548 1.74 0.082 -.0464239 .7824637
q20 .4078033 .2038378 2.00 0.045 .0082886 .8073181
q28 .5301519 .2036334 2.60 0.009 .1310377 .929266
q26 .6935888 .2310632 3.00 0.003 .2407132 1.146464
gl . 7244879 .2317056 3.13 0.002 .2703534 1.178623
g3 .7658868 .2556089 3.00 0.003 .2649026 1.266871
qgléd .787162 .3097417 2.54 0.011 .1800794 1.394245
q24 .8464293 .2481162 3.41 0.001 .3601305 1.332728
ql5 .8661604 .2503799 3.46 0.001 .3754249 1.356896
g6 .9801241 .3685978 2.66 0.008 .2576857 1.702563
qlé .9929612 .263316 3.77 0.000 .4768713 1.509051
ql2 1.047694 .2963805 3.53 0.000 .4667992 1.628589
g4 1.11271 .3218983 3.46 0.001 .4818014 1.743619
g8 1.585394 .4465834 3.55 0.000 .7101063 2.460681
qll 1.8243 .6560534 2.78 0.005 .5384595 3.110141
q7 2.301246 .762464 3.02 0.003 .806844 3.795648
Diff
q23 -2.292509 1.314229 -1.74 0.081 -4.86835 .2833315
q20 -1.726012 .8891699 -1.94 0.052 -3.468753 .0167292
q28 -.2871393 .3039509 -0.94 0.345 -.8828721 .3085935
q26 -1.007726 .3660477 -2.75 0.006 -1.725166 -.2902855
gl -.6372292 .2789486 -2.28 0.022 -1.183958 -.0905
g3 -1.607023 .494284 -3.25 0.001 -2.575802 -.6382442
ql4 -2.913407 .9883927 -2.95 0.003 -4.850621 -.9761928
q24 -.0554151 .1954857 -0.28 0.777 -.4385599 .3277298
ql5s .2749782 .2017407 1.36 0.173 -.1204264 .6703828
q6 -2.84915 .8640491 -3.30 0.001 -4.542655 -1.155645
qle -.6846488 .2208134 -3.10 0.002 -1.117435 -.2518626
ql2 -.8962409 .2491877 -3.60 0.000 -1.38464 -.4078421
q4 -1.534846 .3601083 -4.26 0.000 -2.240646 -.8290472
g8 -.9190556 .1965037 -4.68 0.000 -1.304196 -.5339154
qll -2.030578 .4204636 -4.83 0.000 -2.854671 -1.206484
q7 -1.276218 .2110477 -6.05 0.000 -1.689864 -.8625719

Table 8: 2PL model results for junior high school before distribution
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Test Characteristic Curve
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Figure 23: TCC for junior high school before distribution

The TIF (Figure 24) is more or less the same but the indications from this
analysis are showing an overall improvement to the test.

Test Information Function
10 4 - o
- @
q —
S
o -~
B
o 3
C
8 - ©
)
N —
-0
o -
T T T T T
-4 -2 0 2 4
Theta
Test information Standard error

Figure 24: TIF for junior high school before distribution
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The descriptive statistics for the data collected from the new instrument
for this group can be found in the Appendix. In Table 9 the results of the 2PL
model analysis is presented. In this case, the discrimination values are lower
than expected, but at least they show an improvement, comparing with these of
the initial instrument. The first 7 discrimination values of Table 9 are statistically
equal to zero, and most of them at a relatively great significance level. The
results from this sample show that these items do not provide enough
information about the late construct.

Two-parameter logistic model Number of obs = 116
Log likelihood = -1080.2378
Coef. Std. Err. z P>|z| [95% Conf. Intervall]
Discrim
q26 .0214732 .2361054 0.09 0.928 -.4412849 .4842312
g23 .1514199 .2306261 0.66 0.511 -.3005989 .6034386
a3 .2418781 .2379733 1.02 0.309 -.224541 .7082972
ql4d .2895951 .3109488 0.93 0.352 -.3198534 .8990436
gl2 .3905426 .2614737 1.49 0.135 -.1219365 .9030218
g20 .4540692 .2518284 1.80 0.071 -.0395055 .9476438
g6 .5495159 .4073029 1.35 0.177 -.2487832 1.347815
g8 .8433384 .3244152 2.60 0.009 .2074963 1.47918
g28 .8517828 .3089006 2.76 0.006 .2463488 1.457217
q7 .8891533 .3522252 2.52 0.012 .1988047 1.579502
qlé6 .9265515 .3276608 2.83 0.005 .2843482 1.568755
g24 . 9472937 .3437738 2.76 0.006 .2735094 1.621078
gll 1.297576 .5204887 2.49 0.013 .277437 2.317715
gl 1.394766 . 4247522 3.28 0.001 .5622671 2.227265
a4 1.805679 .545838 3.31 0.001 .7358565 2.875502
gls 1.96843 .6679049 2.95 0.003 .65936 3.277499
Diff
q26 -29.89432 328.752 -0.09 0.928 -674.2364 614.4477
g23 .917203 1.854951 0.49 0.621 -2.718434 4.55284
g3 -1.312856 1.480568 -0.89 0.375 -4.214716 1.589003
ql4d -5.509936 5.783316 -0.95 0.341 -16.84503 5.825156
gl2 -1.908018 1.300653 -1.47 0.142 -4.457251 .6412162
g20 1.304886 .7999052 1.63 0.103 -.2628993 2.872671
g6 -3.970033 2.711129 -1.46 0.143 -9.283749 1.343683
g8 -.0556547 .2545135 -0.22 0.827 -.5544919 .4431826
g28 .5621151 .3044254 1.85 0.065 -.0345477 1.158778
q7 -.7994665 .3435493 -2.33 0.020 -1.472811 -.1261222
qlé 1.328489 .4421387 3.00 0.003 .4619125 2.195065
g24 1.538509 .4964402 3.10 0.002 .5655037 2.511514
gqll -1.298648 .386155 -3.36 0.001 -2.055498 -.541798
gl -.0163665 .1820424 -0.09 0.928 -.3731632 .3404301
g4l .5974554 .1915045 3.12 0.002 .2221134 .9727973
gls .0341593 .1547344 0.22 0.825 -.2691145 .3374331

Table 9: 2PL model results of the new instrument for junior high school
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The TCC (Figure 25) is not as steep as expected, but still steeper and more
discriminative than the one of the initial instrument.
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Figure 25: TCC of the new instrument for junior high school

As for the TIF (Figure 26), it is observed that this instrument is now
providing more information for HSP with a 0-value between 0 and 0.5.
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Figure 26: TIF of the new instrument for junior high school
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Table 10 presents the discrimination values for the items of the test
through the different phases. Again, the discrimination values are more or less
the same in Phases 1 and 2, but a lot different in Phase 3. Specifically, items
g20, 923, 926 and g3, that were the ones with the lowest discrimination values
included in the new instrument, did not manage to prove that they can still be
useful in measuring sufficiently the latent construct for this group. On the other
hand, item 28 provided this time more information by having a greater
discrimination value. There were also items that initially provided great values,
but in the new instrument they did not seem to work at all (q6, q12 and q14) or
at least as well as before (q7 and g8).

Coef
Diserim Phase 1 Phase 2 Phase 3
gl 75328058 .TZ244375 1.35%47¢8
a3 7078103 .Te588&8 .2418781
gd 1.045354 1.11z271 1.205&759
g 1.098883 .9801z41 .5458515%9
g7 Z.842052 Z2.301z4¢ .8851533
g8 1.5215&2 1.58535%4 .2433384
gll 1.28Z28335 1.2243 1.2597574
glz .95g8254 1.047&5%4 -35054z2¢
gl4 8384551 787162 .28585851
gls .84305¢ .8ggleld 1.56843
glé 9885704 .95z9g12 .9Z2g5515
gzd 4708711 .40783033 .4540852
gz3 432847 -38B8015% .1514145%
gz4 9782559 24584253 .9472537
gZa . 89336599 .8935888 0214732
gza 52358202 .530151% 8517828

Table 10: Comparing table for junior high school
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5.3.  Senior High School

We encountered serious statistical problems when trying to analyze data
for senior high school students. The 2PL model failed to converge and was
iterating indefinitely. We attempted to find items that caused this problem but,
unfortunately, the 2PL model analysis was not completed, even when excluding
many items and focusing on subsets of the instrument which appear to be less
problematic. The most probable cause could be the violation of the
unidimensionality of the instrument. There should be a lot more than one latent
constructs that the items are related to, thus, even by excluding various
combinations of items from the analysis, it was still not possible to complete the
analysis.

The goal of this thesis is to calibrate and validate all instruments by
calibrating the original one, analyzing the data and then tailoring it by removing
items to give the best fit to the hypothesized models. Since it was not possible to
calibrate this instrument with the available data, it was decided not to distribute
the same initial instrument again for this group. If we had done so, then the new
adjusted instrument should be distributed to a new sample, in order to be
calibrated and validated as well. As already mentioned in Section 4, due to the
difficulty of finding two different samples, we would not be able to achieve the
goal of this study, which is to calibrate and validate the new instruments as well.
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5.4. Students

The results of the 2PL model for this group (Table 11) are again better than
those for the previous one.

Two—-parameter logistic model Number of obs = 219
Log likelihood = -2901.1379
Coef. Std. Err. z P>z | [95% Conf. Interval]
Discrim
gl3 -.265615 .2482319 -1.07 0.285 -.7521404 .2209105
a5 -.1902752 .1879669 -1.01 0.311 -.5586835 .1781331
qg27 -.1731759 .189642 -0.91 0.361 —.5448673 .1985156
g23 -.0513794 .2102834 -0.24 0.807 -.4635273 .3607686
glo .0490332 .6263084 0.08 0.938 -1.178509 1.276575
gl5 .2278275 .1744317 1.31 0.192 —-.1140522 .5697073
gz22 .2443143 .1881498 1.30 0.194 -.1244526 .6130811
glo .2665167 .1761315 1.51 0.130 -.0786947 .611728
g20 .2787843 .1784399 1.56 0.118 -.0709514 .62852
gl4 .2789189 .4029207 0.69 0.489 -.510803 1.068641
g6 .3490572 .2540826 1.37 0.170 -.1489355 .8470499
g21 .4290073 .2174811 1.97 0.049 .0027522 .8552625
gql?7 .5113757 .2277004 2.25 0.025 .0650911 .9576603
gz25 .5250382 .224257 2.34 0.019 .0855026 .9645738
g26 .5283342 .2070387 2.55 0.011 .1225458 .9341225
gle .7287725 .21923064 3.32 0.001 .2990771 1.158468
g8 .750907 .2537177 2.96 0.003 .2536293 1.248185
gl2 .7990266 .2478756 3.22 0.001 .3131993 1.284854
a3 .8520338 .3934602 2.17 0.030 .0808661 1.623202
g7 .922574 .3177858 2.90 0.004 .2997254 1.545423
gls8 .9360947 .2891175 3.24 0.001 .3694348 1.502755
g24 1.054561 .2514925 4.19 0.000 .5616443 1.547477
gl 1.062129 .2924906 3.63 0.000 .4888582 1.635401
g28 1.087678 .2647386 4.11 0.000 .5688003 1.606557
a9 1.284475 .42604066 3.01 0.003 .4494387 2.119511
gll 1.538411 .7005267 2.20 0.028 .1654041 2.911418
g4 2.094593 .6628863 3.16 0.002 .79536 3.393826
g2 2.722854 .8286844 3.29 0.001 1.098663 4.347046
Diff
gl3 7.025219 6.431309 1.09 0.275 -5.579915 19.63035
a5 4.004015 3.964549 1.01 0.313 -3.766359 11.77439
g27 4.639023 5.08135 0.91 0.361 -5.32024 14.59829
g23 26.33669 107.7158 0.24 0.807 -184.7824 237.4558
glo -81.28178 1037.673 -0.08 0.938 -2115.083 1952.519
glb -.0412163 .601506 -0.07 0.945 -1.22014¢6 1.137714
gz22 -2.963317 2.297389 -1.29 0.197 -7.466116 1.539483
gl9 .6632904 .669820 0.99 0.322 —.6495445 1.976125
g20 -1.876209 1.263765 -1.48 0.138 —-4.353143 .6007247
gl4 -11.02349 15.60994 -0.71 0.480 -41.61841 19.57144
g6 -5.397317 3.794621 -1.42 0.155 -12.83464 2.040004
g2l -3.078747 1.498229 -2.05 0.040 -6.015222 -.1422723
gl?7 -2.359788 .9965976 -2.37 0.018 -4.313083 -.4064924
gz25 2.7241 1.09514 2.49 0.013 .5776639 4.870535
g26 —-1.480155 .5893724 -2.51 0.012 —-2.635304 -.3250066
gle -1.223618 .3706757 -3.30 0.001 -1.950129 -.497107
g8 -1.773571 .5372829 -3.30 0.001 -2.826626 -.7205158
gl2 -1.688137 .469261 -3.60 0.000 -2.607871 -.7684018
a3 -3.497727 1.358612 -2.57 0.010 -6.160557 -.8348968
a7 —-2.299444 .6468397 -3.55 0.000 -3.567227 -1.031661
gls -2.060384 .5261466 -3.92 0.000 -3.091612 -1.029155
g24 —.5366366 .1813072 -2.906 0.003 -.8919921 -.1812811
gl -1.486287 .3365718 —-4.42 0.000 —2.145955 -.8266182
g28 -.1006904 .1550994 -0.65 0.516 -.4046797 .2032989
g9 -2.294411 .5398843 -4.25 0.000 -3.352565 -1.236257
gll -2.958822 .8828 -3.35 0.001 -4.689078 -1.228566
g4 -1.738669 .2811236 -6.18 0.000 -2.289661 -1.187677
g2 -.5882278 .1159601 -5.07 0.000 -.8155053 -.3609502

Table 11: 2PL model results for students
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The difficulty values, as well as the TCC (Figure 27), show that the test
was relatively easy for students. In this group, the test seems to be providing the

most information for HSPs between -1 and 0 (Figure 28).
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Figure 28: TIF for students
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The ICCs and IIFs for items with discrimination values close to the cut-
off value are presented in Figure 29 and Figure 30. In the same way as before,
items with lower values than the cut-off value and/or values statistically close to
zero are excluded from the new instrument.

Iltem Characteristic Curves
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Figure 29: ICCs for items with discrimination values close to the cut-off value for students
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Figure 30: I1Fs for items with discrimination values close to the cut-off value for students
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The 17 items that were finally included were analyzed with the 2PL
model. The results (Table 12) show again an overall improvement.

Two-parameter logistic model Number of obs = 219
Log likelihood = -1703.3011
Coef. Std. Err. b4 P>|z| [95% Conf. Intervall
Discrim
gzl .4938435 .2194812 2.25 0.024 .0636683 .9240187
q25 .5188841 .2263314 2.29 0.022 .0752827 .9624854
ql? .5309863 .2220401 2.39 0.017 .0957957 .9661768
q26 .5438239 .2026795 2.68 0.007 .1465794 .9410685
qlé .6493568 .2101497 3.09 0.002 .237471 1.061243
g8 .7209043 .2449699 2.94 0.003 .2407721 1.201037
ql2 .8285573 .2450463 3.38 0.001 .3482753 1.308839
g3 .8313867 .3811847 2.18 0.029 .0842785 1.578495
q7 .8462269 .3006766 2.81 0.005 .2569115 1.435542
qls .942693 .2853496 3.30 0.001 .3834181 1.501968
gz24 1.02369 .2440022 4.20 0.000 .5454549 1.501926
gl 1.056096 .289856 3.64 0.000 .4879884 1.624203
q28 1.114381 .2651887 4.20 0.000 .5946211 1.634142
g9 1.278329 .4217485 3.03 0.002 .4517167 2.10494
qll 1.560849 .6941144 2.25 0.025 .2004096 2.921288
g4 1.949642 .5862004 3.33 0.001 .8007105 3.098574
q2 2.765739 .8369931 3.30 0.001 1.125262 4.406215
Diff
gzl -2.706545 1.142238 -2.37 0.018 -4.94529 -.4678003
q25 2.753103 1.130357 2.44 0.015 .5376447 4.968561
ql?7 -2.28173 .9052162 -2.52 0.012 -4.055921 -.5075392
az26 -1.442598 .5507967 -2.62 0.009 -2.522139 -.3630559
qlé -1.344666 .4395425 -3.06 0.002 -2.206153 -.4831786
g8 -1.833057 .5648472 -3.25 0.001 -2.940137 -.7259771
ql2 -1.640941 .4349651 -3.77 0.000 -2.493457 -.7884252
g3 -3.570074 1.387274 -2.57 0.010 -6.289082 -.8510662
q7 -2.458523 .7339577 -3.35 0.001 -3.897053 -1.019992
qls -2.050212 .5132956 -3.99 0.000 -3.056253 -1.044171
qz4 -.5460312 .1860211 -2.94 0.003 -.9106258 -.1814365
gl -1.492081 .3380435 -4.41 0.000 -2.154634 -.8295277
q28 -.0976318 .1526229 -0.64 0.522 -.3967673 .2015036
g9 -2.303711 .5399262 -4.27 0.000 -3.361947 -1.245475
qll -2.938654 .8471737 -3.47 0.001 -4.599084 -1.278224
g4 -1.794765 .2953821 -6.08 0.000 -2.373703 -1.215826
q2 -.5847867 .1144536 -5.11 0.000 -.8091117 -.3604618

Table 12: 2PL model results for students before distribution
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The TCC (Figure 31) is now steeper and covers a greater

expected score but the TIF (Figure 32) does not differentiate a lot.
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Figure 32: TIF for students before distribution
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The descriptive statistics for the data collected with the new instrument
are found in the Appendix. These data were fitted to the 2PL model and the
results are shown in Table 13. The new instrument appears to have a great
Improvement regarding the discrimination values, as it was expected from the
analysis prior to its distribution. There are no negative values and those who are
statistically close to zero (ql, 2, 18 and g21), this is, however, at a relatively
low significance level.

Two-parameter logistic model Number of obs = 155
Log likelihood = -1373.3759
Coef. std. Err. z P>|z| [95% Conf. Intervall]
Discrim
gl .2934187 .2143406 1.37 0.171 -.1266812 .7135186
g2 .413108 .2201092 1.88 0.061 -.0182981 .844514
qls .463073 .2806985 1.65 0.099 -.0870859 1.013232
gzl .4953284 .2816624 1.76 0.079 -.0567197 1.047376
gz28 .5033587 .2251217 2.24 0.025 .0621282 .9445891
ql?7 .5653916 .2472904 2.29 0.022 .0807113 1.050072
a25 .5747853 .2770397 2.07 0.038 .0317975 1.117773
q26 .6219042 .240293 2.59 0.010 .1509385 1.09287
gll .7499028 .3076169 2.44 0.015 .14698438 1.352821
qgl2 .9271402 .3007174 3.08 0.002 .3377449 1.516536
a3 .9661062 .3978734 2.43 0.015 .1862887 1.745924
gz4 1.069711 .3105854 3.44 0.001 .4609751 1.678447
g8 1.372725 .4081833 3.36 0.001 .5727003 2.172749
q9 1.379626 .4390327 3.14 0.002 .5191381 2.240115
g4 1.392175 .4350559 3.20 0.001 .5394812 2.244869
qlé 1.631954 .4558509 3.58 0.000 .7385022 2.525405
a7 2.152124 .7376468 2.92 0.004 .7063629 3.597885
Diff
gl -2.0798 1.570885 -1.32 0.186 -5.158679 .9990784
q2 -1.158417 .7048498 -1.64 0.100 -2.539897 .2230631
qls -3.506302 2.011828 -1.74 0.081 -7.449412 .4368072
gzl -3.204527 1.713774 -1.87 0.062 -6.563463 .1544087
q28 .4614537 .38835 1.19 0.235 -.2996983 1.222606
ql?7 -1.520113 .6668657 -2.28 0.023 -2.827145 -.2130799
az25 2.575533 1.153745 2.23 0.026 .3142352 4.836832
qgz26 -.4799408 .3231452 -1.49 0.137 -1.113294 .1534122
gll -2.236668 .811027 -2.76 0.006 -3.826251 -.6470838
qlz -1.213931 .367142 -3.31 0.001 -1.933517 -.4943462
g3 -2.584256 .8619787 -3.00 0.003 -4.273704 -.8948092
g24 -.2607388 .1920571 -1.36 0.175 -.6371638 .1156862
a8 -1.19654 .2781735 -4.30 0.000 -1.74175 -.6513304
a9 -1.616432 .3715609 -4.35 0.000 -2.344678 -.8881858
a4 -1.522605 .3463005 -4.40 0.000 -2.201341 -.8438681
qglé -.0009745 .1448286 -0.01 0.995 -.2848333 .2828842
q7 -1.569285 .2889871 -5.43 0.000 -2.13569 -1.002881

Table 13: 2PL model results of the new instrument for students
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The same applies for the TCC (Figure 33), which is almost identical
to the one from the prior analysis. This fact verifies the improvement of the
Instrument, as expected, providing a steeper curve. The TIF (Figure 34) is close
to the expectations as well, with the only difference that it provides the greatest
amount of information for HSP with a bit lower ability (approximately from -2
to -0.5).
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Figure 33: TCC of the new instrument for students
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Figure 34: TIF of the new instrument for students
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In order to observe the variations of the discrimination values through the
different phases of the analysis, the following table was created (Table 14). For
phases 1 and 2, the discrimination values are more or less the same. For phase 3,
these values are again different. Nevertheless, as discussed before, the overall
Image of the test is indeed improved as expected.

Coef
Diserim Phase 1 Phasze 2 Phase 3
gl 1.0821Z25 1.058036 LZ934187
qZ Z.722854 Z.TE5T33 -413108
a3 .8520338 .83138&7 .9EEl0Ez
a4 Z.094533 1.3496842 1.392175
a7 .922574 .B482269 Z.l52124
qs .750307 .7203043 1.372725
a3 1.284475 1.278323 1.37962¢
gll 1.538411 1.560343 7499028
glz .7350266 .BZ85573 .9ZT1402
glé TZETTES 8433568 1.€31954
ql7 5113757 .53032863 .5E5391E
gls .9380347 .94ZE93 .483073
gzl .4250073 .4338435 .4953z284
qZd 1.054581 1.02383 1.089711
gis .5Z5038z2 .5188841 5747853
gie .5zZE334z .543823% E2Z15042
gZa 1.087878 1.114381 5033587

Table 14: Comparing table for students
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5.5. Teachers

As expected, the instrument seemed to be easier for the teachers. The results
of the 2PL model are presented in Table 15.

Two-parameter logistic model Number of obs = 209
Log likelihood = -2513.2166
Coef. sStd. Err. z P>|z| [95% Conf. Interval]
Discrim
g2l .0553491 .2049121 0.27 0.787 -.3462712 .4569694
g3 .0723901 .3024348 0.24 0.811 -.5203713 .6651515
g6 .201099 .3862499 0.52 0.603 -.5559369 .9581349
gl3 .2316442 .2128653 1.09 0.276 -.1855641 .6488525
gl4 .3297775 .5699532 0.58 0.563 -.7873102 1.446865
g22 .3467995 .1829844 1.90 0.058 -.0118434 .7054423
glo .3759424 .1720504 2.19 0.029 .0387297 .713155
gl .3785361 .1874825 2.02 0.043 .0110772 .7459951
g27 .3900327 .2225414 1.75 0.080 -.0461404 .8262057
glo .4324339 .5851802 0.74 0.460 —-.7144981 1.579366
g26 .5633964 .194266 2.90 0.004 .1826419 .9441508
gl? .6114528 .2263446 2.70 0.007 .1678255 1.05508
g20 .624015 .2239987 2.79 0.005 .1849856 1.063044
g2 .6338079 .1878134 3.37 0.001 .2657005 1.001915
gls .6584363 .1936379 3.40 0.001 .2789129 1.03796
g23 .8663684 .338017 2.56 0.010 .2038672 1.52887
g5 .9026331 .2158883 4.18 0.000 .4794999 1.325766
g28 .9993582 .2238009 4.47 0.000 .5607165 1.438
g9 1.0926 .2693005 4.06 0.000 .564781 1.62042
gl2 1.209469 .3098041 3.90 0.000 .6022644 1.816674
g4 1.261927 .3928632 3.21 0.001 .4919293 2.031925
g24 1.302416 .2662681 4.89 0.000 .7805397 1.824291
g8 1.520982 .3249516 4.68 0.000 .8840885 2.157876
g7 1.682217 .3743688 4.49 0.000 .9484681 2.415967
gle 1.840165 .3694282 4.98 0.000 1.116099 2.564231
gll 1.844377 .6751705 2.73 0.006 .5210671 3.167687
gls8 2.17847 .6245381 3.49 0.000 .9543978 3.402542
g25 2.801442 .6843258 4.09 0.000 1.460188 4.142696
Diff
g2l -26.05269 96.37588 -0.27 0.787 -214.9459 162.8406
g3 -34.4295 143.6284 -0.24 0.811 -315.9361 247.0771
g6 -15.5128 29.49262 -0.53 0.599 -73.31728 42.29167
gl3 -6.852512 6.210681 -1.10 0.270 -19.02522 5.320199
gli4 -12.09562 20.41984 -0.59 0.554 -52.11778 27.92653
g22 -2.627003 1.387951 -1.89 0.058 -5.347336 .0933311
gl -.3432563 .4085882 -0.84 0.401 -1.144074 .4575619
gl -2.67567 1.313789 -2.04 0.042 -5.250649 -.1006914
g27 -4.330363 2.377807 -1.82 0.069 -8.990778 .3300528
glo0 -9.310139 12.10264 -0.77 0.442 -33.03088 14.4106
g26 -1.773431 .6090498 -2.91 0.004 -2.967146 -.579715
gl?7 -2.591318 .8861871 -2.92 0.003 -4.328213 -.8544228
g20 -2.546289 .8436041 -3.02 0.003 -4.199723 -.8928556
g2 -.0167738 .2384752 -0.07 0.944 -.4841766 .4506291
gls -1.002844 .3443577 -2.91 0.004 -1.677772 -.3279148
g23 -3.222564 1.052546 -3.06 0.002 -5.285516 -1.159612
a5 -.5438425 .2076776 -2.62 0.009 -.9508831 -.136802
g28 -.5539993 .1923542 -2.88 0.004 -.9310067 -.176992
g9 -1.616614 .3316813 -4.87 0.000 -2.266697 -.9665304
gl2 -1.934635 .3783469 -5.11 0.000 -2.676181 -1.193088
g4 -2.455772 .5513881 -4.45 0.000 -3.536473 -1.375072
g24 -.5917033 .1636089 -3.62 0.000 -.9123709 -.2710358
g8 -1.147382 .1978935 -5.80 0.000 -1.535247 -.7595183
q’7 -1.398957 .2156041 -6.49 0.000 -1.821534 -.9763811
gle -1.004765 .1618481 -6.21 0.000 -1.321981 -.6875487
gll -2.477011 .5115713 -4.84 0.000 -3.479673 -1.47435
gls8 -1.783048 .2549444 -6.99 0.000 -2.28273 -1.283366
g25 -.091956 .1025001 -0.90 0.370 -.2928525 .1089405

Table 15: 2PL model results for teachers
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All difficulty values are negative or statistically equal to zero, which implies
that the items where too easy for this group, and the TCC (Figure 35) provides
high values of expected score. Nevertheless, the test appears to be satisfyingly
discriminative, taking into account the fact that there is no negative
discrimination value and that the TCC is relatively steep.
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Figure 35: TCC for teachers

A greater amount of information about the latent construct is provided for
this group in combination with a lower standard error (TIF in Figure 36),
especially for individuals belonging to HSPs between -2 and 0.
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Figure 36: TIF for teachers
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For the first six items that have discrimination values greater than the cut-off
value, the ICCs and IIFs are shown in Figure 37 and Figure 38. Following the
same methodology, items with low discrimination values and/or with values
statistically close to zero are the ones to be excluded.
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Figure 37: ICCs for items with discrimination values close to the cut-off value for teachers
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Figure 38: I1Fs for items with discrimination values close to the cut-off value for teachers
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That leads to a new instrument with 20 items for this group. The 2PL model
was applied for this subset of items. The results (Table 16) are now showing an

even more discriminating instrument.

Two-parameter logistic model

Number of obs

Log likelihood = -1967.6321
Coef. Std. Err. z P>|z| [95% Conf. Intervall]

Discrim
gl9 .3404867 .1698669 2.00 0.045 .0075537 .6734196
gl .3665226 .1867755 1.96 0.050 .0004493 . 7325959
g26 .5639282 .1939828 2.91 0.004 .1837288 .9441276
q20 .6026623 .2216657 2.72 0.007 .1682055 1.037119
ql? .6456546 .2282679 2.83 0.005 .1982577 1.093052
g2 .6555368 .1898699 3.45 0.001 .2833988 1.027675
gl5 .6659267 .1939696 3.43 0.001 .2857532 1.0461
g23 .8198506 .3310652 2.48 0.013 .1709746 1.468727
g5 .9269887 .2181475 4.25 0.000 .4994276 1.35455
g28 .9534765 .2190757 4.35 0.000 .5240961 1.382857
a9 1.072594 .2654053 4.04 0.000 .55240093 1.592779
ql2 1.201229 .3074094 3.91 0.000 .5987178 1.803741
g4 1.244782 .3860589 3.22 0.001 .4881204 2.001444
q24 1.285628 .2636705 4.88 0.000 . 7688437 1.802413
g8 1.499899 .3209672 4.67 0.000 .8708144 2.128983
q7 1.676435 .3712733 4.52 0.000 . 9487528 2.404118
qll 1.828796 .6607273 2.717 0.006 .5337945 3.123798
glé 1.914253 .3836305 4.99 0.000 1.162351 2.666155
qls 2.350412 .674094 3.49 0.000 1.029212 3.671612
q25 2.707805 .6571196 4.12 0.000 1.419874 3.995735

Diff
ql9 -.3766146 .4547625 -0.83 0.408 -1.267933 .5147034
gl -2.757965 1.394212 -1.98 0.048 -5.490571 -.0253584
q26 -1.771717 .6075193 -2.92 0.004 -2.962433 -.5810012
g20 -2.623982 .895378 -2.93 0.003 -4.37889 -.8690732
ql? -2.473052 .8020684 -3.08 0.002 -4.045077 -.9010266
q2 -.0158258 .2318245 -0.07 0.946 -.4701935 .4385418
gl5 -.9929781 .3390399 -2.93 0.003 -1.657484 -.3284721
g23 -3.369486 1.157495 -2.91 0.004 -5.638134 -1.100837
g5 -.5324444 .2025718 -2.63 0.009 -.9294779 -.1354109
q28 -.5718243 .201134 -2.84 0.004 -.9660398 -.1776088
a9 -1.636417 .3395934 -4.82 0.000 -2.302007 -.9708259
ql2 -1.943292 .3812341 -5.10 0.000 -2.690497 -1.196087
g4 -2.479098 .5585514 -4.44 0.000 -3.573839 -1.384357
g24 -.5947653 .1654407 -3.60 0.000 -.9190233 -.2705074
g8 -1.15424 .2009137 -5.74 0.000 -1.548024 -.7604567
q7 -1.400339 .216285 -6.47 0.000 -1.824249 -.9764277
qll -2.492299 .5106482 -4.88 0.000 -3.493151 -1.491447
glé -.9860568 .1575838 -6.26 0.000 -1.294915 -.6771982
qls -1.739673 .2348403 -7.41 0.000 -2.199951 -1.279394
g25 -.0913803 .1034044 -0.88 0.377 -.2940493 .1112886

Table 16: 2PL model results for teachers before distribution
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This is also endorsed by the TCC (Figure 39), which is now steeper but still
providing relatively high values of expected score. The TIF (Figure 40) shows

minimal differentiation.
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Figure 40: TIF for teachers before distribution
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Once again, the new data were fitted to the 2PL model and the results are
presented in Table 17. The discrimination values are here in general greater, as
well, but there are still a few items that have very low and/or statistically zero

values.

Two-parameter logistic model

Number of obs

96

Log likelihood -904.77674
Coef. sStd. Err. z P>|z| [95% Conf. Intervall]

Discrim
a5 -.1006378 .2704742 -0.37 0.710 -.6307575 .4294819
q20 .2757723 .2467052 1.12 0.264 -.2077609 .7593055
g23 .4746954 .2968815 1.60 0.110 -.1071816 1.056572
g2 .7904695 .3216985 2.46 0.014 .159952 1.420987
ql?7 .8654515 .439981 1.97 0.049 .0031046 1.727798
gl5 .8927203 .4683598 1.91 0.057 -.0252481 1.810689
qg26 .93213 .3384773 2.75 0.006 .2687266 1.595533
g28 1.124721 .3600547 3.12 0.002 .4190267 1.830415
gll 1.173217 .4417713 2.66 0.008 .3073612 2.039073
gls 1.29077 .5362124 2.41 0.016 .2398125 2.341727
gl9 1.314802 .3937642 3.34 0.001 .5430379 2.086565
g25 1.45698 .3987661 3.65 0.000 .6754133 2.238548
ql2 1.470423 .784103 1.88 0.061 -.0663906 3.007237
gz24 1.574341 .5081708 3.10 0.002 .5783446 2.570338
glé 1.745462 .493471 3.54 0.000 L778277 2.712648
q7 1.787959 .8004806 2.23 0.026 .2190462 3.356872
a8 1.913809 .5417984 3.53 0.000 .8519033 2.975714
a9 2.121217 .663866 3.20 0.001 .8200638 3.422371
gl 2.514555 .8202718 3.07 0.002 .9068522 4.122259
g4 3.307915 1.76716 1.87 0.061 -.1556549 6.771484

Diff
ab 10.9416 29.36629 .37 0.709 -46.61527 68.49847
g20 -1.563404 1.549203 .01 0.313 -4.599786 1.472977
g23 -2.430865 1.472976 .65 0.099 -5.317845 .4561143
g2 -1.352848 .5328821 .54 0.011 -2.397278 -.3084183
ql?7 -2.320241 .9918945 .34 0.019 -4.264318 -.3761634
gl5 -2.598792 1.137985 .28 0.022 -4.829201 -.3683824
qgz26 -1.013341 .3768084 .69 0.007 -1.751872 -.2748103
g28 -.6927678 .2698554 .57 0.010 -1.221675 -.1638609
gll -1.501956 .4480926 .35 0.001 -2.380201 -.6237105
qls -1.753926 .5294071 .31 0.001 -2.791545 -.7163077
gl9 .7866679 .2655597 .96 0.003 .2661804 1.307155
g25 .2577673 .2049627 .26 0.209 -.1439522 .6594867
ql2 -2.233517 .7997176 .79 0.005 -3.800934 -.666099
gz24 -1.120381 .2745864 .08 0.000 -1.658561 -.5822018
glé -.5668424 .1928946 .94 0.003 -.9449089 -.1887758
q7 -1.81962 .4862011 .74 0.000 -2.772557 -.8666836
g8 -.5135401 .1812358 .83 0.005 -.8687557 -.1583244
a9 -.8747206 .1989123 .40 0.000 -1.264582 -.4848596
gl -.9510551 .1908075 .98 0.000 -1.325031 -.5770794
g4 -1.459711 .2749002 .31 0.000 -1.998506 -.9209168

Table 17: 2PL model results of the new instrument for teachers
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The TCC (Figure 41) is almost exactly as expected, but the TIF (Figure
42) implies that the test provides more information regarding the latent
construct than expected.

Test Characteristic Curve
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Figure 41: TCC of the new instrument for teachers
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Figure 42: TIF of the new instrument for teachers
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Taking a look at the progress of the discrimination values through the
different phases of the analysis (Table 18), it is noticeable that most of the items
have now improved values. Although, there are still these items that have
statistically zero values (g4, g5, 912, g15, 20 and g23), or simply a bit lower
values than before (g8, q11, g16, 918 and g25).

Coef._

Diserim Phase 1 Phase 2 Phase 3
gl .37853¢el 3oehiZo Z.514555
g2 .8338073 &e555368 .7304885
a4 1.281527 1.244782  2.307315
a5 89028331 -9Z2g9E887 |[—-_100&372
a7 1.882217 1.€76435 1.787353
g8 1.5Z0582 1.453E845%5 1.313805
g3 1.082e 1.07255%4 Z2.121217

gll 1.844377 1.828738 1.173217
glz 1.20%94e3 1_.Z201Z2Z% 1.470423
gls .6584363 .88532&7 8927203
gle 1.8401e5 1.314253 1.7454¢82
gl7 .8l1145Z28 6458548 .8854515
gls 2.17847 Z.350412 1.23077
gls 3755424 .3404587 1.314802
gz 0 624015 E0ZEEZ3 2757723
gZ3 goe3cE4 .815850¢ -4748554
gz4 1.30241e 1.2B856Z28 1.574341
gis Z.801442 Z.707805 1.45838
gZi 5833564 .5e33zZ82 93213
qZa .9353582 .9534765  1.1247Z1

Table 18: Comparing table for teachers
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6. Discussion and Conclusions

The purpose of this study, as it is already mentioned, is to calibrate,
improve and validate already existing instruments in the area of mechanics.

Analyzing the original instrument for each group, moving gradually from
the lowest to the highest age group, we noticed every time a rising
Improvement, regarding the average of correct answers, the discrimination
values and the appropriateness of the instrument. This finding, converges with
the conclusion of the study of Kotong (2011), where the results are getting
better in relation to the age group.

The instrument created for the primary school students appeared to be
much more effective than expected. The analysis for the initial instrument for
this group revealed that more than half of the items were not good enough at
measuring the academic ability in mechanics. In addition, the overall image of
the instrument was not that positive, as the TCC showed a low discrimination
power (not steep enough slope) and in connection to that, the TIF did not
provide a great amount of information about the latent construct. We excluded a
number of 17 items (from a total of 28) from the new instrument, as they
provided negative, statistically zero or too low discrimination values. The
discrimination values of the rest 11 items in the new instrument, were
significantly greater than before (>1,28), with only exception the items g11 and
g22 that did not seem to fulfill the expectations. As a result, the TCC is much
steeper than expected, showing that the new test is possessing a greater
discrimination power. Of course, greater discrimination power, means more
information about the late construct, fact which is also supported by the TIF
which now provides almost three times more information about it. Important is
also the fact that, according to the TIF, the new instrument provides the greatest
amount of information for almost the same HSPs as before. Therefore, the new
instrument is more appropriate for gathering information about the same ability
range of 6 comparing to the initial.

Regarding the instrument for the junior high school students, the results
were not that positive, as for the previous group. Although the results of the
initial instrument showed that the instrument was better at measuring the
academic ability in mechanics for this group as for the previous one, it was still
at a not satisfying degree. One item, (q10) was not varying enough, in order to
perform the 2PL model analysis, therefore, we excluded it directly from the
analysis. From the rest 27 items, 11 had discrimination values statistically equal
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to zero and the 16 items left, had at least sufficient values and we distributed
them to a new sample as a new instrument. The results from the new sample
were not as good as expected, but they were still showing an improvement of
the instrument. There were 7 items with values statistically equal to zero. Most
of the items that had initially low discrimination values did not seem to improve
(920, 923, g26 and g3), but one did (q28). Some other items, with greater
discrimination values, did not work at all (g6, g12 and gl14) or at least not as
well as before (q7, g8 and g11). The rest did not differentiate a lot through the
phases of the analysis. The TCC was steeper for the new instrument, but not as
much as expected and the TIF provided a bit less information about the latent
construct. The range of 0 that the most information is provided is approximately
from 0 to 0.5, where the corresponding one for the initial instrument is
approximately from -2 to -0.5. That means, that the new instrument is more
appropriate for gathering information about individuals with an average ability.

As mentioned in Section 5.3., neither did we calibrate nor did we validate
any instrument for the senior high school students, due to serious statistical
violations during the analysis of the initial instrument.

About the instrument for the primary school education students, the
results revealed a great improvement, almost as expected. The initial instrument
seemed to be relatively easy for this group. At the same time, a total of 11 items
had discrimination values close to zero, so that the new instrument would
consist of the 17 remaining. After the distribution, the instrument appeared to be
more effective at measuring the latent construct by providing greater
discrimination values. In addition, even the 4 items that had discrimination
values statistically equal to zero (g1, g2, g18 and g21), that was at a relatively
low significance level. The majority of the remaining items, obtained a greater
or maintained their discrimination power in the new instrument, with only
exceptions, items g4, g1l and g28. The last ones, could not maintain their
power, but they were still sufficient enough. The TCC was almost as expected,
only with a bit lower expected score for the zero value of 0. The TIF provided
almost the same amount of information (this time coming from fewer items),
but the range where the most information is provided was including students
with a bit lower ability (before for a range of approximately -1 to 0, now for a
range of approximately -2 to -1).

The fourth instrument, the one distributed to teachers, showed also
improvement, especially regarding the amount of information provided. The
original one for this group, seemed to be very easy, as the items possessed
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highly negative difficulty values or at least statistically equal to zero. This fact
Is also supported by the relatively high expected score (22,6/28) for the ability
level of 6=0. Nevertheless, the instrument is still sufficiently discriminative as
all the discrimination values of the items were over the cut-off value or at least
statistically close to zero. After we excluded 8 items and distributed the new
instrument to a new sample, we noticed that the new TCC was almost exactly as
we expected, but the TIF was providing this time a much greater amount of
information (and also a lower standard error). It is also important to note, that
the new instrument is providing the greatest amount of information for a more
specific group than the original one (before from approximately -2 to 0, now
from approximately -1,5 to -1). As for the 20 items included to the new
instrument, most of them had improved discrimination values. However, some
discrimination values were statistically equal to zero (g4, 95, 912, 15, q20 and
g23) and some others were a bit lower than expected, but still satisfyingly
discriminative (g8, ql11, q16, g18 and g25).

Worth mentioning, is the fact that the discrimination value of the item
g11 was the only one that worsen at every one of the new instruments. Although
it was discriminative at a great degree, only in the case of primary school
students its value dropped dramatically (from ~1,18 to statistically zero).

As a general conclusion of this study, we would say that every instrument
showed improvement, some of them at a greater degree and some at a lower.
Through this conclusion, it is once again highlighted how IRT and its statistical
models can be of great importance at the development of instruments in the area
of Physics’ research (and furthermore of educational research). The
implementation of this theory in the area of educational research can lead to
more accurate measurement instruments and consequently to more accurate
measurement and conclusions.

As suggestions for further research, we propose the removal of the items
that did not seemed to be discriminative or their replacement with new ones and
subsequently, the validation of these modified instruments. Especially, about the
instrument for the senior high school students, we propose initially the
redistribution of the initial one, followed by its calibration and the validation of
the one coming from the analysis.
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Appendix

Questionnaire for Primary School

Original Greek version

1. IlIéte aokovpe puo dSvvoun;

A) Otav onpdyvovue Eva TOOMANTO. B) Otav onpmyvoupe Evav toiyo.
I') Kot 6T1¢ dv0 EpmTOGELS.

2. 'Eva mondi meta o t€tpa, 1ote To mandi aokel dOOvaun oty néTpa;

A) Otav @ebdyet amd to €pt TOL. B) Otav givar otov aépa.

3. Otav nepraTdpe, GTPAOYVOVUE TO £00.00G:

A) Ilpog ta epumpog. B) I[Ipog ta wicw.

4. "Evo 0vTtoKivTo TOTE KiveiTon pe peyalitepn aoc@arera o€ taympévo dpopo; Otav
givan:

A) doeto. B) poptopévo.

5. 'Eva geha@pd empatiké avtokivito Kt éva fapd @opTtnyd Ppickovror 6€ KOKKIVO
oavapl. Otav avayel Tpaoivo «yKal®dvouvy To id10, Toro Ba EekivijoeL o Ypriyopa;

A) To emPoatiko. B) To gpoptyo.

6. H Papdtyra otn Lehjvn givar pikpotepn ané ™ Papdtyra s I'mc. To Bapog puog
o0KOoLATOG Eivon:

A) pikpotepo ot I'm o’ 411 ot ZeAnvn. B) peyoivtepo ot I'm an’ 611 otn ZeAnvn.

I') to 1610 kot ot I'm ko ot ZeAnqvn.
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7. "Eva pnho &yeu

A) 10 1610 Bapog otn I'n Ko ot ZeAqvn.
B) v 8w pdla ot I'm ko ot ZeAqvn.
I') idwo Bapog kat 610 pala ot I'n ko ot ZeAnvn.

8. ZXe& o pnid, £vo pAo 6TEKETOL 6TO KAUOT TOV KL éva GAA0 TEQPTEL TPOS TO £00.(OC.
IIowo am6 Ta dvo pnie Tapdyer £pyo;

A) Avtd ov éQTEL B) Avt6 mov otéketan 6To KA.
I') Kot To0 dvo pniao. A) Kavéva and ta dvo

9. Avefaivelg 6710 6£VTEPO 6POPO TOV GTLTIOV GOV, T1| HL0. POPA (OEL0G KL TNV GAAN
poptopévog pe npdypata. [ote Eodeverg peyarvtepo £pyo;

A) Orav gioco dogtoc.
B) Otav eloot poptmpévog.
I') To id10.

10. Avo a0inTég pe 1o 1010 Bapog Kar To 1610 Vyog Tpéyovy o€ amdctaon 100 pétpomv.
Ilowog KaTAVALAOVEL TEPLEGOTEPT) EVEPYELD;

A) Avtdg mov teppatilel TpdTOC.
B) Avtog mov teppatiCet devtepoc.
I') Katavolovouv v 1d1a.

11.”"Eva @optny0 méTE &1 peyolvtepn evépyero;

A) Otav kveiton.
B) Otav eivan otdopo.
I') 'Exet mévtote v 10101
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Translated English version

1. In which case do we apply a force?

A) When we push a bicycle. B) When we push a wall.
C) In both cases.

2. A child throws a rock, when does the child apply a force on the rock?

A) When it leaves its hand. B) When it is in the air.

3. When we walk, we push the ground:

A) to the front. B) to the back.

4. When does a car move with greater safety on an icy road? When it is:

A) empty. B) loaded.

5. A light private car and a heavy truck are stopped at a red traffic light. When it goes
green they both hit the gas the same, which one is going to start quicker?

A) The private car. B) The truck.

6. The gravity on the moon is weaker than the one on the Earth. The weight of a
chocolate is:

A) smaller on the Earth than on the moon. B) greater on the Earth than on the moon.

C) the same on the Earth and on the moon.
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7. An apple has:

A) the same weight on the Earth and on the moon.
B) the same mass on the Earth and on the moon.
C) the same weight and the same mass on the Earth and on the moon.

8. Onan apple tree, an apple is hanging on its branch and another one falls towards
the ground. Which one of them produces work?

A) The one falling. B) The one hanging on its branch.
C) Both. D) None.

9. You go up to the second floor of your house, the first time empty-handed and the
second one loaded with stuff. When do you produce greater work?

A) When you are empty-handed.
B) When you are loaded.
C) The same.

10. Two athletes with the same weight and height run a distance of 100 meters. Which
one requires more energy?

A) The one finishing first.
B) The one finishing second.
C) They both require the same.

11. When does a truck possess greater amount of energy?

A) When it moves.
B) When it is stopped.
C) It has always the same amount.
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Questionnaire for Junior High School

Original Greek Version

1. Avvapn givor n outio wov Eva coOpa:

A) TOPALOPPOVETOL. B) aALdler Tv KTk Tov KOTAGTOG.
I') mov kdvel kKou ToL dvo.

2. Iléte aockovue pa dvvaun;

A) Otav onpdyvovpue éva TodNAaTo. B) Otav onpdyvovpe évav toiyo.

I') Kot 671 dvo mepuntdoelc.

3. Ilote evepysl pa dOvaun 6° €ve cONO;

A) Otav apyifovpe vo KvoOLE £vo GO B) Otav otopatape éva copo Tov Kiveitot.

I') Kot 671 dvo Tepuntdoelc.

4. "Evo mo1di 1eTa P TETPa, TOTE TO TOLOL AGKEL SVVOUN 6TV TETPO;

A) Otav @edyet amd o y€pL TOL. B) Otav eivar otov aépa.

5. XKovtaQTm o€ P TETPaA, TV omoia Ko petakive. H wétpa:

A) Ackel o dOvoun kot g péva. B) Aev aokei dvvaun og péva.

6. XTumd TO YEPL pov o€ évo TPUTECL Ko UE TOVAEL TO YEPL, YIOTL;

A) Acknoa 6vvaun oto tpaméll. B) To tpaméll doxnoe dOvoun 6€ péva.

7. 'Otav ngpraTdpe, cTPAOYVOLUE TO £60.POG:

A) Ipog to gumpog. B) Ipog ta micw.

8. Ilote avamtvooetol peyarvtepn TP netadd £vOg AUTOKIVITOV KOl TOV dpOpov;

A) Otav givon oteyvog. B) Ortav tvan Bpeypévoc.

93
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9. "Eva gha@pv emPoTiké 00TOKIiVIITO KL £vo. fapd @opTNnyd BpickovTol 6€ KOKKIVO Quvapt.
‘Otav avayel Tpaoivo «ykaldvouvy To id10, Toro Ba Eekivijoel mo ypiyopa;

A) To emBatiko. B) To @optyd.

10. Orav Eekivagl To avTOKivTO, 01 EMPATES KIVOOVTOL TPOG TO. TIGCM:

A) g&outiog g TayvTNTOC. B) e&autiag tng adpdvelag. ) Aev Epw.

11. To Papog evog cdpaTOG Eivat:

A) dbvopn. B) 181010 T0v cdHATOC. I') n péla tov sodpatoc.

12, Xg o pnia, éva piro oTEKETAL 6TO KAAOL TOV Kt éva dAlo TEQTEL TPOS TO £00.00c. IToro
06 Ta 0vo pNia TaPayEL £pyo;

A) Avtd Tov TEQTEL B) Avtd mov otéketal 6To KA.

I') Kot ta dvo pho. A) Kavéva and ta dvo

13. Avo a0intéc pe To id10 Papog Kot To id10 Vyog TpEovv pa andéotacn 100 pérpov. Ilorog
&yl peyoalvtepn 1oyd;

A) Avtdg ov tepuartilel TpadTOG. B) Avtog mov teppartilet devtepog.

I') Kot ot 800 €govv v 1010 15y0.

14. Xg o TopTtoKoird £va TOPTOKAAL Eival TAVEO 6TO dEvTpo K éva, dilo E@TeL. [lowo and Ta
0V0 TOPTOKAAL £YEL EVEPYELAS

A) Avtd mov TEQTEL. B) Avto mov ivar oto dévrpo. I') Kot ta dvo.

15. Twti ov 00N Tég TOL NGOV ARG 6E PIKOG, TAIPYOLY POPO. KOL TPE(OLV;

A) T va Egmepaoovy TV ovTioTOoN 00 TOV 0EPO.
B) I'a va. amoktiioovuy peyaAdtepn evépyela.
I') Aev Eépo.

16. Avo apoifapiotes onk@vovy 1o id10 Bapoc. Iorog Eodever peyaidtepn evépyeara;

A) Avtdc ov givar o yniog. B) Avtog mov givar mo kovtog.
I') To 1610 kot ot dvo.
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Translated English version

1. Force is the cause that a body:

A) is deformed. B) changes its kinetic state.

C) both of the above.

2. Inwhich case do we apply a force?

A) When we push a bicycle. B) When we push a wall.

C) In both cases.

3. When does a force is being applied on a body?

A) When we start moving it. ~ B) When we stop a moving body.

C) In both cases.

4. A child throws a rock, when does the child apply a force on the rock?

A) When it leaves its hand. B) When it is in the air.

5. |1 fall on a rock, which I move. The rock:

A) Applies a force on me as well. B) Does not apply any force on me.

6. 1 slam my hand on the table and it hurts, why?

A) I applied a force on the table. B) The table applied a force on me.

7. When we walk, we push the ground:

A) to the front. B) to the back.

8. Inwhich case more friction between a car and the road is produced?

A) When the road is dry. B) When the road is wet.

S
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9. Alight private car and a heavy truck are stopped at a red traffic light. When it goes green
they both hit the gas the same, which one is going to start quicker?

A) The private car. B) The truck

10. When a car starts, the passengers are moved to the back:

A) because of the velocity. B) because of the inertia. C) 1 do not know.

11. The weight of a body is:

A) aforce. B) a characteristic of the body. C) the mass of the body.

12. On an apple tree, an apple is hanging on its branch and another one falls towards the
ground. Which one of them produces work?

A) The one falling. B) The one hanging on its branch.

C) Both. D) None.

13. Two athletes with the same weight and height run a distance of 100 meters. Which has more
power?

A) The one finishing first.
B) The one finishing second.
C) Both have the same.

14. On an orange tree one orange is on the tree and the other one is falling down. Which one of
them has energy?

A) The one falling. B) The one on the tree. C) Both.

15. Why do athletes of the long jump, speed up and run?

A) To overcome the resistance of the air.
B) To gain greater amount of energy.
C) 1 do not know.

16. Two weightlifters lift the same weight. Which one consumes more energy?

A) The taller one. B) The shorter one.
C) Both the same.
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Questionnaire for Primary School Education Students

Original Greek version

EpwTtnparoAdyio @oitnTwy NTAE

To £pwTNUaToASYIo QUTE EiVEl QVWYURD Kl Sev QmoBnrelsl TposwWMEES TAMDHpopIES.

" ATrouTerTan

1. L& Tolo ETog gpoiTnons Bpiokeoo; *
No emomuaiveran povo pia EALEmpn.
1o
Y 2o
3o
4o

Y G0 Kl avw

2. Adwapn eivan n amia Tow Eva ouwpa: ¥

No emoTuaiveTar povo pia EALENpI.
T e PO ERPLUN ETTIN.
| akAACEl TV KIVOTIED TOW KQTIOTAON.

| TOW KAVEN Kl Ta Suo.

3. Mz evav giho oou kavelg ekorha-evTes. T kaTedBuvon Eyouy o1 Buvdpelc Tow aokel o £vag
oTov ahhko oTa XEpIO oag; *

Mo smonuaiverar povo pia EALEmp.
151 BIEVEUVDT] KOl opd.
) 16a SedBuvon kol avTBETn @opd.

| AugpopeTier SiEVBUYT Kol Qopd.
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. NéTe aogroUps mia Sovapn; *

No smonuaiverar povo o EAASnpI.

7 Omav ompinvoups Eva oBnAarTo.
p

Y Omav oTpUNVOUNE EVaV TODo.

Kai oTig Buo TEQITTTWOES.

. MNéTe evepyel i SOvapn o £va owya; *

No smonuaiverar povo o EAASnpI.

"\ Omav apyifouvps va xivedpe Eva guwpa.

Fa Y r r r r
1 ] Cmaw TTOHOTOEME EVO T TToU KIVEITa L.

( Kai oTig Buo TEQITTTWOES.

. IEOVTOgTW OF PId TETPpa, TV oTola Kol peTakmww. H merpa: *

No smonuaiverar povo o EAASnpI.

Y Agwei ma Sdvapn ko oe péva.
) Aev aokei GOvapn oE pEva.

. XTuTw To XEPI HOU T EVa TPOTTEL Kal PE TTOWAEl T YEPI, yioTi: *

No smonuaiverar povo o EAASnpI.

"~ ) Agknoa Sivapn oo TpaTrEl.

"\ To tpamel) doxnoe Slvapn o piva.

. Elgan akivnTog orny mpwivh mpoceuyn. Ewelele moec Suvapeg umrapyouy (pove pia

amdavrnon). *
No smonuaiverar povo o EAASnpI.

[ H Slwapn Tou QoKW oTo 500,

( H S0wapn Tou aokei To EBOgoc o PEVa.

Kai o1 Suo wponyoUREVES.
Kawa Suvapn.
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O, Drav TEQTATANE, TTRUYVOURE To EBapoc: *
Nog smonuaiverar povo pia AL,
Mpoc Ta epTpoc.

Mpoc Ta Ticw.

10. MoTe avamTiooera peyaroTepn ToiPn perafl evos auTokIviTou Kol Tou Spopou; *
No semonuaiverar povo pia EAlenprn.

Y Omav eival aTeywoc.

"\ Omav eivan BpeypEvog.

11. To Bapog EVOC TWRAaToS Eivao: *
No semonuaiverar povo pia EAlenprn.

| Suvapn.
IHOTIT TOU TLpaTo:.

M PEdo Tow oWt

1Z. H BaplTnra otr ZeAfvn sivanl pikpaTEpn amo T BapotnTta Thg Mno. To Bapog o ookohdrag
£ivan: *

No smonuaiverar povo pia AL,

M_ pikpaTeEpo otn In am an ot Zehqwn.

peyakimepo ot M am' on otn Zeknwn.

Y To i@ o Cnoean ot Zehqvn.

12. "Eva priho £xer: *
No semonuaiverar povo pia EAlenprn.
") 1o iBio Bapoc ot My kai ot ZeAfvn.

) T iBia pada ot Mmoo ot Zekiqvn.

) iBio Pdpoc kan G pdda ot M ko ot =k,
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14. Avepaivelc oTo SEOTEQD OpOoPo ToOU TTTIMION TOU, TR KIA opd abooc Kol TV abhn opTWPEVTC
pe wpaypara. Move Eobeveg peyaliTepo Epyo; *
No smionuaiverar povo pia EALEnpr.

" Dmav oo ddeioc.

" Omav o popTwpévoc.

) To i

15. K& o ropTokalid eva TropTordil eival Travw oTo SEvTpo i eva abho wegpTer. Moo ams Ta Suo
mopTokahia £XE1 EVEpYENT; *

No smionuaiverar povo pia EAAsnpr.

| AUTO TTou TTEQTEL
Fa w ' r r
| | AuTo Trou Eval oo GEVTpO.

[ Ka Ta Buo.

16. EioTe oTo pmraAkovi Tou ommiol oag kal kortalete To nlaofaciiepa. Mou £xeTe peyaldTepn
EVEQVEID W TTpog To Ebagpog TRg Ing; *
No smionuaiverar povo pia EAAsnpr.

Y\ Omav €i0TE OToV TTPWTD Gpoa.

" Omav igTe oTo SedTEPD Apopa.

" 'ExeTe T il evEpyEa TravTol.

Y AEv EYETE TrouBevd evEpyEn.

17. Narn o aBhnreg wow TTRSoUY dApa O PriEss, TAipVvoUy Gopa K TpEXouy; *
No smionuaiverar pdvo pia EAAEnpr.

(. Ma va Cemepdoouy TNV avTioToon Qmd Tov aEpa.

Ma va amoETeouY HEYQAUTEDN EVERVEID.

) Aev EEpuw.

12, Avo apmiapioTes onEwvouy To iBio Bapog. Mowog Eoleda peyaliTeEpn eVEpyela; *
No emonuaiverar povo o AL

" AuTdc Trou givar o gnAdc.

| AUTOC TTOU EIVaI TTIO EOVTOC.

5

To B kan o1 Suo.

Mz v umeoTrpEn Tg
Google Forms
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Translated English version

1. On which year of studies are you:

® 1St
° 2nd
° 3]’d
° 4th

e 5" or greater.

2. Force is the cause that a body:
e isdeformed.
e changes its kinetic state.
e both of the above.

3. With a friend you do “hi-5”. What are the directions of the forces applied to your hands by
each other?
e Same direction and orientation.
e Same direction and opposite orientation.
o Different direction and orientation.

4. In which case do we apply a force?
e When we push a bicycle.
e When we push a wall.
e In both cases.

5. When does a force is being applied on a body?
o When we start moving it.
o \When we stop a moving body.
e In both cases.

6. | fall on a rock, which I move. The rock:
e Applies a force on me as well.
e Does not apply any force on me.

7. 1 slam my hand on the table and it hurts, why?
e | applied a force on the table.
e The table applied a force on me.

8. You are standing in the morning prayer. Choose which forces are applied (only one correct
answer):
e The force | apply to the ground
e The force that the ground applies on me
e Both of them
e None of them

9. When we walk, we push the ground:
e tothe front.
e tothe back.
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10. In which case more friction between a car and the road is produced?
e When the road is dry.
o When the road is wet.
11. The weight of a body is:
e aforce.
e a characteristic of the body.
o the mass of the body.

12. The gravity on the moon is weaker than the one on the Earth. The weight of a chocolate is:
e smaller on the Earth than on the moon.
e greater on the Earth than on the moon.
e the same on the Earth and on the moon.

13. An apple has:
e the same weight on the Earth and on the moon.
o the same mass on the Earth and on the moon.
o the same weight and the same mass on the Earth and on the moon.

14. You go up to the second floor of your house, the first time empty-handed and the second one
loaded with stuff. When do you produce greater work?
o When you are empty-handed.
e When you are loaded.
e The same.

15. On an orange tree one orange is on the tree and the other one is falling down. Which one of
them has energy?
e The one falling.
e The one on the tree.
e Both.

16. You are on the balcony of your house and look at the sunset. In which case do you have the
greatest amount of energy, in relation to the ground of the Earth?
e When you are on the first floor.
e When you are on the second floor.
e You have the same amount of energy in both cases.
e You have nowhere energy.

17. Why do athletes of the long jump, speed up and run?
e To overcome the resistance of the air.
e To gain greater amount of energy.
e | do not know.

18. Two weightlifters lift the same weight. Which one consumes more energy?
e The taller one.
e The shorter one.
e Both the same.
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Online Questionnaire for Teachers

EpwrnuartoAdyio EKTTAISEUTIKWY

To gpwnuateAdyio autd sival avwvupo ko Bev amobneels TpoOCWMEES TTANDOPOPIES.

* ATTOITETOI

1. Eipan exmmonBeutimog: *
No smonuaiverar povo g EAAEnp.

) mpwrofddwmag exTraibuang

g

" BeuTepofdBmac exmaifeuang

Z. Adwapn sivar o aimia Tow £va owpa: *
No smonuaiverar povo g EAAEnp.

Y TOpOpoppUIVETIL.

 okAGIEI TV KIVITIES TOU KaTdoTadrn.

| Tro KAavEl Kal Ta Suwo.

3. Me evav gihe oou kavelg akohha-mevtes. T kaTe0 Buvon exouy of Suvapss ToU QOoKEl O EVOC
oTov dAho oTa ¥Epia oag; *

No emonuaiverar pava pia EALEnpr.
:j TGa SieuSuvarn kol gopd.
__j 16 BedBuvon Kal avTiBeTn @opd.
) Moggpopeien BEOBUvon ka1 Popa.

4. NoTe evepyel mia Sovapn o' £va owya; *
No smonualveran povo pia EAALEnp.

| Omav apyilouvps va Kivolye Eva Swypa.

[ 'Omav oTopaTape EVa CWpa ToU KIVETTL

[ Kai oTig Guo TEQITTTWITENS,
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5. Mote evag moboopmpioTng aokel Bovapn o ma praha; *
No emonpaiveran povo o EALEnp.

" 'OTav T couTdpel.

" Omav kiveiTm Tpoc Ta GiyTua.

" K omig Suo TEpIMTTWOEC.

e

ZE KO TERITITWON.

f. EKOVTO@T OF Wia TETPa, TNV OTola kol PeTakmvus. H merpa: *
Mo cmonualveran povo g EAASmpr.

Y Aokei na Sdvapn ko o péva.

Fa “w P o '
| Mev aogrel Suvapn T pEVa.

7. XTumw To ¥EPI HOU OF £va TPOTTED KOl PE TTOVAEl To KEPI, yiaTi; *
No emionpaiveran povo wia EALEnp.
Y Aownoa Givapn oo tpamel.

s

Y To tpamel doxnoe Sivapn o pEva.

Z. Eigon aEivnTog Oy TTRuwivh MEeoeu . Inueiwos moies SUuvapel; umapyouy [povo pia
amavrnon). *
No emionpaiveran povo wia EALEnp.
H Slwapn Tou aokw oTo E5apoc.
H Sleapn mou aokel To EB0QoC O pEva.

Kai o1 fuo TponyoUNEVES.
Kama Sdvapn.

9. Urav TERTaTdues, OWpWEVOURE To EBapog: *
Mo cmonualveran povo g EAASmpr.

Mpoc Ta EPTTEGE.

Mpoc Ta micw.
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10. MoTe avamTOoooeTal PeyarUTepn TRIBN peTail evoc auTorkIviToU Kol Tow Spopou; *
No semonuaiverar povo pia EALEnpr.
" Omav eival oTeyvog

" Omav eival BpeypEvoc.

11. Drav EEKIVAE TO QUTOKIVITS, Ol EMIBATES KIVOUNTO TIPOS Ta Tiow: *
No semonuaiverar povo pia EALEnpr.
Y eEamiag e TayUTTaC
Y eEamiag g abpdvenc.
) e CEpuw.

12, To BPapog EVOC owpaTos elvan: *
No emonuaiverar povo pia EAASnp.
Y Blvapn.
IHIOTITE ToU CuipaTo.

M Pada Tow CuspaTo:.

12. H Bapirnra ot ZeAnvn sivanl gIkpoTepn amo 7 Bapotnra tng Mnc. To Bapoc piag ookoMITog
givan: *

No semonuaiverar povo pia EALEnpr.

piEpoTERED ot I am on ot Zeknvr.
peyahimepo ot [ at’ on ot Zeknvr.

i To Mo ko o T em o Zeknvn.

14. "Eva prjho xe: *
No semonuaiverar povo pia EALEnpr.

"~ ) 1o iBio Bapog ot T kan o ZeAdvn.
Y v i pada ot T'n ko ot ZeAqvn.

~ ) iBio Bapoc kan i pada o Mn ko otn Zehivi.
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15. Drav eloo o7 BaAooon KOl TNEWVEIS T TETpA PETT O To VERD, To BApoc TG TETpOC Eval:
®

No cmonuaiveral pova pia EAAsnpr.
") peyaoMdTEpo oTo VERG.
HIEPOTERD OTO VERS.

Y 1o b,

16. L pia prfad, eva priho oTEKETON OTo KAaSI Tou ¥ éva dAho TERTEl Tpog To ebagoc. Moo amd Ta
Suo prAa Tapayel £pyo; ¥

No cmonuaiveral povo pia EAASnpr.

) AUTd Trou TEGTEL

Y Autd Trou oTEKeTal oTo KAGSI.
Kai ma Suo prka.

Kaveva ame 1a Suo

17. Svo abinreg pe 1o IS0 Bapog ko To IS0 Ugos Tpexouy ma amooTtacn 100 perpuwy. Molog £xa
PEYAAITERN HTgw; *

No emonuaiverar povo g EAAsmpn.
7y AuTdc TTou TEpPOTIZEN TPLITOE.
:j AUTog TTou TEpPaTICEl BEUTEpOC.

Kai o oo £xouv v i ol

18. L& pia opTokalid £va TTopTokdall Eival TTavw oto Bevtpo ki eva arho mepTer Moo ame Ta Suo
TopToRGAIG EXEI EVERYVEID; *

No emonuaiverar povo g EAAsmpn.
| AUTO TTOU TTEQTEL
Y AuTd Trou eivan oTo SEvTpo.

Kol ma Suo.
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19. EioTe oTo paAEOVI TOU OTITIOU O0C Kal EITALeTe To nAaopaoiispa. Mou £XETE peyallTEDN
EVEpYVEID we TTpog To ebagog TR Mng; *
No cmonuaiverar povo pia EALEnp.

"\ Omav EigTE OTOV TRWTD Gpodpo.

| Dmav £ioTe oTo GEUTERD Opopo.

T

'EXETE Trw 1510 evEQYEND TTavToU.

Y few £yeTe TTouSsvd evEDYEM.

20. Narl o aBAnTeg ow TTRGolY GApa O PSS, Talpyouy @opa KOl TRERoUY; *
No cmonuaiverar povo pia EALEnp.

s

Ma va Semepdoouy TNV aQvTIOTAoT O Tow a&p.

{ Mia va amokToouy PEyalUTepn EVERYEID.

1

Aev EEp.

21. Avo gpmapioTeg onrwvouy To 15io Bapog. Mowog foleda peyaliTEpn EVEpYEID; *
No cmonuaiverar povo pia EALEnp.

7 Aurec Tou sivan ™o ynkac.

s . ' ' .
| | A.lel; TIOU EIVTI TTID EOVTOL.

y To B kan o0 Buo.

Me mw uraaTrpedn TG
Google Forms
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Printed Questionnaire for Teachers

Original Greek version

1. Avvopn givol i ortio wov éva cOpa:

A) Topapopedvetat. B) aALdler v KivnTikn Tov KOTAGTOG.
I') mov kdvet kai ta dvo.

2. Mg évav @ilo 6ov Kavels «<kOMAa-TEVTEN. T KaTEDOVVEY £(0VV 01 SVVANELS TOV AOGKEL 0 Evag
OTOV (ALO 6TA YEPLA GUC;

A) Téw0 dtevbuvon kat popd. B) I 61evbvvon kot avtifetn popd.
I') Awgopetikn diebBvveon kot popd.

3. Ilorte evepysel pua dOvaun 6° €vo cONO;

A) Otav apyifovpe va KvoOLE £vo GO B) Otav otopatape éva copo Tov Kiveitot.
I') Kot 671 dv0 Tepuntdoelc.

4. Tléte évag T0d0GPUIPIGTIG OOKEL SOVVANTY G P10 PITaAw;

A) Otav ) covtdapsl. B) Orav kweitat mpog ta diytoa.

I') Kot 671 dv0 Tepuntdoelc. A) Xe kapud mepintoon.

5. XKovtaQTom o€ P TETPaA, TNV omoia Ko petakive. H nétpa:

A) Aokel o dOvan kot o€ Héva. B) Aev aokel dvvaun oe péva.

6. Xtum® 70 YéPL pov o€ éva TPUTECL Ko PE TOVAEL TO YEPL, YLOTIS

A) Acknoa 6vvaun oto tpaméll. B) To tpoméll doxnoe dOvoun o€
péva.

7. Eioal axivitog 6Ty TPOIVI] TPOCELY]. ZNUEIMCE TOLEG OUVANELS VTAPYOVY (LOVO pia.

amavrion).
A) H 60vaun mov aok®d 6to £3a.(0G. B) H d0voun mov ackel to £0apog oe péva.
I') Ko ot dvo mponyovueveg. A) Ko ddvopn.

S
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8. Ortav mepmaTdps, GTPOYVOVUE TO £60.00C:

A) Ipog ta gpmpog. B) IIpog ta mico.

9. Ildte avamtvooetol peyarvtepn TP petadv £vog GUTOKIVIITOV KOl TOV dpOpov;

A) Ortav gival oteyvog. B) Otav eivon Bpeypévog.

10. 'Orav Egkivael To aVTOKIVIITO, 01 EMPATES KIVOOVTOL TPOG TA TIGM:

A) g&outiog g TaydINTOC. B) e€attiag g adpdavetac. I') Aev Eépo.

11. To Papog evog cdpaTOG Eivat:

A) dbvoun. B) 181010 TOL COUATOG. I') n nala tov odpatoc.

12. H BapdtnTte oty Xerjvn eivan pikpotepn amé ™) Papovtnta ™ I'me. To Bapog pog
GOKOLATOG ElvaL:

A) mkpdtepo ot I'n an’ 611 o1 ZEAvn. B) peyakvtepo ot I'n an’ 6t o1

YeAnvn.

I') 10 1310 ko 6t I'm Ko ot ZeAqvn.

13. ’Eva pijro e

A) 10 1610 Bapoc ot I'm Ko ot ZeAnvn. B) mv o1 pala ot ' ko ot
Yehvn.
I') idwo Bépog ko idor wala otn ' ko ot Zenqvn.

14. Orav giool otn 0GAoco0 KOl ONKAOVELS plo TETPO PEGA amd To veEPD, To Papog TG TéTpog
givan:

A) peyoldtepo oto vepo. B) pikpotepo oto vepod. I') to id0.

15. Xg o pnia, éva piro oTEKETAL 6T0 KLAOL TOV Kt éva dAlo TEQTEL TPOS TO £00.¢0c. IToro
06 Ta 0vo pNia TOPayEL £pyo;

A) Avtd mov mé@TeL. B) Avt6 mov otékeTon oto KA.
I') Kot tar dvo pnia. A) Kavéva and ta dvo

—
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16. Avo a0intég pe To idr0 Papog kar To Lo Vyog Tpéyovy a aroctacn 100 pétpov. Iovog
&yl peyaivtepn 1oyd;

A) Avtdc ov tepuartilel mpadTOC. B) Avtog mov teppartilet devtepog.

I') Kot ot 800 €govv v 1010 150

17. X& mo moptokoird £va mopToKAAL Eivar TAVO 6TO dEvTPo KL éva. drlo Té@TeL. Ilowo amd Ta
0V0 TOPTOKAMA £YEL EVEPYELA

A) Avto mov éPTEL B) Avt6 mov givan 6t0 dévTpo. I') Kot ta dvo.

18. Eicte 670 pmalkovi TOV 6TITIOV 60G KO KOrTaleTe TO hopaciiepa. Ilov £xete peyarvtepn
gvépyeln ag Tpog 10 £80Pog tng I'ng;

A) Otav giote 6TOV TPOTO HPOPO. B) Otav eiote 610 d€bTEPO OpPOPO.

I') 'Exete v 1010 evépyela mavto. A) Agv éyete movBevd evépyela.

19. Tweri ov aBAinTég OV TNOHOVV GApa 6€ PKOGC, TAIPYOVY POPA KA TPEYOVV;

A) T va Egmepaoovy TV avTioTaon oo ToV 0EPal. B) ' va. amoktioovy peyaidtepn

EVEPYELOL.

I') Aev Eépo.

20. Avo aporpapicteg onkdvovy 10 1010 Bapoc. Ilorog Eodeder peyardtepn evépyera;

A) Avtdc Tov givar o ynide. B) Avtog mov givar mo kovtog,. I') To {610 ko ot dvo.
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Translated English Version

(The first extra question of the online questionnaire is about being a primary or a secondary
school teacher.)

1. Force is the cause that a body:

A) is deformed. B) changes its Kinetic state.
C) both of the above.

2. With a friend you do “hi-5”. What are the directions of the forces applied to your
hands by each other?

A) Same direction and orientation.

B) Same direction and opposite orientation.

C) Different direction and orientation.

3. When does a force is being applied on a body?

A) When we start moving it. B) When we stop a moving body.
C) In both cases.

4. When does a football player apply force on a ball?

A) When he kicks it. B) When he moves to the nets.
C) In both cases. D) In neither one of these cases.

5. | fall on a rock, which I move. The rock:

A) Applies a force on me as well. B) Does not apply any force on me.

6. I slam my hand on the table and it hurts, why?

A) | applied a force on the table. B) The table applied a force on me.

7. You are standing in the morning prayer. Choose which forces are applied (only one
correct answer):

A) The force | apply to the ground

B) The force that the ground applies on me

C) Both of them

D) None of them

S
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8. When we walk, we push the ground:

A) to the front. B) to the back.

9. In which case more friction between a car and the road is produced?

A) When the road is dry. B) When the road is wet.

10. When a car starts, the passengers are moved to the back:

A) because of the velocity. B) because of the inertia. C) 1 do not know.

11. The weight of a body is:

A) aforce. B) a characteristic of the body. C) the mass of the body.

12. The gravity on the moon is weaker than the one on the Earth. The weight of a
chocolate is:

A) smaller on the Earth than on the moon. B) greater on the Earth than on the moon.
C) the same on the Earth and on the moon.

13. An apple has:

A) the same weight on the Earth and on the moon.
B) the same mass on the Earth and on the moon.
C) the same weight and the same mass on the Earth and on the moon.

14. When you are in the sea and you lift a rock in the water, the weight of the rock is:

A) greater in the water. B) lower in the water. I') the same.

15. On an apple tree, an apple is hanging on its branch and another one falls towards
the ground. Which one of them produces work?

A) The one falling. B) The one hanging on its branch.
C) Both. D) None.

—
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16. Two athletes with the same weight and height run a distance of 100 meters. Which
has more power?

A) The one finishing first.
B) The one finishing second.
C) Both have the same.

17. On an orange tree one orange is on the tree and the other one is falling down. Which
one of them has energy?

A) The one falling. B) The one on the tree. C) Both.

18. You are on the balcony of your house and look at the sunset. In which case do you
have the greatest amount of energy, in relation to the ground of the Earth?

A) When you are on the first floor.
B) When you are on the second floor.
C) You have the same amount of energy in both cases.

19. Why do athletes of the long jump, speed up and run?

A) To overcome the resistance of the air.
B) To gain greater amount of energy.
C) 1 do not know.

20. Two weightlifters lift the same weight. Which one consumes more energy?

A) The taller one. B) The shorter one.
C) Both the same.
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Descriptive statistics for Primary School Students

Kapsalas loannis

Grade
Cumulative
Frequency | Percent | Valid Percent Percent
Walid th G0 449 2 4492 4492
Gth 62 50,8 50,8 100,0
Total 122 100,0 100,0
q3
Cumulative
Frequency Percent | “alid Percent Percent
Walid — Wrang 50 410 41,0 410
Correct 72 590 59,0 100,0
Total 122 100,0 1000
06
Cumulative
Frequency Percent | Walid Percent Percent
Yalid  Wrong 34 27,9 27,8 27,8
Correct 28 721 721 100,0
Total 122 100,0 1000
qu
Cumulative
Frequency | Percent | Walid Percent Percent
Walid  Wrong 31 254 254 254
Correct 9 4.6 74,6 100,0
Total 122 100,0 1000
q13
Cumulative
Frequency Percent | Yalid Percent Percent
Walid  Wrong a7 30,3 30,3 303
Correct a5 69,7 69,7 100,0
Total 122 100,0 1000
q14
Cumulative
Frequency Percent | “alid Percent Percent
Walid — Wrang 30 24 6 24 6 246
Correct a2 7ad Ta4 100,0
Total 122 100,0 1000
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q17
Cumulative
Frequency | Percent | Walid Percent Percent
Walid  Wrong 24 18,7 18,7 19,7
Correct 493 20,3 20,3 100,0
Total 122 100,0 100,0
q18
Cumulative
Frequency Percent | Yalid Percent Percent
Walid  Wrong 27 22, 22, 22,
Correct a5 7. 778 100,0
Total 122 100,0 100,0
q20
Cumulative
Frequency Percent | “alid Percent Percent
Walid — Wrang 49 40,2 40,2 40,2
Correct 73 598 598 100,0
Total 122 100,0 100,0
q21
Cumulative
Frequency Percent | Walid Percent Percent
Yalid  Wrong 13 148 14,8 14,8
Correct 104 852 852 100,0
Total 22 100,0 100,0
q22
Cumulative
Frequency | Percent | Walid Percent Percent
Walid  Wrong a0 738 738 738
Correct 3z 26,2 26,2 100,0
Total 122 100,0 100,0
q27
Cumulative
Frequency Percent | Yalid Percent Percent
Walid  Wrong 27 22, 22, 22,
Correct a5 7. 778 100,0
Total 122 100,0 100,0
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Descriptive statistics for Junior High School Students

Grade
Cumulative
Freguency Percent | Walid Percent Percent
Walid 2nd 58 a0,0 50,0 50,0
ard a8 a0,0 500 100,0
Total 116 100,0 1000
q1
Cumulative
Freguency Percent | Valid Percent Percent
Walid  Wrong 58 a0,0 50,0 50,0
Correct A8 0,0 0,0 100,0
Total 116 100,0 100,0
q3
Cumulative
Frequency Percent | Walid Percent Percent
Walid  Wrong 449 2,2 22 22
Correct a7 A7 8 57,8 100,0
Total 116 100,0 100,0
q4
Cumulative
Frequency Percent | Walid Percent Percent
Walid  Wrong 78 67,2 67,2 67,2
Correct 38 2B 328 100,0
Total 116 100,0 100,0
q6
Cumulative
Frequency Percent | Walid Percent Percent
Walid  Wrong 13 11,2 11,2 11,2
Correct 103 888 88,8 100,0
Total 116 100,0 100,0
q7
Cumulative
Frequency Percent | Walid Percent Percent
Walid — Wrong 41 383 353 353
Correct T7h 647 64,7 100,0
Total 116 100,0 100,0
q8
Cumulative
Frequency Percent | Walid Percent Percent
“alid  Wrong a7 4491 4491 491
Correct A9 a048 50,9 100,0
Total 116 100,0 100,0
q11
Cumulative
Frequency Percent | Walid Percent Percent
“alid  Wrong 25 216 21,6 21,6
Correct a1 T84 784 100,0
Total 116 100,0 100,0

Kapsalas loannis
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qi2
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 3B 328 328 328
Correct T8 67,2 67,2 100,0
Total 116 100,0 100,0
qi4
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 20 17,2 17,2 17,2
Correct af 828 828 100,0
Total 116 100,0 100,0
q15
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong G0 51,7 81,7 51,7
Correct a6 48,3 483 100,0
Total 116 100,0 100,0
q16
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong a6 741 741 741
Correct 30 2549 2549 100,0
Total 116 100,0 100,0
q20
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 74 63,8 63,8 63,8
Correct 42 36,2 362 100,0
Total 116 100,0 100,0
q23
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 62 53,4 53,4 53,4
Correct 54 46,8 46 6 100,0
Total 116 100,0 100,0
q24
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 90 776 776 776
Correct 28 22, 22, 100,0
Total 116 100,0 100,0
q26
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 40 345 345 345
Correct Th 65,5 65 5 100,0
Total 116 100,0 100,0
q28
Cumulative
Frequency | Percent | Valid Percent Fercent
Yalid  Wrong 70 60,3 60,3 60,3
Correct 46 387 3487 100,0
Total 116 100,0 100,0
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Descriptive statistics for Primary School Education Students

Year of studies
Cumulative
Frequency | Percent | Walid Percent Percent
Walid 1st 14 4.0 9.0 8.0
2nd 4 265 26,5 355
3rd A9 e 381 735
4th 32 206 20,6 94,2
Ath + 9 58 58 100,0
Total 155 1000 100,0
q1
Cumulative
Frequency | Percent | Walid Percent Percent
YWalid ~ Wrong a4 kL) 355 355
Correct 100 64,5 64,5 1000
Total 155 100,0 100,0
q2
Cumulative
Frequency | FPercent | Walid Percent Percent
Yalid  Wrong &0 w|y 387 387
Correct 95 61,3 61,3 1000
Total 155 100,0 100,0
q3
Cumulative
Frequency | Percent | Walid Percent Percent
YWalid ~ Wrong 16 10,3 10,3 10,3
Correct 134 897 gay 100,0
Total 155 100,0 1000
q4
Cumulative
Frequency | Fercent | WValid Percent Percent
Yalid  Wrong 26 16,8 16,8 16,8
Correct 129 83,2 832 100,0
Total 155 100,0 100,0
q7
Cumulative
Frequency | Percent | Walid Percent Percent
YWalid  Wrong 17 11,0 11,0 11,0
Correct 138 89.0 9.0 100,0
Total 155 100,0 100,0
q8
Cumulative
Frequency | Fercent | Walid Percent Fercent
Yalid — Wrong 35 22, 22, 22,
Correct 120 T4 774 1000
Total 158 100,0 100,0
q9
Cumulative
Frequency | Percent | “alid Percent Fercent
YWalid  Wrong 24 15,5 1556 185
Correct 131 845 a4.5 1000
Total 155 100,0 100,0
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qi
Cumulative
Freguency | Percent | Valid Percent Percent
Valid  Wrong 28 181 181 181
Correct 127 819 81,9 100,0
Total 155 100,0 100,0
q12
Cumulative
Freguency | Percent | Valid Percent Percent
Valid ~ Wrang 43 277 27,7 2T
Correct 112 723 72,3 100,0
Total 155 100,0 100,0
q16
Cumulative
Frequency | Percent | “alid Percent Percent
Valid ~ Wrong 78 503 50,3 50,3
Correct 77 497 497 1000
Total 155 100,0 100,0
q17
Cumulative
Frequency | Percent | Valid Percent Percent
Valid ~ Wrong 48 3.0 31,0 N0
Caorrect 107 69,0 69,0 100,0
Total 155 100,0 100,0
q18
Cumulative
Freguency | Percent | Valid Percent Percent
Valid ~ Wrong 27 174 17,4 174
Correct 128 826 82,6 100,0
Total 155 100,0 100,0
q21
Cumulative
Frequency | Percent | Walid Percent Percent
Valid ~ Wrong 28 181 181 181
Correct 127 819 81,9 100,0
Total 155 100,0 100,0
q24
Cumulative
Frequency | Percent | Walid Percent Percent
Valid ~ Wrong 69 44 5 445 445
Correct 26 5545 55,5 1000
Total 155 100,0 100,0
q25
Cumulative
Freguency | Percent | Valid Percent Percent
Valid  Wrong 124 80,0 80,0 80,0
Correct K} 20,0 20,0 1000
Total 155 100,0 100,0
q26
Cumulative
Frequency | Percent | Valid Percent Percent
Valid ~ Wrang 67 432 432 432
Correct a8 56,8 56,8 1000
Total 155 100,0 100,0
q28
Cumulative
Frequency | Percent | “alid Percent Percent
Valid ~ Wrong 86 5546 55,58 555
Correct 69 445 145 1000
Total 155 100,0 100,0
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Descriptive statistics for Teachers

School Education Level
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Cumulative
Frequency | Percent | Walid Percent Percent
Walid Frimary 73 76,0 6.0 76,0
Secondary 23 240 24,0 100,0
Total 96 100,0 1000
q1
Cumulative
Frequency Percent | Yalid Percent Percent
Walid  Wrang 22 22, 22, 22,
Correct 74 77 77 100,0
Total 96 100,0 1000
q2
Cumulative
Frequency Percent | “alid Percent Percent
Yalid — Wrong 27 28,1 28,1 281
Correct G4 71,9 71,8 100,0
Total 96 100,0 1000
q4
Cumulative
Fregquency Percent | Yalid Percent Parcent
Walid  Wrang g 9.4 9.4 94
Correct a7 906 906 100,0
Total 96 100,0 1000
a5
Cumulative
Frequency Percent | Walid Percent Percent
YValid  Wrong 24 250 250 250
Correct 72 7o Ta.0 100,0
Total a6 100,0 100,0
qr
Cumulative
Fregquency Percent | Yalid Percent Percent
Walid  Wrong 4 9.4 9.4 9.4
Correct a7 0.6 90,6 100,0
Total 96 100,0 1000
08
Cumulative
Frequency Percent | Walid Percent Percent
Walid — Wrong 35 36,5 36,5 36,5
Correct 61 635 635 100,0
Total a6 100,0 1000
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q9
Cumulative
Frequency | Percent | Walid Percent Percent
Yalid  Wrong 25 26,0 26,0 26,0
Correct 71 74,0 74,0 100,0
Total a6 100,0 100,0
qii
Cumulative
Fregquency Percent | Valid Percent Percent
Valid  Wrong 19 18,8 19,8 19,8
Correct 77 a0,2 a0,2 100,0
Total a6 100,0 100,0
q12
Cumulative
Frequency Percent | Walid Percent Percent
Valid  Wrong 7 7.3 7.3 73
Correct 29 Q27 92,7 100,0
Total a6 100,0 100,0
q15
Cumulative
Frequency Percent | Walid Percent Percent
Valid  Wrong 11 11,5 11,5 11,5
Correct 85 88,5 a8,5 100,0
Total a6 100,0 100,0
q16
Cumulative
Frequency | Percent | Walid Percent Percent
Yalid  Wrong 34 354 35,4 35,4
Correct G2 G646 64,6 100,0
Total a6 100,0 100,0
q17
Cumulative
Fregquency Percent | Valid Percent Percent
Valid  Wrong 14 14,6 14,6 14,6
Correct a2 a5.4 85,4 100,0
Total a6 100,0 100,0
q18
Cumulative
Frequency Percent | Walid Percent Percent
Valid  Wrong 14 146 14,6 14,6
Correct a2 a54 a6.4 100,0
Total a6 100,0 100,0
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q19
Cumulative
Frequency | Percent | Walid Percent Percent
Walid  Wrong GG 63,8 63,8 63,8
Correct 30 M3 3,3 100,0
Total 96 100,0 100,0
q20
Cumulative
Frequency Percent | Yalid Percent Percent
Walid  Wrong 38 38,6 38,6 396
Correct 58 60,4 60,4 100,0
Total 96 100,0 100,0
q23
Cumulative
Frequency Percent | “alid Percent Percent
Walid — Wrang 24 250 250 250
Correct 72 7a0 Ta.0 100,0
Total 96 100,0 100,0
q24
Cumulative
Frequency Percent | Walid Percent Percent
Yalid  Wrong 22 22, 22, 22,
Correct 74 77 77 100,0
Total 96 100,0 100,0
q25
Cumulative
Frequency | Percent | Walid Percent Percent
Walid  Wrong a8 a7.3 a7.3 7,3
Correct 4 427 427 100,0
Total 96 100,0 100,0
26
Cumulative
Frequency Percent | Yalid Percent Percent
Walid  Wrong 30 3.3 31,3 3,3
Correct ili 63,8 63,8 100,0
Total 96 100,0 100,0
028
Cumulative
Frequency Percent | “alid Percent Percent
Walid — Wrang 34 354 354 354
Correct G2 646 G646 100,0
Total 96 100,0 100,0




