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ABSTRACT: Nowadays, rapid changes in science and technotaggase the demand of qualified individuals whoehsigns

of disciplined mind which is highlighted in Howafglardner's five minds as one type of mind. So, iimportant to measure
whether individuals have disciplined mind or notsa on this idea, it is aimed to evaluate the ldiig of rubric used in
determining the seventh grade students’ levelsisdiglined mind in terms of generalizability theoiry this research. It is
possible in the Generalizability theory to calcelagliability both for the relative decisions (Geéficient) and the absolute
decisions ¢ coefficient). The G and th@ coefficients calculated with six tasks and thragens in this research were found as
.86 and .79, respectively. In the generalizabgiydy, attempts are made to predict the situatidreye the error can be reduced
to the minimum for specific purposes through theislen study. According to decision study restittsyas found that increasing
the number of raters would not bring any benefitshie similar studies to be performed in the futamed it would not be a
practical way in cases where it is difficult todicompetent raters.
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OGRENCILERIN DiSiPLINLi ZiHIN OZELL iKLER iNi BELIRLEMEDE KULLANILAN DERECEL i
PUANLAMA ANAHTARININ GENELLENEB iLIiRLiK KURAMI ACISINDAN DE GERLENDIRILMESI

OZET: Gunumizde, bilim ve teknolojideki hizli gigim Howard Gardner'in Bezihin alanindan birisi olarak vurguldgl
disiplinli zihne sahip nitelikteki insana olan Wuici arttirmaktadir. Bu nedenle bireylerin disiglimhne sahip olup olmagini
belirlemek 6nemlidir. Bu hdamda, bu ardirmada yedinci sinif grencilerinin disiplinli zihin 6zelliklerini belirlenek icin
kullanilan dereceli puanlama anahtari glvegiiin Genellenebilirlik Kurami ile kestirilmesi amagmstir. Genellenebilirlik
kurami ile goreli kararlar (G katsayisi) ve mutlacarlar (0 katsayisi) igin givenirlik katsayisinin hesaplasmmaimkiin olup;
bu ¢algmada elde edilen puanlarin G @ekatsayisi, alti gérev ve ¢ puanlayici igin syiasi86 ve .79 olarak bulunrgtur.
Genellenebilirlik kuraminda ayrica, karar (K) saialar yoluyla dgiskenlik kaynaklarinin sayisinin gigmesi durumunda
guvenirligin tahmin edilmesi de mimkin olmaktadir. Busarenadaki karar ¢ajmasi sonuglari, gelecekte yapilacak benzer
nitelikteki calsmalarda, puanlayici sayisini arttirmanin puanigiivenirligini arttirmaya katki sglamayacgini gostermektedir.
Nitelikli puanlayici bulmanin kolay olmagl durumlarda, puanlayici sayisini arttirmanin uggoia agisindan da pratik
olmayacg! distinuldigiinde; daha fazla puanlayici ile benzersgaéilar yapiimasinin dnerilemeygtsonucuna variintir.

Key words: disiplinli zihin, gtivenirlik, genellenebilirlik kuami, dereceli puanlama anahtari
1. Literature review

Rapid advances have been occurring today in sciendeechnology. Improvements such as laser surgeng therapy, and
fiber internet are the indicators of the rapid athes in science and technology. It is believed shince and technology course
is important in raising people who can keep up vdtlth developments in science and technology, genemd transfer
knowledge into technology, and thus can bring thentry’s level of development to higher points; &ese it is believed that the
development level of a country having individualecessful in the field of science studies will résed reach the achievement
level of first world countries easily. In raisingdividuals to contribute to their country’s devatognt, raising individuals with
disciplined mind, which is highlighted in Howard i@aer’s (2006) five minds as one type of mind.

1.1. Disciplined mind

The disciplined mind comprises employing the wafghinking associated with major scholarly disai@s (history, math,
science, etc.) and major professions (law, medicinanagement, etc.); capable of applying onesdilfeditly, improving
steadily, and continuing beyond formal educatidns kthought to be important since individuals wathdisciplined mind make
efforts to learn in depth the discipline on whibley are working, enjoy learning new things on tiseigline, and can look at the
discipline from a number of perspectives (Gard28Q6). On analyzing the properties of disciplineiddanit may be said that
they are the properties that successful scientistsess. Therefore, developing those propertibglisved to be important in
raising scientists who will make original discoesriand will thus contribute to their country. Inder to develop those
properties, firstly, it is useful to see at whatdethe students display those properties in seidesson. Gardner (2006) points
out that those properties develop in adolesceneacél a measurement tool was developed in thianasso as to exhibit the
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level at which those properties develop thgfaders. In developing this tool, Chun’s (2010) li€giate Learning Assessment in
the Classroom” (CLA), a measurement tool for “thesassient of what is learnt at University”, was tasra model.

1.2. Collegiate learning assessment in the classm@CLA)

Students are presented scenarios from real lifiesdrCLA. At the same time, students can also bengiokes so that they can feel
that they are within the scenarios (for instancstualent of journalism is asked to write an artfdlea magazine, or a biology
student is asked to give advice to a relative suiflefrom cancer). The scenarios given to the sitglmvolve a challenging task
from real life which does not have correct oramect answers, which is complex, for which theutioh is not clear, and for
which the knowledge is incomplete. Also in CLA,istexpected that students use critical thinkingalyit reasoning and
problem-solving skills in facing the situations ggated. In addition to this, it is also examineckethler the students focus on
analyzing, synthesizing and using the evidencelémision-making and for making judgments. Briefly,ACassesses this set of
skills through the use of performance task. SiryiJan this research, students were asked to \art@rticle to demonstrate the
positive and negative aspects of building nucleargy plants by using 4 different reports. The fakthe 4 reports emphasized
the positive sides of nuclear power plants, while $econd stressed the negative sides, the thiladied a table showing that
those power plants generated more energy than gthes of power plants, and the fourth presentedp showing the regional
distribution of nuclear power plants in the worldhun (2010) referred to those scenarios as taskseShe Ministry of
Education preferred the term performance task dich sactivities, the term performance task was usetlis research for the
article that the students were supposed to writeul#ic was designed so as to evaluate the adicidents were expected to
write as the performance task by using disciplim#ad. So the scores of students can be calculatédhe help of this rubric.

1.3. Reliability of scores

The reliability of the scores obtained from all ma@@ment tools, and hence the reliability of therss obtained from
observations in this research is one of the mopbitant issues, which needs attention (Goodwin &d¥an, 1991). Besides,
since scoring by observation is a subjective pmct® reliability of the scores is additionallygortant. For this reason, it is
assured that mostly more than one rater give s@ird®e same time, as in this research, to maletbat the scores assigned to
each student by observing their behaviors are mwiojective and more reliable.

On examining the research studies making evaluatiased on measuring the performance, it was fthatdnethods such as
concordance indices for classical test theory (CTP@arson’s correlations coefficient, t tests, oriarae analyses were
employed in calculating the inter-raters reliapiliGoodwin, 2001; Guler & Gelbal, 2010; Yelgo&Tawancil, 2010).

In statistical methods used in determining thealglity based on CTT, each source of error suclhasreasurement tool in the
measurement process, raters, time in repetitivesanements, etc. can be considered separately; rahiability value can be
calculated for each (Giiler, Uyanik and Teker, 201&l; Smith & Suen, 2007; Shavelson and Web, 200%)brief, it is
impossible in CTT to consider all the sources obretogether and to derive one single reliabiliteffizient simultaneously
(Baykul, 2000; Guler, 2011). Generalizability (Ggtiy, on the other hand, enables one to calcutisbility by considering all
sources of error together and simultaneously (Cramb&leser, Nanda & Rajaratman, 1972; Lucas, Brianei & Arnetz,
2010). In addition to that G Theory, unlike CTT, raakt possible to predict not only the effect oE@ource of error, but also
the effects of the interaction of those sourcesradr, to calculate the reliability both for relatiand absolute decisions, and to
form scenarios in which the desired reliability mzeyattained through different decision (D) studi®éler, 2011; Shavelson &
Webb, 1991; Yin & Shavelson, 2008).

1.4. Generalizability theory

The Generalizability (G) Theory has been develomimge 1963 and has been implemented in sevetdkfiespecially in
measuring the performance tasks. One of the mgsbriant reasons for the G theory to be more preferthan CTT in
performance measurements is that it is assumedh&aheasurement tools in the G theory can be tnamhg parallel” whereas
in the CTT it is assumed that the measurement toedsl to be “strictly” parallel (Hsu, 2012). In atitoh to that, the G theory
removes the difference between reliability anddigtiwhich is available in the CTT in performanceasgrements; and thus
makes it possible to determine how the sampledrsthdy representing the population can be gemethln a valid way into all
the probable measurement situations (Allal & Cangin®97; Guler, 2011; Volpe, McConaughy & Hintze 02D G theory
enables one to generalize the measurement re$atgroup of individuals —and even of only one uidiial- into much beyond
the number of items, raters or situations througkckvthe results are obtained (Brennan, 1992; Skaned. Webb, 1991).

In the G theory, the whole of acceptable measuré&nehnere the entire probable circumstances of hten and the sources of
variation beyond the measurement of a performaiask, etc. available in the measurement procesallsd theuniverse. Each
source of variation such as the items (tasks), orea®ent tools, raters, or different measuremeniasdns available in the
measurement process in the G theory is callefdcet. Facet can be interpreted as “the measuremerdtisitis having
similarities”. Each level on the facets is refertedas acondition. For instance, in the process of a 20-item mutipkt given to
students, items constitute a facet, and each gerné condition of the facet (Giiler, Uyanik & Tek&d12). Each facet can have
infinite size. The source revealing the variabilidl concern (individuals, students, etc) is caltbd object of measurement
constituting the real, systematic variability, eththan being called the source of variation (Keff1998; Musquash &
O’Connor, 2006). Yet, the object of measurement dmtsalways have to be composed of individuals; iterds and situations
can also be the object of measurement in conforwiitty the nature of the study (Brennan, 1992; Lalgt2007). Whereas the
value of variance for the object of measuremedesired to be high, the value of variance for esmirce of variation is desired
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to be as low as possible (Alharby, 2006). The ayerahich can be obtained from all the probable oreasent situations of the
object of measurement is called the universe sddre.universe score reflects the real change tieatesearcher is interested in,
and it is interpreted in a similar way to the readre variance in the CTT (Guler, Uyanik & Tekerl2Kieffer, 1998).

As different from CTT, two separate variances obemire available in the G theory. Thus, it is polssito calculate the
reliability coefficient for the absolute decisiomdiich are not available in CTT in addition to thengrlizability coefficient
which is found for relative decisions. Thyeneralizability (G) coefficient predicted for the relative decisions is derived by
considering the place in the ordering of other stusl scores rather than considering how high #ive score of each students’
object of measurement is (as can be remembered irfoat is stated above, the object of measuremess dot need to be
students or individuals). This coefficient is siamito the reliability coefficient in CTT. The depetulity-phi (¢) coefficient
predicted for absolute decisions is, however, aenstrict value and exhibits both the degree of isterscy of ordering of scores
for students and the degree of consistency ofdtescores. The G coefficient may be preferred ifiopmance measurements
where a score above a certain cutoff score is itapbffor instance in driving tests, expertise exations, etc). In cases where
the place of score obtained in the ordering of e€ds important, using thi coefficient would be appropriate (Lee & Frisbie,
1999; Brennan, 1992). Both the generalizability (@fticient and the phid) coefficient receive values between 0 and 1. $he
coefficient has a more strict value than the G ficeht. The G coefficient obtained in one-facetlyfucrossed designs is
interpreted in a similar way to the Cronbagh coefficient in CTT (Musquash & O’Connor, 2006; Suseks, Reeve &
Bradshaw, 2005).

The facets can be handled in a random or fix walgether a facet is to be handled random or in aviy completely depends
on the researcher’s decision. If the conditionthnstudy are only a small sample of a much langérerse, or if it is possible
to replace the conditions with other probable cton$ on that facet, that facet is describedamsiom (Gler, uyanik & Teker,
2012). For example, if the tasks available in theasurement of a performance are replaceable whttr grobable tasks to be
available in a measurement to be made in the seahdg the tasks in the study are considered asormn&tudies depending on
facets with random situations enable the researtherake generalizations into the universe whelr¢hal conditions for that
facet are available. On the other hand, if theaneter is concerned only with certain conditiongat®ling on the facet included
in the study, and if he or she does not aim to ggize into other conditions, the facet consideirethis way is described as
“fixed” (Crocker & Algina, 1986). A fixed facet can appéartwo ways: 1. the number of conditions in a gtislcomposed of
the conditions chosen by the researcher in lind Wis/her purpose, and the researcher does nottwisfake generalizations
above those conditions. 2. The number of conditionthe study is very small and all of them areilatée in the process of
measurement. If there is one or more fixed fagess study, the variance of error will decrease;civhiill lead to an increase in
dependability. However, this case will restrict teneralizability of the results (Giler, Uyanik &Ker, 2012; Brennan, 2011,
Kieffer, 1998). The models of measurement havinigast one fixed facet are called mixed models.tAaopoint of importance
here is that the G theory is a theory of measurénvlich is based on random facets. Hence, this igéres that at least one
facet should be random; and it is not possiblafoiacets to be fixed (Guler, Uyanik & Teker, 2012

The studies in the G theory can be described asedoor nested designs. If all the conditions fafcat in a study are available
in all conditions of the other source of variati@uch a research design is called asossed design. If, for instance, all the
students in a classroom (s) answer all the itejnm (& test and if the items are scored by the seatexs (r), this design is
referred to as erossed design (and sometimes as a fully crossed design). Cradssidns are represented by the symbol “x”. The
representation of the crossed design in the exaispfs x i x r”. If, however, one condition of a facet is aval&@lin only one
condition of the other and if it is not availablethe others, this is said to benested design. For example, if each student is
asked different questions (q) in an interview anelich answer of each student (s) is scored bgrdift raters (r), it means that
fully nested design is used in this study. The representation offthly nested design in the example is §: r”. In some
studies, both the crossed and the nested desigaatsed together and such designs are caégtéd designs (Brennan, 1992;
Shavelson & Web, 1991). Although the G theory canubed in all of the designs mentioned here, tleeoficrossed (fully
crossed) designs when possible in order to betabteake predictions for all facets provides an atiage in the G theory studies
(Kieffer, 1998).

There are two kinds of studies of researching tyeeddability in the G theory: 1. Generalizabili@) (study, and 2. Decision (D)
study. TheG study makes it possible to make predictions for allgbarces of variation simultaneously and throughAN©VA
method (Giiler, 2009). By using the results obtainech the G study, attempts are made to predicsituations where the error
can be reduced to the minimum for specific purpasése D study. The results obtained from Ehetudy help the researcher to
make predictions about what conclusions he/sherearh on changing the number of items, raters éseérgations (Volpe et
al., 2009). In a sense, the D study can be intergreimilarly to the purpose of using the Spearmaown formula in CTT
(Musquash & O’Connor, 2006). With Spearman Brown falanit is possible to predict the reliability acdimg to the change in
the number of items in the tool of measurementh&nD study, however, the prediction is not restdconly to the number of
items, and it enables one to predict the valuesivable by reliability; generalizability and theipoefficient simultaneously in
one single study in case of differentiation of teaditions of all facets. Thus, tiestudies help to predict the most effective and
economical measurement situations for reliabilityg & Fitzpatrick, 2003).

Research studies measuring students’ skills of sglmathematical problems, scoring their readingtivg and musical skills,
and researching the dependability of measurememntseobtained from those performance tasks thrahghG theory are
available in literature of education (Baker, Abddin & Niemi, 1995; Giler & Gelbal, 2010; Lane, LiAnkenmann & Stone,
1996; Mercer, Dufrene, Martell, Harpole, MitchellBlaze, 2012). This study also analyses the relfglaf a measurement tool
developed for the measurement of students’ metaitteg behaviors in Science and Technology counsaugh the G theory.
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2. Materials and methods
2.1. Participants and application

The study group of the research was determinedigirdypical situation sampling, one of the purpesseampling methods. The
averages for high school placement test scorebeof/¢ar 2009 for the schools in the central distrad Ankara, which were
obtained from the Ministry of Education, formed thesis of typical sampling. The schools were omdieecording to the score
averages and the groups of 27% at the top ana dtattom were identified accordingly. Thus, a sdivdzch was in the middle
according to the achievement scores was determiheaice the study group was composed of 30 studénke seventh grade
coming from schools of medium level achievemerteims of high school placement test achievement.

2.2. Measurement tool

The rubric prepared to evaluate the students’lantias designed in six categories and accordirfiguolevels of achievement as
0, 1, 2, and 3 aiming to assess such criteriorsizg weports given to the students effectivelytéin)), understanding in depth the
reports (1 item), evaluating the reports objectivél item), establishing the cause-effect relatigps correctly while
constructing the article (1 item), making meaningfnnections between the sentences or the patag(ajgem) and including
differing explanations in the article (litem). Twaters scored the articles based on this rubric.

2.3. Analysis of the data

The analyses of the scores according to the G yhwas performed through the SPSS program develbgebllusquash &
O’Connor (2006) for the G theory, whereas the Crohbalpha coefficients- which are the reliability feach rater- were
obtained through the SPSS 16 package program aegdaodthe classical test theory.

3. Results and discussion

Firstly, the levels of fulfilling disciplined mindf 30 students (s) as the object of measuremerd s@ared according to six tasks
(t) by three raters (r). The three raters scoréthal tasks performed by all the students, andctbesed designs t x r) was
employed in the research. Thus, there are two Sadoethe research: tasks and raters. The resulthéovariance components
obtained through generalizability analysis accagdmthis design are shown in Table 1 below.

Table 1. Analysis of variance results and variazwraponent estimates for students, tasks, raterggardctions

Source of variance SS df MS Variance Component Percentage of Total Variance
Estimates Estimates
S 210.128 29 7.246 .348 .349
t 101.039 5 20.208 .210 211
r 1.544 2 a72 .000 .000
st 83.683 145 577 115 115
sr 37.011 58 .638 .068 .068
tr 9.233 10 .923 .023 .023
str,e 67.544 290 .233 .233 234
100%

In Table 1, both key elements of ANOVA table and tariance component estimates are observed. Bedaubeory focuses
on the size of the variance component estimates,nah the statistical significance of the facetstmir interactions, Table 1
does not include the significant test results (Gaad% Goodwin, 1991). Also, there are the perceetagf the each variance
component to the total variance in the last colwithe table. The first three estimates in thaticoi are for the main effects of
students, tasks and raters. While students (obfeteasurement) account for the largest percerdhties variance (34.9%), the
main effect of the task accounts for 21.1% of titaltvariance and the main effect of the rater de®saccount for any variance
(0.00%). These results exhibit the desired idesé éa measurement. It is desired that the variaterming from the object of
measurement is high and the values for the otharces of variance are low as possible (Brennan, ;18B3velson & Web,
1991). This case shows that the variability in meament results is not dependent on the raterseotaisks. There was perfect
consistency between the raters in this measurepracess. On the other hand, it can be seen thawayointeractions of
student-by-task and task-by-rater account for 11a6%6.8% of the total variance, respectively. tAs seen clearly, the value of
11.5% demonstrates that each task’s level of difficis the level of differentiation from studeit $student. This is inevitable in
cases where the probability of differences thatstam from students’ earlier experiences and d#gus high. The fact that the
6.8% of the total variance stems from the studatdrrinteraction demonstrates that the raters'isgatid not differ much from
student to student. As another interaction, taskabgr yielded second smallest variance componstitnates. This also
indicates that the raters’ scoring did not aimdstrge from task to task. At last, the three wagrinttion, students-by-tasks-by-
raters, is also named as “residual’ or “error” lre tANOVA model used here. If the measurement resaié reliable in a
research, this value of residual is desired toshenaall as possible. According to Table 1, theettway interaction accounted for
23.4% of the total variance. According to the Gotiye this value of variance is desired to be aslisasapossible. This value
signals that the change in scores might have emefge to different sources of variation which weo¢ available in the study.
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Consequently, as is evident from Table 1, the rekearcan see how much of the total variance isahelt of the interaction of
which source or sources- which is an advantagkeo& theory (Guler, 2009).

The G coefficient, which is interpreted in a simileay to the reliability coefficient in classicast theory, is calculated in the G
theory. As is explained in the introduction, ifpigssible in the G theory to calculate reliabilitytt for the relative decisions (G
coefficient) and the absolute decisions (phi cadfit). The G and the phi coefficients calculatéthwix tasks and three raters
in this research were found as .86 and .79, respéctApart from that, the detailed calculationtbé G and the phi coefficients
using the values in Table 1 is shown in Table 2.

Table 2. Calculation of G coefficient

I. G coefficient for 6 tasks and 3 ratersgnn:3)
Ep? =

- 1 1 1
.348 +€.115 +§'068+E'233

.348

=403
=.86
Il. @ coefficient for 6 tasks and 3 raters§nn.:3)
~2
O—S
¢ —

1 1 1
A2 1 ~2 1 ~2 L A2
05 +nt6t +nrJ’ +nt05f+

1
nT

~2 1 ., 1 .,
62 +—6L+—26
ST ngn, T ngn, StT
.348

- 1 1 1 1 1 1
.3?:;8+g.21+§.O+g.115+§.068+ﬁ.023+ﬁ.233

T .439
=79

As is pointed out in the introduction part of thesearch, by using the results obtained in the @ystattempts are made to
predict the situations where the error can be redlioc the minimum for specific purposes throughbBhstudy in the G theory.
The values receivable by dependability- that isap, by the G and the phi coefficients- are predicn decreasing or increasing
the number of tasks and/or raters in the D stuthg Aumber of tasks included in the tool of measergrsed in this study is
clear. Yet, the extent to which dependability wilange on raising or reducing the number of ratasresearched in this study.
The results of the D study are shown in Table 3.

Table 3. G and phi coefficients of D studiesgh

1 rater 2 rater 3 rater* 4 rater 5 rater
G coefficient 74 .83 .86 .88 .89
@ coefficient .68 .76 .79 .81 .82

(*Number of raters in this study.)

As is apparent from Table 3, raising the numberatérs above two does not increase dependabilityevsignificantly.
Therefore, increasing the number of raters will lndtg any benefits to the similar studies to befgrened in the future; and it
would not be a practical way in cases where ifffcdlt to find competent raters.

The Cronbachn values calculated according to CTT for the scgjigen by each rater included in the research aedG
coefficient values calculated according to fullpssed design with one facstXt) in the same order according to the G theory
were found as .79, .89, and .91. Through the Dystilg fact that the G coefficient obtained witteaater was found as .74 can
be interpreted the lower bound of these values.

4, Conclusion

The present study aims to investigate the relighdf a measurement tool developed for the measememf students’ meta-
cognitive behaviors in Science and Technology athisough the G theory. As is clear from the resaftthis research, in cases
of measurement where several sources of variatimh $is tasks and raters are available, the G theavides detailed
information through one analysis. In this casedetiled information provided by means of G thesrgxamined, it can be
easily seen that the variance stemming from theablgjf measurement is high and the values for thersources of variance
are low as possible. This means that the majofityagability in measurement results is not depenidm the raters or the tasks.
It can be also figured out that raters’ scoring wid differ much from both student to student amel task to task. So it can be
implied that there was perfect consistency betwbematers in this measurement process.
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Also, the value of three way-interaction, studdats-raters, is another noteworthy informatioruesd by G theory. Because it
signals how much of the total variance by researshthe result of the interaction of which souaresources. It also explains
that the change in scores might have emerged ddiféoent sources of variation which were not #afale in the study. In this
research, it is considered that this value is iceptable level. So it is possible to say thatdhange in the scores caused by
different sources of variation which were not aaflé in the study.

Moreover, G theory provides information source dabGuand the phi coefficients in this research. Ehesefficients are
calculated by taking account all the sources dretwgether and simultaneously in order to predat only the effect of one
source of error, but also the effects of the intéoa of those sources of error. In this reseattodd,G andD coefficients confirms
that the rubric used in determining the seventdegstudents’ levels of disciplined mind is a rdkameasurement tool.

Taking all results obtained into consideration, l@dry would serve as an appropriate method of nhétérg reliability.
Therefore it can be used in cases where individumaaviors are observed and evaluated as educatidnpsychology
especially, it is common to include more than oaterin order for the observation results to beectje. This study also is
wished to help expand the application of G theaorthis kind of evaluation research.
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