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ABSTRACT

The purpose of the present study is to evaluate how gender, number of siblings, family income, amount of time spent
on homework, attitudes tovvaids chemistry, learning styles, and the college admission test scores effect chemistry related
achievement in a group of college sludents majoring in Science. A total of 331 univeisity students participated in the
study. The data wele collected by thiee questionnaires, a demographic questionnaire, the Chemistry Attitude Scale (CAS)
and Kolb's Leaining Siyle Inventoly (LSI). The results indicated that among the selected variables, gender, amount of
time spent on homework, attitudes and learning modes of the students were influential on achievement in two general
chemistry courses.

Keywords: Attitudes to chemistry, learning style, achievement in general chemistiy

OZET

Bu arastirmanin amaci, cinsiyet, kardes sayisl, ailenin geliri, ev 6devine ayrilan zaman, kimyaya yonelik tutumlar,
o6grenme stilleri, Universite giris puanlari gibi degiskenlerin genel kimya derslerindeki basariyi nasil etkilediklerini
incelemektir. Arastirmaya toplam 331 Gniversite 6grencisi katilmistir. Bilgiler ti¢ ayri anket kullanilarak toplanmistir.
Bunlar Ogrenci Anketi, Kimyaya Yonelik Tutum Olcegi ve Kolb Ogrenme Stilleri envanteridir. Sonuclar segilen de-
giskenler arasindan cinsiyet, ev 6devine ayrilan zaman, tutumlar ve égrenme stillerinin genel kimya derslerindeki
basariyi etkiledigini gostermektedir.

Anahtar Kelimeler: Kimyaya yonelik tutum, 6grenme stilleri, genel kimya derslerindeki basari

It has been the concern of many iesearchers to explain ~ as measured by an inventory of Piaget's Developmental
the factors affecting the achievement level of students in  Tasks test, correlated with couise achievement in intro-
various subject areas. A special emphasis is given to Sci-  ductory chemistry classes. On the otlier hand, Gabel
ence as a subject matter since low achievement levels are  (1983) emphasised the importance of reducing the
generally repoited in this field by various projects across amount of teaching aids by condensing the material.
different countries (Martin et.al, 1997). Exploring the Having too many teaching aids often resulted in a super-
possible causes of low achievement became the concern  ficial treatment of topics, which could not promote stu-
of many research studies with the ultimate purpose of dent understanding in quantifying concepts. Crosby
enhancing students' learning in this field. Among the (1986) pointed out that a textbook with a great deal of
countless variables studied, some cognitive factors as  abstract material vvould deter a large percentage of high
well as the affective variables were used to explain pos-  school students from enrolling in chemistry and ben-
sible reasons for low achievement in Science. Within this ~ €fiting from an important discipline that could help them
flamevvork, some studies focused on specific subject 10 understand more about the natural and man made eil-
matters such as chemistry. For instance, the impact of ~ Vironment. Chandran, Tieagust, and Tobin (1987) re-
cognitive variables, mode of instructional techniques, ported that four cognitive factors namely, foimal rea-
and the materials used during the teaching and learning ~ soning ability, piior knowvledge, field dependence/
plocesses on the level of chemistry achievement weie independence, and memory capacity vvere ali influential
studied by various researchels. Among them, Jolinstone  in chemistry achievement. Friedel and Gabel (1990) in-
(1983) and Pilot, Roossink and Kramer-Pals (1980) re- dicated that students' spatial visualisation skills and pio-
ported that students experience difficulty with short-term ~ portional reasoning ability wvere ali important factors in
memory overload in dealing with chemistry topics and ~ determining chemistry achievement.
with solving mathematical chemistry problems. Bender In contrast, some other studies included demographic
and Milakofsky (1982) reported that perforinance in  variables and affective factors in explaining the achieve-
classification and propoitional reasoning problem areas, ment levels of the students. Hovvever, these studies lake
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the concepts and piinciples of Science as the dependent
valiable rather thai chemistry topics only. For instance,
Schibeci and Riley (1986) and Schibeci (1989) in-
vestigated the influence of a set of students' background
characteristics and perceptions on their Science attitudes
and achievements. Among the several vaiiables, home
environment was shovvn to have a substantial influence in
explaining Science achievement. On the other hand,
Schibeci (1989) emphasised the importance of the school-
specific influence of background variables on student
leaining in Science, variables that may differ from one
school environment to another.

Among the variables consideled, special emphasis
was given to attitudinal measurement and the impact of
attitudes on student achievement in various disciplines of
Science. For instance, the interrelationship betwveen
achievement in Science and mathematics and attitudes
loward those subjects, and the impacts of certain pro-
glams on students' attitudes in Science wvere extensively
studied by various reseaichers (Rothman, Wolberg,
Welch, 1968; Osborne, 1976; Weaver, Honushell, Colbe,
1979; Piper, Hough, 1979; Cavin, Cavill, Jogowski,
1981; Hassan, Shringley, 1984). In general, these studies
indicate that attitudinal changes are related to achieve-
ment in Science.

With increasing understaniding of humati learning,
learning styles have drawn special attention as one of the
important variables wvorth investigating at diffeient ed-
ucational tiacks. The term learning style refeis to the
motivation students choose, attend to, and perform well
in a course of training exercise (Canfield, 1988). Kolb
(1981, 1984) explains it as a style which is a fairly stable,
consistent way of learning acioss a variety of activities,
expeliences, and environmental demands. No matter how
it is defined, many studies about learning style support
the common agreement among researchers about the ex-
istence of this construct. Studies on learning styles ba-
sically focus on determining the type of learning styles of
various group of students. For instance, Matthews (1994)
studied the learning style characteristics of students in
various colleges and universities. It is repoited that stu-
dents majoring in mathematics and Science fell into the
applied categories more often than those students ma-
joring in humanities, social Sciences and education who
fell mainly into conceptual categories with respect to the
Canfield learning style model. Matthevwvs and Jones
(1994) also investigated the learning styles of prospective
teachers. The education students selected conceptual
styles of learning as their predominant styles. They also
investigated the differences between black and wvhite
students' learning style characteristics. The study also
repoited that within the majors there are sex and race
differences. The studies are basically descriptive in terms
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of determining the type of learning styles of students in
various disciplines. On the other hand, the relationship
between learning styles and academic success is quite
important for understanding the impact of this trait on
learning and curriculum development activities.

Even though the research studies summarised above
basically indicated that affective characteristics as well as
cognitive variables are important determiners of the suc-
cess in Science, the impact of affective variables on stu-
dent achievement has not been clearly explored, es-
pecially in specific bianches of science such as
chemistry. Studies are thus needed in different cultuial
settings and school environments, to investigate the im-
pacts of different backgrounds and affective variables on
studentslachievement in chemistry. In the present study,
within the framevvork of linear structural modelling, the
achievements of students in two consecutive chemistry
couises were evaluated in order to ansvver the question of
how attitudes and some other student-related variables
such as gender, number of siblings, family income,
amount of time spent on homevvork, learning styles, and
the college entiance admission test scores effect chem-
istry-1 elated achievement, of college students majoring in
science. The variables, which are presumably influential
on achievement, wvere chosen in such a way as to repie-
sent the socioeconomic status, such as family income and
number of siblings, the study habits such as amount of
time spent on home work, and the learning styles of the
students; also some background cognitive characteristics
such as college eitrance examination scores. it is ex-
pected that the findings of this study will have a sig-
nificant impact on curriculum design in general chem-
istry courses at university level and shed some light on
the factors affecting general chemistry achievement
among college students.

METHOD
Subjects

In the study, 331 college students filled out three
questionnailes in the Middle East Technical University
(METU) during the Fail semester, 1995. They wwere ali
enrolled in general chemistry classes. Science major stu-
dents from the Faculty of education and Faculty of Arts
and Sciences participated in the study. Even though they
have different curricula and are in different programs, ali
of the students who participated to the study took two
general chemistry courses which were compulsoly for ali
science majors in METU.

General Chemistry Courses

The first course, General Chemistry I, focuses on
Atomic Structures, Chemical Bonding, Molecular Ge-



ometry, Chemical Equations and Quantitative Equations.
The second course, General Chemistry Il is velated to
Gasses, Liquids and Solids, and Solutions and Electro-
chemistry. The content of the fiist course is more abstract
and theoretical in terms of the nature and structure of the
concepts and principles taught. General Chemistry 1l is
more expelimental and the concepts and principles taught
are more conclete when compared to the fiist course.
Even though different instiuctors teach these courses, the
textbooks, hand-out materials, syllabus used and ali the
laborator y activities and examinations are the same for ali
sections. A general chemistry examination prepared by
a group of instiuctors teaching in the parallel sessions is
administeled to ali the sections at the same time. The ba-
sic rnode of instruction in both courses is lectuling. Be-
sides the lectures, students are supposed to attend la-
boratory sessions for a set of experiments. In the
laboratory, ali students from different sections use the
same syllabus and instructions and are guided by la-
boratory assistants.

Questionnaire

Thiee questioniiaires wele used in the study. In the
first questionnaire, students answered questions about
their gender, family income, number of siblings, and time
spent on homewvork. The scores of college admission
tests were also collected here. The second questionnaire
consisted of a 24 likert type item Chemistry Attitude
Scale (Berberoglu, 1990). This scale was designed in
such a way as to include attitudinal statements sampling
out various aspects of the chemistiy-related opinions and
feelings of the university students. The Leaming Style
Inventory (LSI) developed by Kolb (1985) was used as
the thiid questionnaire. The first two questionnaires were
administercd in Tuikish, but the Leaming Style Inventoly
was administered in English, because translating the
scale from English into Tuikish might have jeopardised
the validity of the original version. Thus, the 1esearchers
pieferred to use the original English version of the scale
ratlier than translating it into the Tuikish language, since
the students at METU can be regarded as bilinguals. It is
assumed tliat administeling the LSI scale in English has
no. or only a negligible, effect on the validity of the data
collected.

The Learning Style Inventory (LSI) evaluates how
one learns and deals with ideas and day-to-day situations
(LSI Manual, p.2). Kolb's Expeliential Leaming Theoly
piovides for the hypothesis that the successful leainer
integrates and utilises different niodes of learning (Kolb,
Rubin and Mclintyie, 1991). These are Conciete Ex-
perience (CE), Reflective Observation (RO), Abstract
Conceptualisation (AC), and Active Experimentation
(AE). The effective leanier paiticipates in new ex-
petiences (CE) and then 1eflects upon these experiences
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(RO) in order to develop theories (AC). The learner then
uses these theories to make decisions or solve problems
(AE) (Veres, Sims, & Locklear, 1991). In the learning
situation an average learner adopts a particular set of
learning abilities, and when confionted with a learning
task the learner faces a conflict betvween concrete ex-
periencing of events versus abstract conceptualisation,
and active experimentation versus reflective observation
(Kolb, 1981, p.290). In the piesent study, it is anticipated
that concrete experiencing versus abstract conceptual-
isation and active experimentation versus reflective ob-
servation influence chemistry-related achievement in
general chemistry courses.

Statistical Analysis

The principle component analysis was used in order
to understand in which way students perceive and ex-
perience the chemistry 1elated attitudes as sampled out by
the items of the attitude scale. In understanding the effect
of each selected variable on the achievement in general
chemistry courses, the Linear Structural Modeiling
(LISREL) procedure was used in testing the causal model
among the dilectly observed variables (Jéreskog & Sor-
bom, 1984). Within the framevvork of LISREL, the bi-
variate regression procedure was used in order to assess
the direct causal contribution of each observed variable to
anotlier variable in a non-experimental condition. The
casual relations betvveen the set of exogenous and en-
dogenous variables vvere tested by t-test in order to retain
the significant relations among the variables in the pro-
posed model.

The exogenous and erndogenous variables used in the
bivariate regression model are listed and explained be-
low:

Exogenous variables: Gender, number of siblings in
the family, family income, amount of time spent on
homevvork, first and second stage college admission test
scores and Learning Style Inventoly scores vvere used as
independent exogenous variables besides the sub-
dimensions of the Chemistry Attitude Scale as derived
thiough the principle component analysis in the research
sample. As explained in the 1esult section, four subscale
scores were derived in the Chemistry Attitude Scale, be-
ing enjoyment, negative feelings and anxiety in chem-
istry, perception of success in chemistry, and laboratory
work in chemistry.

The college admission test scores are also taken as
two important piedictor variables in the bivariate re-
gression model.

Another exogenous variable used is that of the scores
obtained on Kolb's Leaming Style Inventory. Kolb's
Leaming Style Inventory (LSI) gives four different sub-
scale scores for the four stages of learning modes as ex-



plained previously. Hovvever, in the path analytic model,
two subscale scores which weie delived from these four
scoles were used. The difference between AC and CE
indicates the learning style, which changes betvveen con-
crete and abstract modes. It sliows whether one learns
through concrete direct experiences or mole abstract
logical understandings of problems rather than relying on
feelings. On the other hand, the difference belween AE
and RO reflects whether one learns rnore with aclive
paiticipation and practical approaches or with patience,
objectivity, and jJudgment without taking aiy action. The
way an individual resolves the conflict in bet\veen these
extieniities determines his or her learning style. In the
bivariate 1egiession analysis used in the preseni study,
however, the differences between the scores mentioned
above aie used as predictor variables. In the data analysis,
the AC-CE difference is called the Colicrete-Abstract
Learning mode, and the AE-RO difference is called the
Active-Reflective Learning 1iode. As the AC-CE scoie
ilicreases, students prefer more abstract experiences,
rather than concrete. On the other hand, as AE-RD scoie
increases students prefer more active participation in the
learning expeliences.

Endogenous variables: The grades of the students in
General Chemistry | and General Chemistiy Il courses
were used as endogenous variables in the bivariate 1e-
gression analysis. As explained before, these grades aie
the students' GPA scores obtained in these two chemistry
courses. The tesis used in the general chemistry classes
ale general tests and administered throughout the differ-
ent sections.

The bivariate 1egression model as tested by LISREL
is a just identified model which computes the impact of
each exogenous variable on the endogenous variables.

RESULTS
Dimensions of the CAS

In the fiist step of the analyses, the Chemistry At-
titude Scale (CAS) was analysed in tenns of dimen-
sionality of the items by the Principle Component Anal-
ysis. Items in the Chemistry Attitude Scale were designed
in such a way as to measure attitudes towaids chemistry
in different dimensions. The Principal Component (PC)
method with Varimax rotation clearly indicates the four
dimensions of the CAS in the research sample. The four
factors explain 55 peicenl of the total variation. The ei-
genvalues of the thiee orthogonal dimensions are 16.57,
2.22, 1.96 and 1.33 respectively. The factor loadings ob-
tained in PC analysis with the Valimax orthogonal rotat-
ed Solutions are presented in Table 1 with the English
version of the attitudinal statemelits. The students in the
sample perceive the chemistry attitudes in four or-
thogonal dimensions. Wheii closely investigated, the four
orthogonal dimensions are items clustered in such a way
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thal the first dimensioll is enjoynrent, the second dimen-
sion is anxiety, the third dimension is academic self-
concept in chemistry, and finally the fourth dimension is
laboratory work. As may be seen in Table 1, the second
dimension, wvhich is identified as anxiety, includes items
that are generally contraindicative and those items are
also loaded on the first and third dimensions in some of
the cases. The Cronbach alpha reliability of the Chem-
istry Attitude Scale was found to be 0.92 in 24 items. The
reliabilities of the subscales were 0.93 for the enjoyment
subscale, 0.75 for the anxiety subscale, 0.68 for the ac-
ademic self-concept subscale, and 0.82 for the laboratory
work subscale. The dimensions derived wwvere scored
sepalately and treated as predictor variables in the bi-
variate regression analysis, besides the other predictor
variables such as gender, number of siblings, family in-
come, amount of time spent on homevvork, two subscale
scores of LSI, and college admission test scores.

Bivariate Regression Model

When the LISREL model is used wvithin the frame-
work of bivariate regression analysis, some of the var-
iables seem to be significant predictors of achievement in
general chemistry classes as seen in Figlre 1* For in-
stance gender, amount of time spent on homevvork, the

Figure 1** : The maximum likelihood estimates and t-
values obtained in the bivariate repression.

: The values in parantheses are the t-values
: Only the significant coefficients are indicated

anxiety subscale, and AC-CE scores predict the grades in
General Chemistry 1. On the other hand, amount of time
spent on homewvork, attitudes tovvard laboratory wvork,
anxiety, and AE-RO scolesh predict the grades in Gen-
eral Chemistry Il. It is also observed that grades in the
two chemistry courses are significantly ielated to each
other. The other relations tested by LISREL are not sig-
nificant at 0.05 level of significance.



Table 1. Items from the Chemistry Attitude Scale and Their Respective Factor Loadings

Factor 1 Factor 2 Factor 3 Factor 4
I like chemistry very much. .82 .23 17 .07
If I were asked to teach one high school Science course, | would .81 15 14 A1

chose chemistry.

Chemistry is a profession | would choose to work in. .76 .16 14 A1
| enjoy reading chemistry books. 7 .16 .04 .07
Chemistry is more interesting than other branches of Science. .74 13 .05 .06
I am happier in my chemistry courses than | am in other courses. .73 .02 .16 ik}
I would like to learn more about chemistry. .72 .06 21 21
I enjoy working on chemistry problems. .72 27 17 21
A caieer in chemistry would be enjoyable. .72 .16 .25 .22
My mind tends to wander in chemistry class. .03 .67 -.06 .02
I am more scared of chemistry courses than other courses. ki .58 .36 .09
"Chemistry" is a word that bothers me. .35 .54 .26 13
| do not regret spending time in chemistry. 42 .50 -.08 .06
| feel depressed when | woik in chemistry. .40 .48 44 .16
| feel anxious when attending chemistry classes. .20 A7 37 21
I am afiaid of chemistry courses. 19 .20 .76 .02
| have doubts about being successful in the chemistry field A1 .03 .69 .02
Chemistry is a difficult subject for me to learn. 12 .33 .63 .00
I do not undersland why people are afraid of chemistry. 42 14 .48 .07

I do not believe that content of chemistry courses is applicable to

daily life 17 -.06 .32 .20
| enjoy starting a new experiment in the chemistry laboratory. .25 A1 .04 .82
Laboratoly wolk is the most boring pait of leaining chemistry. .03 .10 .09 .78
| enjoy doing experiments in chemistry classes. 31 .02 .10 77
| prefer doing other things than working in the chemistry laboratory. .28 37 .06 .61
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DISCUSSION

The items clustered as a result of principle component
analysis in the Chemistry Attitude Scale indicate that
Science major students perceive chemistry related at-
titudes and opinions in four oithogonal dimensions such
as enjoyment, anxiety, academic self-concept, and la-
boratory work. Arnong the four dimensions extracted,
some of the items loaded in the anxiety subdimension are
also loaded in other dimensions. For instance 'l do not
legiet spending time in chemistry' and 'Chemistry is a
word that bothers me' are also loaded on the enjoyment
dimension. On the other hand, 'l feel depiessed when I
wolk in chemistry' is loaded on both enjoyment and ac-
ademic self-concept subdimensions. Two other items
such as 'l am more scared of chemistry couises than other
courses' and 'l feel anxious when attending chemistry
classes' are loaded on the academic self-concept sub-
dimension. Similarly, an iteni in the academic self-
concept subdimension, 'l do not understand why people
are afraid of chemistrylis loaded on the enjoyment sub-
dimension. When the contents of these items are closely
evaluated, it could be seen that the ideas imposed in the
statements are more or less related to the other extracted
factors in the PC solution. Even though the items are
clustered into different subdimensions, the anxiety di-
mension somehowvv reflects the opinions and feelings of
students related to enjoyment and academic self-concept
in chemistry. As was found in the bivariate regression
analysis, this particular subdimension is the most im-
portant piedictor vaiiable of achievement in general
chemistry courses. Considering overlapping item level
factor loadings acioss the subdiminsions, it can somehow
be claimed that besides the anxiety, enjoyment and ac-
ademic self-concept are also influenlial on achievement
in general chemistry courses.

Among the set of variables considered in the model,
very few are influential in determining the general
chemistry course grades of students. For instance, the
gender effect was observed only in General Chemistry I.
Males have slightly higher mean scores in General
Chemistry | than females. As was stated before, this
course includes concepts and principles, and is more ab-
stiact compared to General Chemistry II. In the saniple,
males are more abstiact leamers Ihan females, and this is re-
flected in the gender effect. This finding was also verified
by the significant effect found between abstiact concrete
learning mode scores and General Chemistry | grades. As
students' learning modes become more abstract as rneas-
ured by Kolb's LSI inventory, they become more suc-
cessful in General Chemistry I. This clearly implies that
the abstractness of the course content is reflected in the
teaching learning process and students who are more
concrete expeliential oliented are not as successful as

40

those who prefer more abstract learning expeliences. On
the other hand, active ieflective learning mode scores
predict the grades in General Chemistry Il. These results
are expected when the content of the chemistry classes is
taken into consideration. For instance, as was explained
before, General Chemistry Il is rather more experiential
in terms of content and laboratory wvork than General
Chemistry 1. Thus students who prefer more active
learning modes are more successful in General Chemistry
II. On the other hand, preference of the active mode has
nothing to do with the success in General Chemistry |
since here, as its content implies, students who prefer
more abstract learning experiences are more successful.
This clearly suggests the need for reorganising the
chemistry course contents in line with the learning modes
of the students as the findings of the study clearly suppoi t
the relationship betvveen the students' learning mode and
their academic success in different chemistry courses.

As expected, the amount of time spent on homevvork
piedicts grades in both courses. In terms of CAS subscale
scores, theie are some contradictory results obtained in
LISREL. Among the four subscale scores, only the anx-
iety dimension predicls the grades obtained in general
chemistry courses. As the anxiety level of the students
inerease, their scores inerease in both chemistry courses.
The positive coefficient betvveen this subdimension of
CAS and general chemistry course grades implies that the
students' anxiety level makes them study haid and spend
more time in getting satisfactory grades in both chemistry
courses. Even though these students are highly anxious
tovvards chemistry subjects and topics, they get higher
grades. Hovvever, as discussed before, the items of this
particular subdimension are also loaded on enjoyment
and academic sef-concept in chemistry. Considering this
fact, it can be argued that students' attitudes towvvards
chemistry are important variables in predieting success in
general chemistry courses. In terms of the predietion of
subscale scores, the 1iegative coefficient observed be-
tvveen the laboratory wvork subscale and General Chem-
istry Il course grades clearly indicates that this variable
funetions as a suppressor variable, since the ordinaly
corielation betvveen this subscale and General Chemistry
Il classes is almost zelo (Darlington, 1990). This variable
is vveighted negatively in the regression equation, which
means that the anxiety subdimension is a better piedictor
of success in the chemistry classes than the laboratory
work subdimension.

The socio economic measures, such as number of
siblings and family income are not important significant
predictors in this particular sample This mighl be the re-
sult of using university students as the subjects of the
study, since they are relatively more independent of their



families in terms of economic status and living standards
conipared to students at earlier educational levels.

The surprising result was the insignificant association
between the college admission test scores and the
achievement in general chemistry courses. This result
seems to invalidate the college admission tests scores in
a predictive sense, but it can be explained when the con-
tent of the college admission tests and the content of the
chemistry courses are taken into consideration. The con-
tent of the college admission tests is more heterogeneous,
in terms of the abilities and achievement domain being
assessed, than the tests used in the general chemistry
courses, which are piire measure of achievement of
chemistry concepts and principles in valious content ar-
eas. Moreover, in terms of the cognitive skills measured,
there might be differences between the course examina-
tions and the college admission tests. Course examina-
tions are apt to include questions which basically concern
the level of knovvledge and comprehension. College ad-
mission tests, on the other hand, include items in the
higher order thinking skills according to Bloom's tax-
onomy of educational objectives.

In summary, among the several variables, the amount
of time spent on homevvork, learning modes, and the
students' anxiety in chemistry are important variables in
predicting grades in general chemistry courses. These
lesults clearly support the findings and suggestions of
Schibeci and Riley (1986) in such a way that not only the
cognitive variables but also some affective characteristics
are important factors in influencing Science achievement.
An important finding of the present study is the re-
lationship bet>veen type of learning modes and the con-
tent of chemistry courses. This result might affect cul-
riculum designers' decisions in developing teaching
learning aids to enhance Science major students' success
in chemistry.

It is expected that the findings of this very fiist study
will initiate more comprehensive research studies in
chemistry education by including different variables
within the framework of a path analytic model.
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