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FACTORS INFLUENCING STUDENTS’ SUCCESS:
A GENERALIZED ESTIMATING EQUATIONS STUDY
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The goals of this study were to determine the factors influencing children’s success according
to Generalized Estimating Equations (GEE) through the Family Report Form (FRF;
constituted by the authors), Teacher’s Report Form (TRF; Achenbach, 1991b) and Child
Behavior Check List (CBCL; Achenbach & Edelbrock, 1983), and to form a new and actual
reference success form for Turkish children. The study sample included 4130 primary school
children in Eskisehir, Turkey. School success was measured as the total scores that students
achieved in the following classes: cultural, social, science, foreign language, computer,
picture, music and job-occupation. The TRF, CBCL and FRF forms consist of the sum of
subtests, which includes 9 factor scales, namely anxiety/depression, somatic complaints,
social withdrawal, delinquent behavior, social problems, thought problems, attention deficits,
aggressive behavior, and other. As the statistical analyses, GEE method, stepwise regression
analysis and missing value analyses were used. The items that had the greatest negative
effect on the students’ success were “has poor school work™ and “can’t concentrate or can’t
pay attention for long”. On the other hand, the item that had the greatest positive effect on
students’ success was “feels he/she has to be perfect”. It may be recommended that students,
their families, and teachers should be informed about factors influencing school success.
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The Child Behavior Checklist (CBCL) was originally an American behavioral
questionnaire, which has become widely known in recent years (Achenbach,
1991a; Achenbach & Edelbrock, 1983). It is one of the best-studied empirically
derived checklists available to measure psychopathology (Achenbach, Howell,
Quay, & Conners, 1991), with excellent psychometric properties and a large
body of research to demonstrate its reliability and validity in both clinical
and nonclinical populations (Achenbach, 1991a). The CBCL is well suited to
answer the question of whether children being identified by different assessment
methods share a common behavioral phenotype and what that phenotype may be
(Mick, Biederman, Pandina, & Faraone, 2003).

The development of the CBCL marked the beginning of the development of
a series of behavioral questionnaires, each meant for a different informant. This
has resulted in the construction of the Teacher’s Report Form (TRF; Achenbach,
1991b), and the Family Report Form (FRF), which was designed by the authors
like the Youth Self-Report (YSR) by Achenbach (1991c), and was modeled
on the CBCL. These questionnaires all have the same hierarchical structure in
order to evaluate problems related to children or students. By using the CBCL,
TREF, and FREF, observations on the problem behaviors of a specific child can be
obtained from different informants.

Many countries have formed their own norms to investigate psychosocial
problems connected with factors influencing children’s success at primary
education age (Achenbach, 1991a; Achenbach & Edelbrock, 1983; De Groot,
Koot, & Verhulst, 1994; Detrick, Greenbaum, Friedman, Wetherington, & Knoff,
1997; Mick et al., 2003). Since no common use norms have yet been developed
in Turkey, norms developed by other countries have been used (Akbas, Tutuncu,
Tamar, Coskunol, & Kesikci, 2003; Erol, Kilic, & Ulusoy, 1998; Ulu & Filologlu,
2002). However, evaluation made through these norms does not truly reflect
the facts since psychosocial, economic, environmental and cultural positions
between societies are different. Thus, it is vital to form norms that determine the
psychosocial, economic and cultural problems influencing students’ success in
each country.

In order to form a model(s) to accurately estimate success status, the
relationships among many items are studied and determined by means of
Generalized Estimating Equations (GEE). The GEE method has been previously
employed by Horton and Bebchuk (1999) when they determined the charac-
teristics affecting mental health in 2519 children.

Since no study relating to the influence of psychosocial, economic and cultural
problems on children’s success in Turkey has been conducted, the primary
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goals of this study were to determine the factors influencing children’s success
according to the GEE method (Agresti, 1999; Stata 8.2, 2003) through the FRF,
TRF and CBCL and to form a new and actual success reference form for Turkish
children. Participants were 4130 primary education children between 10 and 15
years of age in a city of west Turkey, Eskisehir.

METHOD

ESKISEHIR AND PRIMARY SCHOOLS IN ESKISEHIR

The city has a total population of 600,000, which includes two universities. Its
socioeconomic level is judged to be average in Turkey. The socioeconomic and
cultural status of those living in the centre of the city and their children in the
central schools are better than that of those in rural areas or slum houses. The city
has seven regions with different socioeconomic characteristics.

The number of primary schools in Eskisehir is 101 with a capacity of
approximately 50,000 students.

PARTICIPANTS

For the purposes of the study, we aimed to contact the entire student population
(n=150,000) of all 101 schools. When this study was conducted between January
20th, 2003 and January 20th, 2004, a total of 35,000 students aged between
10 and 15 years were studying in the 4th, 5th, 6th, 7th and 8th classes of those
schools. Children of the 1st, 2nd and 3rd classes were excluded from the study
due to the assumption that they would not be able to answer the questions on
the forms owing to their young ages. However, due to the logistical problems of
reaching all 35,000 students in the 101 schools, the sample was limited through
the stratified and random sampling method to 4130 primary education children
and to include 9 schools and the classes in those schools alongside their class
teachers, as well as the students’ parents.

INSTRUMENTS

Forms for collecting data Students, families, and class teachers were asked
to respond to parallel questions. In addition, the form prepared for the students
included students’ names, sexes, ages, classes and school success, and the forms
prepared for students’ families and teachers included just the students’ names
and students’ school success according to lessons, so as not to cause confusion
between the forms. We distributed the forms to all students and teachers in the
selected classes, as well as giving the children their parents’ forms to be filled
in by the students’ mothers and fathers at home. A model was constituted to
determine factors influencing students’ success through the GEE method. This
meant employing responses to the 118 form questions given through 3 parallel
channels in the form of the CBCL, TRF and FRF.
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Measure Forms By reporting in each of the 118 concrete behavioral problems
whether this behavior is not true, somewhat or sometimes, or very much or often
true, parents or teachers give a detailed picture of the behavioral problems of
their child or student. Research has shown that these concrete behaviors were
grouped around nine core factors: Social Withdrawal, Somatic Complaints,
Anxiety/Depression, Social Problems, Thought Problems, Attention Deficits,
Delinquent Behavior, Aggressive Behavior and other (Achenbach, 1991a; De
Groot et al., 1994, Detrick et al., 1997).

As the variable determining the child’s school success, the sum of scores
received from cultural, social, science, foreign language, computer, picture,
music and job-occupation lessons was used.

We used 3 types of measure forms: the Teacher’s Report Form (TRF) completed

by the teachers, the Child Behavior Checklist (CBCL) completed by the students
themselves, and the Family Report Form (FRF) completed by the students’
families. The TRF and CBCL are two of three assessment instruments developed
by Achenbach and Edelbrock (1983) and Achenbach (1991a) to measure adaptive
functioning and problem behaviors of students. The TRF and FRF completed by
the teachers and families respectively are modeled on the CBCL and similarly are
appropriate for children aged between 10 and 15. These similarities between the
forms enabled comparison between the three measures. The 118 problem items
are rated O if the item is not true, 1 if the item is somewhat or sometimes true
and 2 if the item is very true or often true according to the observed frequency in
the last six months. As well as providing information regarding the presence and
severity of the 118 problem items, the TRF, CBCL and FRF also generate 9 factor
scales of problems that usually co-occur. These are: anxiety/depression, somatic
complaints, social withdrawal, delinquent behavior, social problems, thought
problems, attention deficits, aggressive behavior and other.
Validity and reliability of the scales Erol et al. (1998) conducted the validity and
reliability analysis of CBCL and TRF for use in Turkey. Furthermore, we wanted
to evaluate the answers given to three-channel parallel questions, including the
students’ parents, students’ teachers and students’ own responses. In order to
achieve this, we developed the FRF by adapting the corresponding questions
in the CBCL. Reliability analysis of the 118 questions in the 3 forms, and the
success variable was fulfilled on 453 students, parents and teachers. Since the
alpha coefficient was found to be 0.95, these forms were used as the main data
in the study.

STATISTICAL ANALYSES

In this study, GEE were used during investigation of psychosocial, economic,
environmental and cultural problems relating to success and failure. This was
due to the fact that the items were interconnected with each other. We introduced
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GEE to account for correlation between observations in generalized linear
regression models (Liang & Zeger, 1986; Zeger & Liang, 1986).

A GEE model is obtained from the orthogonality of the estimating equations
for the regression and association parameters. A population-averaged GEE model
based on Pearson residuals, focusing on the marginal distribution of the outcome,
was used (Hardin & Hilbe, 2003).

Using the notation from Liang and Zeger (1986), we let y, = (y;,,...,y;,)” be the
nx / vector of outcome values, and let X;= (x;,...,x;,)" be the n; x p matrix of
covariate values for the ith subject i = /,..., m. We assumed that the marginal
density for y,; may be written in exponential family notation as f(y, ) =exp|{y;,;6;;
—a(6,))+b(y;;)}¢|where 6,;was h(z, ),and 7, ; was x, ;3. Under this formulation, the
first two moments were given by E(y; ;) = a’'(6;)), Var (y ;) = a” (6, )/¢. We defined
the quantities [assuming that we have an nxn working correlation matrix R(a)], as
A= diag(8,/dn; ) A= diag{a”(8,))}, S;= y-a'(6).D;= AAX; and Vi=A}" R(a) A}”
such that the GEE became m
> DIV'Si=0
i=1

We then had

pri=pi-{X0r @) 7 Gy} {S0é) 7 ) s By}
i=1 i=1
where the term

{sord)7éypé)}

was what we called the IRLS variance estimate (iteratively reweighted least
squares). It was used to calculate the standard errors if the robust option was not
spec1fled For the calculation of the robust variance estimator D = (D! ,...,D"),
=(S7,....87), and V = nmxnm block diagonal matrix with V were used
At a given iteration, the correlation parameters  and scale parameter (J can
be estimated from the current Pearson residuals, defined by 7;; {y,, a'(6,) } / { a”
(9, ) } 2 = where 9 ; depended on the current value for 8. We can estimate & by

m. n;

¢ E Er !// (N _[’)
i=1 j=1

As the above general derivation is complicated, we used the derivation of the
Gaussian family with the identity link (regression) to illustrate the generalization.
After making appropriate substitutions, we saw a fa}miliar updating equation.
First, we rewrote the updating equation for 8 as 8,,,=f; — Z;'Z,, and then derived
for Z, and Z,: In the above equation, Z, was X" X., Z, was X' §, 5. So, that meant
that we may write the updated formula as /3_/” —ﬁ = (X'X)! XT9 which was the
same formula for IRLS in regression. In GEE analysis, 1ndependent correlation
structure, an identity matrix, was used (Stata 8.2, 2003).
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To develop the factor scales according to the questions, each item was placed
within a factor scale. In this way, items that belong to each scale were grouped.
Nine factor scales were constituted separately for students, teachers and family.

The school success variable was received separately for FRF, CBCL and
TRE. To determine variables affecting the success by GEE method, the students’
school success points were taken into consideration as the dependent variable,
the other variables as covariates, distributional family as Gaussian, and link
function as identity. The study correlation structure was also selected as the
independent correlation structure.

Items with a probability above 0.05 were excluded from the model by stepwise
regression analysis. As a result, the items below 0.05 — or, those remaining in
the model — were put into GEE analysis. Horton and Bebchuk (1999), when
determining the characteristics that affect mental health on 2519 children
established GEE method as [xtgee service olderchild*mentalhealth
olderchild*school academicproblem*mentalhealth academicproblem*school,
link(logit) corr(unst) family(binomial) robust] and [xtgee serv i.old*mental
i.old*school i.acadpro*mental i.acadpro*school, link(logit) corr(unst)
family(binomial) robust].

Missing Value Analyses were carried out for the gaps in the study and median
values were put into those missing places.

INFORMED CONSENT

Before the commencement of the study, we obtained consent from both the
teachers themselves and their students and school principals. This study was
approved by the local authorities, those of the Osmangazi University School of
Medicine and the education authorities in the city of Eskisehir. Subjects were
told that participation in the investigation was strictly voluntary and refusal
would not affect their status as a student or a teacher.

RESULTS

A total of about 5000 students studying at 9 primary schools were approached
for inclusion in the study. Of these, 4130 (93.4%) (1974 boys and 2156 girls)
responded to the survey. Eight hundred and seventy questionnaires were
excluded from the study because either students or teachers were absent from
school, questionnaires were not filled in, the mother or father did not fill in the
questionnaires, or sent questionnaires were missing.

Table 1 shows the GEE of the 4130 students peculiar to society averages. It
was found that there were 24 items that indicated Turkish children’s norms.
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TABLE 1

993

THE RESULTS OF THE GENERALIZED ESTIMATING EQUATIONS OF 4130 STUDENTS ANOMALOUS

TO SOCIETY AVERAGES

Item Items Factor  Coefficient s.e. z p>lzl %95 CI
no scales
1 Acts too young for his/her age  Attention -0.369 .101 -3.65 <0.001 -0.568 -0.171
8 Can’t concentrate, can’t pay
attention for long Attention -0.910 .081 -11.21 <0.001 -1.069 -0.751
13 Confused or seems to be
in a fog Attention -0.357 .097 -3.69 <0.001 -0.546 -0.167
45  Nervous, high strung or tense  Attention -0.243 .082 -2.95 0.003 -0.404 -0.081
67  Poor school work Attention -2.85 .085 -33.35 <0.001 -3.013 -2.67
92 Stubborn, sullen or irritable Attention 0.327 .085 3.83 <0.001 0.160 0.494
3 Argues a lot Anxiety/
depression 0.350 .079 4.40 <0.001 0.194 0.506
12 Complains of loneliness Anxiety/
depression 0.234 .081 2.88 0.004 0.075 0.392
31  Fears he/she might think or do
something bad Anxiety/
depression 0.212 .063 3.37 0.001 0.089 0.336
32 Feels he/she has to be perfect ~ Anxiety/
depression 0.604 .064 9.5 <0.001 0.479 0.728
35  Feels worthless or inferior Anxiety/
depression -0.398 .099 -4.02 <0.001 -0.593 -0.204
77  Too shy or timid Anxiety/
depression -0.287 .076 -3.76 <0.001 -0.437 -0.137
11 Clings to adults or too Social
dependent problems -0.138 .071 -1.94 0.053 -0.278 0.002
96  Talks too much Behavior based
oncrime -0.662 .136 -4.88 <0.001 -0.928 -0.396
100 Threatens people Behavior based
oncrime 0417 .114 3.66 <0.001 0.193 0.640
19 Demands a lot of attention Aggressive 0.205 .080 2.55 0.011 0.048 0.363
37  Gets into many fights Aggressive -0.350 .102 -3.44 0.001 -0.549 -0.151
73 Runs away from home Behavior based
oncrime -0.655 .153 -4.27 <0.001 -0.955 -0.354
108  Underactive, slow moving or
lacks energy Withdrawn -0.366 .089 -4.11 <0.001 -0.540 -0.191
5 There is very little Other
he/she enjoys problems -0.307 .104 -2.94 0.003 -0.511 -0.103
15 Cruel to animals Other
problems -0.352 .069 -5.10 <0.001 -0.217 -0.487
44 Bites fingernails Other
problems -0.280 .089 -3.15 0.002 -0.106 -0.455
47  Nightmares Other
problems -0.648 .073 -8.88 <0.001 -0.505 -0.791
114 Wets the bed Other
problems -0.249 .073 339 0.001 -0.105 -0.392
constant 22.884 .098 232.90 <0.001 2270 2.307

Wald x2 (24) = 3407.62 p <0.001
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According to the composed GEE model, for primary school students, it was
found that the items “acts too young for his/her age” (p < 0.001), “has very little
he/she enjoys”, “can’t concentrate or can’t pay attention for long” (p < 0.001),
“confounds or seems to be in a fog” (p < 0.001), “cruel to animals” (p < 0.001),
“feels himself/herself worthless or inferior” (p < 0.001), “gets in many fights”
(p = 0.001), “bites fingernails” (p = 0.002), “is nervous, high-strung or tense”
(p = 0.003), “nightmares” (p < 0.001), “has poor school work” (p < 0.001), “runs
away from home” (p < 0.001), “is too shy or timid” (p < 0.001), “talks too much”
(p <0.001), “is underactive, slow moving or lacks energy” (p < 0.001), and “wets
the bed” (p = 0.001), affected success negatively; however, “argues too much”
(p <0.001), “complains of loneliness” (p = 0.004), “demands a lot of attention”
(p = 0.011), “fears he/she might think or do something bad” (p = 0.001),
“feels he/she has to be perfect” (p < 0.001), “is stubborn, sullen or irritable”
(p < 0.001), and ““threatens people” (p < 0.001) affected success positively.

The items that had the greatest effect on the students’ success negatively were
“has poor school work” (coefficient: -2.85), and “can’t concentrate or can’t
pay attention for long” (coefficient: -0.91). They were both in the factor scale
‘attention’. On the other hand, the item that had the greatest positive effect on the
students’ success was “feels he/she has to be perfect” (coefficient: 0.604). This
item was found to be in the factor scale ‘anxiety/depression”.

DISCUSSION

Characteristics influencing psychosocial, economic, environmental and
cultural conditions were investigated in the current study to determine the factors
influencing school success among primary school students. According to the
forms CBCL, FRF and TRE, it was found that the most critical reasons causing
a decline in students’ school success out of 9 factor scales were the deficit
problems such as “acts too young for his/her age”, “can’t concentrate, can’t
pay attention for long”, and “poor school work™ and anxiety/depression such as
“feels worthless or inferior” and “too shy or timid”. This shows that attention and
anxiety/depression are important factors in determining students’ school success
and also that to increase success, psychological counseling centers or school
counselors should be used more frequently.

According to the CBCL, FRF and TRF, the most important items found to effect
an increase in students’ success were anxiety/depression problems including
“argues a lot”, and “feels he/she has to be perfect”. This illustrates the fact that
a student achieves success as a result of forcing him or herself psychologically
and biologically because he/she would like to be perfect. However, through
doing this, their experiencing anxiety and depression is easily attributable to
psychological and biological distress. In addition, this may show that anxiety
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levels increase due to the fact that adolescent students are perfectionists, and
as a result, anxiety/depression is observable. The fact that students want to
be successful escalates anxiety and depression levels. According to the GEE
analysis method, it was determined that there were 24 items which could form a
new and actual reference form for Turkish children. Except for “clings to adults
or too dependent in social problems”, the remaining 23 items are from seven
factor scales: ‘attention’, ‘social problems’, ‘anxiety/depression’, ‘delinquent
behavior’, ‘aggressive’, ‘social withdrawal’ and ‘other problems’. ‘Somatic
complaints’ and ‘thought problems’ were excluded as they did not contribute
significantly to whether a student was successful or unsuccessful. Further studies
are needed to address factors affecting success. We recommend that students,
their families, and teachers be informed about those factors influencing school
success and also that each school’s management employs a psychologist or
counselor who may prevent or deal with adolescent’s psychological problems
at an early age.
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