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Abstract: This study aimed to explore school factors that influence students’ achievements in Trends
in International Mathematics and Science Study (TIMSS) in schools in the Emirate of Abu Dhabi, in
the United Arab Emirates. The study sample for TIMSS 2015 consisted of 4838 students in eighth
grade; 2172 girls, 2666 boys, and 156 schools from Abu Dhabi attended and participated in TIMSS
2015. Principal component analysis (PCA) was run on 77 items of school questionnaires administered
to school principals to provide information about the school contexts for teaching and learning. The
five factors from the school questionnaire were general school resources, school discipline and safety,
parental support, principal experience and education, and library and instruction resources. Multiple
regression models were implemented to examine the impact of school factors on student achievement
in TIMSS 2015. The models are statistically significant, indicating that they fit the data well. This also
demonstrates a significant linear relationship between students’ achievement in TIMSS 2015 and the
variables related to school factors.

Keywords: TIMSS study; school factors; student achievement; performance in mathematics; regression

1. Introduction

Trends in International Mathematics and Science Study (TIMSS) provides reliable and
valuable data about student performance in mathematics and science in the participating
countries. TIMSS was first administered in 1995 by the International Association for the
Evaluation of Educational Achievement (IEA), and has been administered every four years,
becoming one of the lead international comparative studies that provides comparative
data to assist participating countries in re-examining their student learning. Abu Dhabi
participated in TIMSS 2011, 2015, and 2019, as a benchmark study for fourth and eighth
grades mathematics and science [1]. The TIMSS 2015 results indicate that students in Abu
Dhabi perform below the international average in mathematics and science [2]. According
to the TIMSS 2015 mathematics results, Abu Dhabi students rank 36th amongst 4th graders,
and 24th amongst 8th graders. The results prove there is a need to assess the predictors
of mathematics achievement. Considering these factors, we investigated the influence
of school factors in predicting the mathematics achievement of Abu Dhabi eighth grade
students in TIMSS 2015. By determining significant and reliable factors in predicting the
influence of school factors, the study results are expected to contribute toward curriculum
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reform implementation, in order to achieve the desired positive outcome in mathematics at a
school level. The study was guided by the research question of which school characteristics
effectively predict mathematics achievement for Abu Dhabi eighth grade students [3].

This research study attempts to explore the effects of school factors that affect the
mathematics achievement of eighth grade students in the Emirate of Abu Dhabi in TIMSS
2015. It is of note that previous studies undertaken focus on implicated facts and datasheets
upon the average score of students in the UAE in mathematics and science, while the
underlying school factors behind students’ performance in TIMSS have not been empha-
sized in any studies. Therefore, this study aims to identify the school-related factors that
influenced Abu Dhabi eighth grade students’ mathematics achievement in TIMSS 2015. The
research questions for the study were: What school variables might have affected student
performance in TIMSS 2015 eighth grade mathematics in the Emirate of Abu Dhabi? What
factors related to Abu Dhabi schools might predict students’ achievement in TIMSS 2015?

2. School Variables on Students’ Mathematics Achievements

School-related variables, such as school resources, school environment in terms of
discipline and safety, parental involvement and support in school-related activities, school
principal experience and education, and library and instructional resources, might affect
students’ achievement in mathematics. Studies find that school resources positively impact
students’ learning and academic performance [4]. School climate may have a significant
impact on student learning and performance in mathematics or other subjects [5]. This
climate creates a positive atmosphere in the school, and classrooms with greater safety
and student discipline, with self-responsibility and shared values, which may affect stu-
dent achievement [6]. Likewise, studies report that parental involvement in school has
a significant impact on students’ academic performance [7,8]. School principals are the
major agents of impacting students’ performance in schools [9] (UChicago Consortium on
School Research) [9]. School principals play a major role in teacher development, parental
engagement in school, maintaining a safe climate, and providing instructional supervision
and leadership to improve student achievement [9].

Several studies [10–16] highlight the impact of school factors on student performance
in mathematics. However, most of these studies focus on classroom environment and some
other school variables, for example, interactive classrooms, parental involvement in school,
the nature of school management, school socioeconomic status, and teaching–learning
approaches in terms of impact on students’ mathematics achievement.

Lamb and Fullarton [14] perform a comparative study on the effect of classroom and
school on eighth grade students’ mathematics achievements between the United States and
Australia. The findings reveal that students’ classroom interaction in both countries relies
heavily on their higher vulnerability to the composition of students’ socioeconomic status.
The researchers state that both the classroom environment and the interaction pattern
between the students are crucial in amplifying the students’ learning techniques and proto-
cols. If the classroom and the study pattern are interactive, the curricula are framed around
those interactive sessions, learning from each other’s knowledge is embellished, and then
the learning becomes much more accessible than conventional classroom teaching using
chalk and a duster. The researchers also state that classrooms that encourage interactive
sessions amongst students are more prone to showcase high attendance than other classes
with high absenteeism, due to a lack of motivation inside the classrooms.

Sheldon et al. [16] conduct a study to determine whether creating partnerships can
improve math proficiency among students. The assessment based on the multilevel statisti-
cal software only analyses the direct ‘effects’ of variables, and interaction ‘effects’ on the
dependent variable. The researchers in this study also illustrate the utility of interactive
sessions that can be considered in classroom settings in schools, to encourage students to
improve their interest and inclination toward mathematics. It is seen that students become
much more interested when introduced to interactive sessions in the case of science subjects,
as compared to conventional classroom teachings. Bowen et al. [17] examine school en-
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gagement, academic performance, educational aspirations, students’ attendance, parental
support, neighborhood, school, and classroom factors in another study. This study finds
that within-school factors significantly impact students’ academic achievements. Likewise,
Izumi [12] explores the impact of parental involvement on the achievements of junior
secondary school students in Botswana in TIMSS 2007. The study employs independent
variables, such as the participation of parents in meetings at a school level, whether or
not the parents are requested to have active involvement in the school committee, and the
degree of parental support for student achievement at a school level.

Joseph [13] studies how school variables influence students’ achievements in mathemat-
ics. The results from an achievement test in mathematics on 853 students from 20 different high
schools in Akwa Ibom State in Nigeria reveal that school proprietorship (private and public
school type) as a variable has a significant impact on students’ achievement in mathematics,
indicating that private school students outperform the public schools. Other variables such as
school locations, whether urban or rural, have no significant impact on students’ performance
in mathematics [13].

Gustafsson et al. [11] conduct a study to understand the school variables capable of
moderating the link between mathematics achievements and the socioeconomic status
of eighth grade students. The study examines school factors, educational systems, and
organizational differentiation. The results of the study vary, with some countries, having
positive regression coefficients for school socioeconomic status (SES) with educational
achievement in TIMSS, and others having negative regression coefficients. For example,
South Africa, Botswana, Indonesia, and Thailand, to name a few, have significant positive
slope variants. At the same time, countries such as Japan, Singapore, Armenia, Hungary,
Russia, and Canada have a negative regression coefficient for school SES and student
achievement. A negative regression coefficient is associated with instructional quality and
student achievement with respect to SES. This way, school characteristics, in terms of SES,
have a significant impact on student performance in TIMSS 2011.

Malik and Rizvi [15] conduct a study on the impact of the classroom environment
on students’ mathematics achievements at the secondary level. The study is conducted in
Tehsil Rawalpindi and Islamabad. The sample consists of 500 eighth grade students study-
ing mathematics, who were selected randomly from different schools. During the study,
the students who believe in the investigation, or use the inquiry approach to comprehend
the content, do not achieve good marks in the Pakistani context, which may be due to a
lack of priority by the agencies responsible for curriculum improvement and evaluation.

3. Methodology

This study utilized the publicly available TIMSS 2015 data from the International
Database of TIMSS and PIRLS International Study Center (https://timssandpirls.bc.edu/
index.html, accessed on 20 November 2019). The ontological assumption of the study is
realism with objectivity, generalizability, and quantitative analysis of the data. Hence, this
study followed a quantitative approach to analyze and interpret school variables and their
impact on eighth grade students’ mathematics achievement in TIMSS 2015 in the Emirate
of Abu Dhabi, UAE.

3.1. TIMSS 2015 Data

This study used data concerning the eighth grade mathematics achievement from the
TIMSS 2015, conducted by the International Association for the Evaluation of Educational
Achievement (IEA). TIMSS assessed mathematics and science in 1995, 1999, 2003, 2007,
2011, 2015, and 2019 [18,19]. Apart from monitoring trends in mathematics and science
achievement in the fourth and eighth grades, TIMSS collects a vast array of background
information in the context of varying educational systems, organizational approaches of
schools, and instructional practices [19]. In this study, TIMSS 2015 sources, which covered
57 countries and 7 benchmarking entities worldwide, involving about 580,000 students,
provided information about educational achievement across countries to serve as a resource

https://timssandpirls.bc.edu/index.html
https://timssandpirls.bc.edu/index.html


Educ. Sci. 2022, 12, 424 4 of 23

for improving teaching and learning mathematics and science [19]. At the time of the
implementation of TIMSS 2015, the Abu Dhabi Education Council (ADEC) was responsible
for looking after the operations of 257 public schools across the Emirate of Abu Dhabi. In
addition to these, 188 private schools operate within the Abu Dhabi Emirate regions. There
are 223,803 students in private schools, and 127,770 students in public schools. The public
school population reflects 23% expatriates, and 77% of Emirati nationals. The private school
population represents 24% of Emirati citizens, and 76% of expatriates [19]. We retrieved
TIMSS 2015 data on school questionnaires and students’ mathematics achievement for
further analyses and interpretations, to examine the impacts of school variables on student
achievement in eighth grade mathematics.

3.2. Questionnaires

This study used data from the TIMSS 2015, including a school questionnaire and eighth
grade students’ achievements in math (five plausible values). The school questionnaire
contained items that asked the school principal to provide information about school climate,
resources available for teaching and learning, the national curriculum, school location, and
other information about the context within which mathematics is taught and learned. As a
result of this study’s goal, all questionnaire items related to science were removed (Table 1).
The 22 broad item types break down into specific items, that make 77 items included in the
current analysis.

Table 1. School questionnaire items (Martin et al., 2016).

Categories Number of Questions Total

School enrolment and characteristics Q1, Q2, Q3(a–b), Q4, Q5(a–b), Q6(a–b) 9
Instructional time Q7(a–c), Q8(a–b), Q9(a–b) 7
Resources and technology Q10, Q11(a–b), Q12(a–b), Q13A(a–i), Q13B(a–e), Q13C(a–e) 24
School emphasis on academic success Q14(a–m) 13
School discipline and safety Q15(a–k) 11
Teachers in your school Q16(a–c), Q17(a–c), Q18(a–b) 8
Principal experience and education Q19, Q20, Q21, Q22(a–b) 5

Total 77

3.3. Study Sample

The study population consisted of all eighth grade students in Abu Dhabi schools.
The study sample targeted eighth grade students in mathematics in the Emirate of Abu
Dhabi, including 156 schools that participated in TIMSS 2015. The students’ average age
is 13.9 years [18]. The researcher combined the school questionnaire in addition to the
students’ mathematics achievement on TIMSS 2015 in to one SPSS file. The number of par-
ticipant students in the eighth grade reached 4,838 (out of 22,018 students) in selected Abu
Dhabi public and private schools, and the number of participating schools was 156 public
and private schools out of 257 public and 188 private schools in Abu Dhabi [20]. About
156 school principals from the public and private sectors participated in this study, and
205 mathematics teachers who taught the eighth grade curriculum were also participants
in the TIMSS 2015 (Table 2).

Table 2. Participants of TIMSS 8th grade mathematics test in Abu Dhabi.

Country Number of
Schools

Number of
Students

The Average
Age of
Students

Number of
Males

Number of
Females

UAE\Abu
Dhabi 156 4838 13.9 years 2666 2172

3.4. TIMSS 2015 Data

Johansone [21] explains data collection operations for TIMSS 2015 as scheduled accord-
ing to 57 participating countries and 7 benchmarking entities located in the southern and
northern hemispheres. The school year typically ends in November or December for those
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schools in the southern hemisphere; the TIMSS assessment was given out in October or
November 2014. Whereas, for schools in the northern hemisphere, the school year usually
ends in May or June and, thus, the assessment was conducted in April, May, or June 2015.
Survey and assessment operations procedures were developed and standardized to ensure
the consistency and uniformity of high-quality, internationally comparable data among
the participating countries. Each country or benchmark entity was charged with carrying
out the data collection process, and maintaining quality control procedures as per the
guidelines set forth by the National Research Coordinators. Testing administrators and
participating school personnel were provided with training in test security, timing, rules for
answering students’ questions, and control monitors, in order to maintain the high-quality
and accurate data for the TIMSS 2015 survey and assessment.

In Abu Dhabi, the students from the sampled schools sat for the achievement tests and
answered the questionnaire. At the same time, mathematics teachers and school principals
of the participating schools completed the questionnaire [22]. The data collection procedure
was applied in face-to-face mode in 75 sampling zones by the TIMSS study center in Abu
Dhabi. The TIMSS 2015 eighth grade mathematics test data can be processed from two main
areas: content and cognitive domains. Content areas cover real numbers, geometry, algebra,
statistics, and probabilities, while cognitive domains include knowledge, application, and
thinking [18]. This study did not cover the cognitive domains, because the intent was to
study the school variables and their impacts on student achievement in mathematics in
TIMSS for grade eight. Therefore, these two areas are grouped and presented in tables for
comparative and interrelated analysis [23].

3.5. Analysis

First, we performed factor analysis with 77 items from the TIMSS 2015 school question-
naire, to reduce them into a few dominant categorical variables to relate them to students’
mathematics achievement. Then, one-sample t-tests were conducted to examine item-wise
results within each categorical variable from the school factors, if they were statistically
significant from the hypothesized means. One sample t-test was deemed suitable because
of large sample size of the data, which does not require perfect normal distribution, the
samples were independent, and the composite component variables were computed in the
forms of ratio scale as averages of items loaded with them. A multiple linear regression
analysis was performed to examine the impact of school-related categorical variables on
eighth grade students’ achievement in TIMSS 2015 in mathematics. The statistical signifi-
cance of the linear regressions was assessed at 0.01 level of significance. All analyses were
performed in IBM SPSS version 26.

4. Results
4.1. Factor Analysis of School Questionnaire

A principal components analysis (PCA) was conducted on a 77 question questionnaire
administered to school principals to provide information about the school contexts for
teaching and learning. The suitability of PCA was assessed before analysis. Inspection of the
rotated component matrix shows that all variables have a factor-loading coefficient greater
than 0.3. The overall Kaiser–Meyer–Olkin (KMO) measure is 0.771, which is acceptable [24].
Bartlett’s test of sphericity is statistically significant (p < 0.05), indicating that the data is
likely factorable. Component loadings and variables of the rotated solution are presented
in Table 3.

Table 3. KMO and Bartlett’s test.

Kaiser–Meyer–Olkin measure of sampling adequacy. 0.771

Bartlett’s test of sphericity
a. based on correlations

Approx. chi-square 24,302.067
Df 1770
Sig. 0.000
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The PCA reveals five factors with eigenvalues greater than 1 among the 14 potential
factors. Only five factors were retained and ran the principal component analysis ignoring
the other factors that have a low-reliability coefficient and the coefficient of items loading.
The five factors used as categorical variables explain 17.3%, 14.5%, 7.8%, 5.6%, and 4.2% of
the total variance. If the first five factors explain most variables’ variability, they are a good,
more straightforward substitute for all variables. Therefore, the rest of the factors were
dropped without losing much of the original variability. A visual inspection of the scree
plot indicates that five components should be retained. Besides, a five-component solution
meets the interpretability criterion [25,26]. As such, five components are included. The five
factors as categorical variables are selected based on several criteria. The first criterion is
that an eigenvalue less than one indicates that the component explains less variance than a
variable, and should not be retained (Table 4).

Table 4. Exploratory factor analysis of school questionnaire.

Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %

10.392 17.320 17.320 10.392 17.320 17.320 9.154 15.257 15.257
8.710 14.517 31.837 8.710 14.517 31.837 7.162 11.937 27.194
4.713 7.855 39.693 4.713 7.855 39.693 6.991 11.651 38.845
3.383 5.638 45.331 3.383 5.638 45.331 3.586 5.977 44.823
2.538 4.230 49.561 2.538 4.230 49.561 2.843 4.738 49.561
1.928 3.213 52.774
1.849 3.081 55.855
1.513 2.522 58.377

Extraction method: principal component analysis.

In this study, the components ranked 6th to 14th have an eigenvalue between (1.928 to
1.132). Still, these factors have a low-reliability coefficient and fewer items loading with
them. Therefore, the interpretation is relatively straightforward: components 1 to 5 are
retained, and components 6 to 14 are not. The second criterion is based on the cumulative
percentage of variance explained by a set number of components, where the first 5 factors
explain about 50% of the total cumulative variance. Using the lower criterion of at least
50% of total variance leads to the retention of the first five components [25,26]. The third
criterion is a scree plot. The components to retain are those before the (last) inflection point
of the graph (Figure 1). The inflection point represents where the graph begins to level out,
and subsequent components add little to the total variance [25,26].
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Figure 1. Plot of eigenvalues from exploratory factor analysis of the school questionnaire variables.

In this study, visual inspection of the scree plot leads to the retention of five compo-
nents (Figure 1). The fourth criterion is reliability. The study adopted Cronbach’s alpha (α)
to measure the internal consistency of the scales created. The internal consistency of the
five components is high to low (0.94, 0.90, 0.91, 0.572, 0.695). One factor has a low internal
reliability coefficient, but is near 0.60 and is retained. The components’ items are closely
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related, so this led to the retention of five components. The fifth criterion is the interpretabil-
ity criterion. The interpretability criterion is arguably the most crucial. It mainly revolves
around the concept of simple structure, and a readily explainable division of variables into
separate components. Extracting five components in this example allows the attainment of
simple structure, and given the leaning towards extracting five components, re-runs the
principal components analysis, but forces SPSS to only extract (retain) five components,
instead of the default, using eigenvalue-one criterion, and suppressing all coefficients less
than 0.3 [25,26].

The five-component solution explains approximately 50% of the total variance. A
varimax orthogonal rotation is employed to aid interpretability. The rotated solution
exhibits a ‘simple structure’ [24,26]. The interpretation of the data is consistent with what
the questionnaire is designed to measure, with strong loadings of items on factor 1, named
general school resources; items on factor 2, named school discipline and safety; factor 3,
named parental support; factor 4, named principal experience and education; and factor 5,
named library and instruction resources (Table 5).

Table 5. School questionnaire factor analysis and reliability statistics.

No Item Code Item Loading Factors Cronbach’s Alpha School Factors

1 BCBG13AE Gen\Shortage\Gen\Instructional Space 0.86

0.95
(14 items)

Factor 1: general
school resources

BCBG13AD Gen\Shortage\Gen\Heating Systems 0.84
BCBG13AF Gen\Shortage\Gen\Technological Staff 0.84
BCBG13AA Gen\Shortage\Gen\Instructional Material 0.84
BCBG13AG Gen\Shortage\Gen\Audio-Video Res 0.82
BCBG13AC Gen\Shortage\Gen\School Buildings 0.84
BCBG13AB Gen\Shortage\Gen\Supplies 0.82
BCBG13BE Gen\Shortage\Math\Concrete Objects 0.81
BCBG13AH Gen\Shortage\Gen\Comp Technology 0.81
BCBG13BA Gen\Shortage\Math\Teach Spec Math 0.80
BCBG13BC Gen\Shortage\Math\Library Resources 0.75
BCBG13BD Gen\Shortage\Math\Calculators 0.73
BCBG13BB Gen\Shortage\Math\Computer Software 0.64
BCBG13AI Gen\Shortage\Gen\Resources Std With Disab 0.43

BCBG15F Gen\Degree Probs\Vandalism 0.81

0.903
(12 items)

Factor 2: school
discipline and
safety

BCBG15J Gen\Degree Probs\Intimidation Of Teacher 0.79
BCBG15G Gen\Degree Probs\Theft 0.78
BCBG15E Gen\Degree Probs\Profanity 0.77
BCBG15H Gen\Degree Probs\Intimidation Among Stud 0.74
BCBG15I Gen\Degree Probs\Physical Injury 0.73
BCBG15D Gen\Degree Probs\Cheating 0.68
BCBG15C Gen\Degree Probs\Classroom Disturbance 0.68
BCBG15A Gen\Degree Probs\Arriving Late At School 0.66
BCBG18A Gen\Degree Probs Teach\Arriving Late At School 0.61
BCBG18B Gen\Degree Probs Teach\Absenteeism 0.59
BCBG15K Gen\Degree Probs\Physical Injury To Tch 0.59

BCBG14C Gen\Sch Character\Tch Expectations 0.83

0.917
(13 items)

Factor 3: parental
support

BCBG14E Gen\Sch Character\Tchrs Ability To Inspire 0.79
BCBG14B Gen\Sch Character\Tch Success 0.78
BCBG14K Gen\Sch Character\Std Desire To Do Well 0.74
BCBG14A Gen\Sch Character\Tch Understanding 0.73
BCBG14D Gen\Sch Character\Tchrs Working Together 0.72
BCBG14G Gen\Sch Character\Parental Commitment 0.70
BCBG14I Gen\Sch Character\Parental Support 0.65
BCBG14L Gen\Sch Character\Ability To Reach Goals 0.65
BCBG14J Gen\Sch Character\Parental Pressure 0.63
BCBG14H Gen\Sch Character\Parental Expectations 0.63
BCBG14F Gen\Sch Character\Parental Involvement 0.58
BCBG14M Gen\Sch Character\Respect For Classmates 0.51

BCBG21RSCHOOL Gen\Highest Level Of Formal Education (Reverse) 0.69

0.572
(5 items)

Factor 4: principal
experience and
education

BCBG04RSCHOOL Gen\Percent Of Students <Lang Of Test> (Reverse) 0.68
BCBG22A Gen\Degrees In Education Leadership\Isced 7 0.49
BCBG22B Gen\Degrees In Education Leadership\Isced 8 0.49
BCBG03A Gen\Students Background\Economic Disadva 0.38

BCBG12BBRSCHOOL Gen\Magazines In Library\Digital (Reverse) 0.55

0.695
(7 items)

Factor 5: library
and instruction
resources

BCBG03BRSCHOOL Gen\Students Background\Economic Affluent
(Reverse)

0.55

BCBG12BARSCHOOL Gen\Magazines In Library\Print (Reverse) 0.54
BCBG08A Gen\Have Place For Schoolwork 0.47
BCBG12ABRSCHOOL Gen\Books In Library\Digital (Reverse) 0.46
BCBG12AARSCHOOL Gen\Books In Library\Print (Reverse) 0.39
BCBG17A Gen\Use Incentives\Math 0.30

(Reverse item): means that the numerical scoring scale runs in the opposite direction. So, in the above items:
strongly disagree attracts a score of 5, disagree is 4, neutral still equals 3, agree becomes 2, and strongly agree = 1.
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Table 5 shows that factor 1: general school resources is a combination of 14 variables,
coded as BCBG13AE, BCBG13AE, BCBG13AE, etc. The value of Cronbach’s alpha (α) for
factor 1 is 0.95, which is above 0.9, and considered excellent and acceptable [25,27]. It shows
a high internal consistency of the variables within the factor. Therefore, the reliability
of factor 1 within the variables is excellent. For factor 1: general school resources, each
component variable loads moderately high on the underlying factor (loadings between 0.43
and 0.86), indicating that they measure the underlying construct relatively well. Variance
in factor 1, explained by the component variables, is 17.32%, which is relatively high for a
14-variable scale. Cronbach’s alpha is 0.95, providing further evidence that the component
variables are valid. These variables work well as a unit.

Factor 2: discipline and safety is a combination of 12 variables, i.e., BCBG15F, BCBG15G,
BCBG15H, etc. The value of Cronbach’s alpha (α) for factor 2 is 0.90, which is considered
excellent and acceptable, which is above 0.9 [25–27]. For factor 2: discipline and safety, each
component variable loads moderately high on the underlying factor (loadings between 0.59
and 0.81), indicating that they measure the underlying construct relatively well. Variance
in factor 2, explained by the component variables, is 14.52%, which is relatively high for a
12-variable scale. Cronbach’s alpha is 0.90, providing further evidence that the component
variables are valid. These component variables work well as a unit.

Factor 3: parental support is a combination of 13 variables, i.e., BCBG14A, BCBG14D,
BCBG14G, etc. The value of Cronbach’s alpha (α) for factor 3: parental support is 0.917,
which is considered excellent and acceptable, which is above 0.9 [24,25]. For factor 3:
parental support, each component variable loads moderately on the underlying factor
(loadings between 0.51 and 0.83), indicating that they measure the underlying construct
relatively well. The percentage of variance in factor 3, explained by the component vari-
ables, is 7.86%, which is relatively moderate for a 13-variable scale. Cronbach’s alpha is
0.92, providing further evidence that the component variables are valid. The component
variables work well as a unit.

Factor 4: principal experience and education is a combination of five variables, i.e.,
BCBG22A, BCBG22A, BCBG03A, etc. The value of Cronbach’s alpha (α) for factor 4: prin-
cipal experience and education is 0.57, which is low, but still acceptable for exploratory
factor analysis, as it is close to reliability coefficient 0.6 [25]. It shows an acceptable degree
of internal consistency of the variables within the factor. For factor 4: principal experi-
ence and education, each component variable loads moderately on the underlying factor
(loadings between 0.38 and 0.69), indicating that they measure the underlying construct
relatively well [25]. The percentage of variance in factor 4, explained by the component
variables, is 5.64%, which is relatively moderate for a five variable scale. Cronbach’s alpha
is 0.57, providing further evidence that the component variables are valid. The component
variables work well as a unit.

Factor 5: library and instruction resources is a combination of seven variables, i.e.,
BCBG17A, BCBG08A, BCBG03BRSCHOOL, etc. The measure of internal consistency and
reliability value of Cronbach’s alpha (α) for factor 5: library and instruction resources is
0.695, which is good and acceptable [25]. For factor 5: library and instruction resources,
each component variable loads moderately on the underlying factor (loadings between
0.30 and 0.55), indicating that they measure the underlying construct relatively well. The
percentage of variance in factor 5, explained by the component variables, is 4.23%, which is
relatively low for a seven variable scale. Cronbach’s alpha is near 0.70, providing further
evidence that the component variables are valid. The component variables work well as
a unit.

The factor analysis results show that the internal consistency of factors 1, 2, and 3
are very high (0.94, 0.90, and 0.91, respectively), and the items in the factors are closely
related. The internal consistency of factors 4 and 5 is moderate (0.57 and 0.70, respectively),
in comparison to the internal consistency of factors 1, 2, and 3. As a result of the factor
analysis with principal component analysis, five new factors are created throughout the
school questionnaire, that are entitled factor 1: general school resources, factor 2: discipline
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and safety, factor 3: parental support, factor 4: principal experience and education, and
factor 5: library and instruction resources. These factors are used for one sample t-test and
regression analysis, to identify the school factors that most affected students’ achievement
in TIMSS 2015.

4.2. One-Sample t-Test of School Questionnaire: Factor 1—General School Resources

A one-sample test was performed to examine the perceptions of the school principals
on items related to factor 1: general school resources. These items have four-point Likert-
scale responses, from A lot (coded 4), to Not at all (coded 1), and the neutral value of 2.5 is
used as the test value. The one-sample t-test shows that the principals have an overall signif-
icant negative perception toward factor 1: general school resources (mean = 2.42, SD = 0.88,
and p < 0.05), since it attains an overall mean of less than 2.5, with SD = 1.302 and p < 0.05.
Their perceptions are negative toward school buildings and grounds, heating/cooling and
lighting systems, and computer technology for teaching and learning (e.g., computers or
tablets for student use). They express negative perceptions toward technologically compe-
tent staff (mean = 2.34, SD = 1.064, and p < 0.05), instructional materials (e.g., textbooks)
(mean = 2.37, SD = 1.199, and p < 0.05), audio–visual resources for delivery of instruction
(e.g., interactive whiteboards, digital projectors) (mean = 2.34, SD = 1.063, and p < 0.05),
supplies (e.g., papers, pencils, materials) (mean = 2.15, SD = 1.186, and p < 0.05), concrete
objects or materials to help students understand quantities or procedures (mean = 2.41,
SD = 0.936, ad p < 0.05), library resources relevant to mathematics instruction (mean = 2.37,
SD = 0.939, and p < 0.05), and toward calculators for mathematics instruction (mean = 2.26,
SD = 1.140, and p < 0.05). Overall, the principals have a negative perception toward factor
1: general school resources (mean = 2.42, SD = 0.88, and p < 0.05) (Table 6).

4.3. One-Sample t-Test of School Questionnaire: Factor 2—School Discipline and Safety

A one-sample t-test was conducted to examine the Abu Dhabi school principals’
perceptions on items related to factor 2: school discipline and safety (Table 7). These items
have four-point Likert-scale responses, from Serious problem (coded 4), to Not a problem
(coded 1), and the neutral value of 2.5 is used as a test value. All the rated items are less than
neutral values. The highest-rated item is classroom disturbance (mean = 2.06, SD = 0.745,
and p < 0.05) and the lowest-rated item is physical injury to teachers or staff (mean = 1.10,
SD = 0.403, and p < 0.05). Overall, the headmaster has a positive perception toward factor
2: school discipline and safety (mean = 1.6013, SD = 0.49186, and p < 0.05) (Table 7). This
result aligns with the conceptual framework of this research. The school applies public
safety to all students equally, in addition to applying the rules of discipline within the
classroom and the school, so that all students in the school experience safety and discipline
rules equally, which is positively reflected with the students’ achievement.

4.4. One-Sample t-Test of School Questionnaire: Factor 3—Parental Support

A one-sample t-test was conducted to examine the Abu Dhabi school principals’
perceptions of factor 3: parental support items (Table 8). These items have five-point
Likert-scale responses, from strongly disagree (coded 5), to strongly agree (coded 1), and
the neutral value of 3.0 is used as the test value. The one-sample t-test shows that the
headmaster has an overall significant positive perception toward factor 3: parental support.
The highest-rated item is parental commitment to ensure that students are ready to learn
(mean = 2.06, SD = 0.745, and p < 0.05), and the lowest-rated item is students’ respect
for classmates who excel in school (mean = 1.85, SD = 0.694, and p < 0.05), However, the
principals express negative perceptions toward parental involvement in school activities
(mean = 3.11, SD = 1.040, and p < 0.05). Overall, the headmaster has a positive perception
toward factor 3: parental support (mean = 2.3159, SD = 0.55927, and p < 0.05) (Table 8).
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Table 6. Descriptive statistics and one-sample t-test for the components of factor 1: general school resources.

One-Sample Statistics and t-Test (Test Value = 2.5)

Items N Mean Std. Deviation Mean Difference t-Value Sig. (2-Tailed) Confident and Not Confident

Factor 1: general school resources 4376 2.42 0.881 −0.083 −6.271 0.000 SN
GEN\SHORTAGE\GEN\INSTRUCTIONAL SPACE 4376 2.54 1.230 0.044 2.347 0.019 N
GEN\SHORTAGE\GEN\HEATING SYSTEMS 4376 2.45 1.253 −0.046 −2.437 0.015 N
GEN\SHORTAGE\GEN\TECHNOLOGICAL STAFF 4321 2.34 1.064 −0.157 −9.671 0.000 SN
GEN\SHORTAGE\GEN\INSTRUCTIONAL
MATERIAL 4376 2.37 1.199 −0.135 −7.429 0.000 SN

GEN\SHORTAGE\GEN\AUDIO-VIDEO RES 4376 2.34 1.063 −0.156 −9.684 0.000 SN
GEN\SHORTAGE\GEN\SCHOOL BUILDINGS 4376 2.53 1.143 0.028 1.640 0.101 N
GEN\SHORTAGE\GEN\SUPPLIES 4376 2.15 1.186 −0.349 −19.481 0.000 SN
GEN\SHORTAGE\MATH\CONCRETE OBJECTS 4297 2.41 0.936 −0.091 −6.349 0.000 SN
GEN\SHORTAGE\GEN\COMP TECHNOLOGY 4346 2.48 1.042 −0.019 −1.194 0.233 N
GEN\SHORTAGE\MATH\TEACH SPEC MATH 4376 2.61 1.302 0.112 5.703 0.000 SP
GEN\SHORTAGE\MATH\LIBRARY RESOURCES 4290 2.37 0.939 −0.131 −9.136 0.000 SN
GEN\SHORTAGE\MATH\CALCULATORS 4286 2.26 1.140 −0.237 −13.602 0.000 SN
GEN\SHORTAGE\MATH\COMPUTER SOFTWARE 4321 2.53 0.986 0.029 1.936 0.053 N
GEN\SHORTAGE\GEN\RESOURCES STD WITH
DISAB 4218 2.35 1.128 −0.147 −8.437 0.000 SN

Note: significant positive [SP], significant negative [SN], neutral [N].



Educ. Sci. 2022, 12, 424 11 of 23

Table 7. Descriptive statistics and one-sample t-test for the components of factor 2: school discipline
and safety (test value = 2.5).

Items N Mean Std. Deviation Mean
Difference t-Value Sig. (2-Tailed) Confident and

Not Confident

Factor 2: school discipline and
safety 4422 1.60 0.492 −0.89869 −121.500 0.000 SP

GEN\DEGREE
PROBS\VANDALISM

4422 1.56 0.732 −0.942 −85.552 0.000 SP

GEN\DEGREE
PROBS\INTIMIDATION OF
TEACHER

4422 1.28 0.558 −1.221 −145.500 0.000 SP

GEN\DEGREE
PROBS\THEFT

4395 1.25 0.532 −1.254 −156.182 0.000 SP

GEN\DEGREE
PROBS\PROFANITY

4340 1.72 0.775 −0.782 −66.521 0.000 SP

GEN\DEGREE
PROBS\INTIMIDATION
AMONG STUD

4366 1.59 0.711 −0.914 −84.941 0.000 SP

GEN\DEGREE
PROBS\PHYSICAL INJURY

4422 1.76 0.729 −0.743 −67.753 0.000 SP

GEN\DEGREE
PROBS\CHEATING

4411 1.51 0.640 −0.994 −103.200 0.000 SP

GEN\DEGREE
PROBS\CLASSROOM
DISTURBANCE

4422 2.06 0.745 −0.436 −38.962 0.000 SP

GEN\DEGREE
PROBS\ARRIVING LATE AT
SCHOOL

4422 1.92 0.672 −0.578 −57.193 0.000 SP

GEN\DEGREE PROBS
TEACH\ARRIVING LATE AT
SCHOOL

4399 1.62 0.837 −0.880 −69.746 0.000 SP

GEN\DEGREE PROBS
TEACH\ABSENTEEISM

4399 1.93 0.882 −0.573 −43.108 0.000 SP

GEN\DEGREE
PROBS\PHYSICAL INJURY
TO TCH

4396 1.10 0.403 −1.400 −230.454 0.000 SP

Note: significant positive [SP], significant negative [SN], neutral [N].

Table 8. Descriptive statistics and one-sample t-test for the components of factor 3: parental support
one-sample statistics and t-test (test value = 3.0).

No Items N Mean Std.
Deviation

Mean
Difference t-Value Sig. (2-Tailed) Confident or

Not Confident

Factor 3: parental support 4422 2.32 0.559 −0.684 −81.338 0.000 SP
GEN\SCH
CHARACTER\TCH
EXPECTATIONS

4356 2.21 0.686 −0.787 −75.767 0.000 SP

GEN\SCH
CHARACTER\TCHRS
ABILITY TO INSPIRE

4332 2.04 0.761 −0.965 −83.410 0.000 SP

GEN\SCH
CHARACTER\TCH
SUCCESS

4356 1.96 0.701 −1.041 −97.982 0.000 SP

GEN\SCH
CHARACTER\STD DESIRE
TO DO WELL

4396 2.31 0.806 −0.689 −56.628 0.000 SP

GEN\SCH
CHARACTER\TCH
UNDERSTANDING

4422 1.82 0.666 −1.177 −117.539 0.000 SP

GEN\SCH
CHARACTER\TCHRS
WORKING TOGETHER

4330 1.99 0.743 −1.008 −89.225 0.000 SP

GEN\SCH
CHARACTER\PARENTAL
COMMITMENT

4422 2.84 0.881 −0.161 −12.182 0.000 SP

GEN\SCH
CHARACTER\PARENTAL
SUPPORT

4422 2.77 0.829 −0.230 −18.440 0.000 SP

GEN\SCH
CHARACTER\ABILITY TO
REACH GOALS

4367 2.36 0.650 −0.640 −65.078 0.000 SP

GEN\SCH
CHARACTER\PARENTAL
PRESSURE

4422 2.42 0.837 −0.582 −46.223 0.000 SP

GEN\SCH
CHARACTER\PARENTAL
EXPECTATIONS

4422 2.40 0.796 −0.597 −49.851 0.000 SP
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Table 8. Cont.

No Items N Mean Std.
Deviation

Mean
Difference t-Value Sig. (2-Tailed) Confident or

Not Confident

GEN\SCH
CHARACTER\PARENTAL
INVOLVEMENT

4422 3.11 1.040 0.114 7.316 0.000 SN

GEN\SCH
CHARACTER\RESPECT
FOR CLASSMATES

4422 1.85 0.694 −1.146 −109.802 0.000 SP

4.5. One-Sample t-Test of School Questionnaire: Factor 4—Principal Experience and Education

A one-sample t-test was conducted to examine the principals’ perceptions on items re-
lated to factor 4: principal experience and education (Table 9). These items have Likert-scale
responses with four and five multiple choice variables, and the neutral values of 2.5 and 3.0,
respectively are used as test values. The one-sample t-test shows that the principals have
a significantly positive perception toward percentage of students in school have as their
native language (mean = 3.71, SD = 1.81, and p < 0.05), and the highest level of formal edu-
cation they have completed (mean = 2.65, SD = 0.675, and p < 0.05). However, the principals
express negative perceptions on degrees in educational leadership (mean = 1.75, SD = 0.435,
and p < 0.05), GEN\DEGREES IN EDUCATION LEADERSHIP\ISCED8 (mean = 1.93,
SD = 0.252, and p < 0.05). Overall, principals have a negative perception toward factor 4:
principal experience and education (mean = 2.3159, SD = 0.55927, and p < 0.05) (Table 9).

Table 9. Descriptive statistics and one-sample t-test for the components of factor 4: principal experi-
ence and education (test value = 1.5 *, 2.5 **, 3 ***).

Items N Mean Std. Deviation Mean
Difference t-Value Sig. (2-Tailed) Confident and

Not Confident

GEN\HIGHEST LEVEL OF
FORMAL EDUCATION
REVERSE**

4389 2.35 0.675 0.148 14.579 0.000 SP

GEN\DEGREES IN
EDUCATION
LEADERSHIP\ISCED 7*

4066 1.75 0.435 −0.754 −110.436 0.000 SN

GEN\DEGREES IN
EDUCATION
LEADERSHIP\ISCED 8 *

3514 1.93 0.252 −0.568 −133.720 0.000 SN

GEN\STUDENTS
BACKGROUND\ECONOMIC
DISADVA **

4177 2.25 1.140 −0.252 −14.266 0.000 SN

GEN\PERCENT OF
STUDENTS <LANG OF TEST>
REVERSE ***

4429 3.71 1.823 0.71212 26.000 0.000 SP

Note: significant positive [SP], significant negative [SN], neutral [N]. *, **, *** Different test values selected for
items with different scales.

4.6. One-Sample t-Test of School Questionnaire: Factor 5—Library and Instruction Resources

A one-sample t-test was conducted to examine the principal’s perceptions on items
related to factor 5: library and instruction resources (Table 10). These items have Likert-
scale responses, and the neutral values of 3.0, 2.0, and 1.5 are used as test values, depending
on the scale ranges. The one-sample t-test results show that the rated items are more than
neutral values. The highest-rated item is approximately how many books (print and digital)
with different titles does your school library have (excluding magazines and periodicals)
(mean = 5.53, SD = 1.05, and p < 0.05). The lowest-rated item is does your school currently
use any incentives (e.g., pay, housing, signing bonus, smaller classes) to recruit or retain
teachers in the following fields (mean = 1.72, SD = 0.451, and p < 0.05). Overall, principals
have a negative perception toward factor 5: library and instruction resources (mean = 2.76,
SD = 0.64013, and p < 0.05) (Table 10).
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Table 10. Descriptive statistics and one-sample t-test for the components of factor 5: library and
instruction resources. One-sample statistics and t-test (test value =1.5 *, 2.5 **, 3 ***, 3.5 ****).

Items N Mean Std. Deviation Mean
Difference t-Value Sig. (2-Tailed) Confident and

Not Confident

Factor 5: library and instruction
resources 4453 2.76 0.640 0.259 27.049 0.000 SP

GEN\HAVE PLACE FOR
SCHOOLWORK * 4453 1.80 0.399 0.301 50.371 0.000 SP

GEN\USE INCENTIVES\MATH 4356 1.72 0.451 0.216 31.615 0.000 SP
GEN\STUDENTS *
BACKGROUND\ECONOMIC
AFFLUEN REVERSE **

4110 2.62 1.199 0.179 9.560 0.000 SP

GEN\MAGAZINES IN
LIBRARY\DIGITAL REVERSE ***

2125 4.27 1.221 0.774 29.217 0.000 SP

GEN\MAGAZINES IN
LIBRARY\PRINT REVERSE ***

4014 3.41 1.106 0.090 −5.153 0.000 SP

GEN\BOOKS IN LIBRARY\DIGITAL
REVERSE **** 1977 5.53 1.060 2.033 85.286 0.000 SP

GEN\BOOKS IN LIBRARY\PRINT
REVERSE **** 4197 2.99 1.245 −0.510 26.558 0.000 SN

Note: significant positive [SP], significant negative [SN], neutral [N]. *, **, ***, **** Different test values selected for
items with different scales.

4.7. School Factors Multiple Regression

Multiple regression analysis was also employed to investigate the influence of school
factors on eighth grade students’ mathematics achievement in TIMSS 2015. The student’s
achievement in TIMSS 2015 was set as the dependent variable, and the five factors selected
as the independent variables. Multiple regression using the enter method was deemed a
suitable analysis method [28]. Before conducting the analysis, the relevant assumptions
of this statistical analysis were examined. Tests conclude that the data meet the premises
of no multicollinearity [29], and no independent errors (Durbin–Watson = 1.527). Further
analysis of standard residuals identifies that the data obtained has no outliers (std. residual
min = −4.159; std. residual max = 3.360). Scatter plots demonstrate that the assumptions of
linearity and homogeneity are all satisfied [30].

A one-way ANOVA was conducted to determine the differences between five plausible
values, and the average of five plausible values (Table 11). Student achievement was
classified into six groups: first plausible value, second plausible value, third plausible
value, fourth plausible value, fifth plausible value, and the average of five plausible values.
In that order, there are no outliers. Data are normally distributed for each group, as
assessed by the Shapiro–Wilk test (p > 0.05), and variances are homogeneous, as assessed
by Levene’s test of homogeneity of variances. In that order, a one-way ANOVA indicates
that the differences between all five plausible values and the average of the five plausible
value groups are not statistically significant (p = 0.876 > 0.05) (Table 11).

Table 11. One-way ANOVA.

Grades Sum of Squares df Mean Square F Sig.

Between groups 16,553.718 5 3310.744 0.361 0.876
Within groups 266,456,192.100 29,023 9180.863
Total 266,472,745.900 29,028

To investigate the effects of school factors (factor 1: general school resources, factor
2: school discipline and safety, factor 3: parental support, factor 4: principal experience
and education, and factor 5: library and instruction resources) on students’ achievement
in TIMSS 2015, a five-stage multiple regression, using the enter method, was deemed a
suitable method of analysis [28]. The purpose of multiple regression is to ascertain the
variation in the dependent variable, clarified by the addition of new variables that are not
dependent. Still, multiple regression can also be utilized to calculate dependent variable
values centered on new values of the variables that are not dependent, and estimate the
amount of change in the dependent variable when one unit of the independent variable
varies. This unit focuses on clarifying the dependent variable’s proportion, while adding
new variables that are not dependent. When explaining and stating findings from multiple
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regression, we operated through three phases: (a) calculating the regression models that
were meant for comparison, (b) deciding whether the multiple regression model was good
for the information, and (c) comprehending the coefficients in the multiple regression
model [21].

Separate five-stage multiple regressions are conducted to investigate school factors’
effects on students’ achievement on TIMSS 2015 (Table 12). Factor 1: general school
resources is entered at stage one of the regressions, as the main predictor, to observe their
effects on students’ achievement on TIMSS 2015. Next, factor 2: discipline and safety is
entered at stage two. Next, factor 3: parental support, is entered at stage three. Next,
factor 4: principal experience and education, is entered at stage four. Factor 5: library and
instruction resources is entered at stage five. This order seems plausible to investigate
school factors’ effects on students’ achievement in the TIMSS 2015 (Table 12).

Table 12. Multiple regression analysis between the five school predictor factors on student achieve-
ment in TIMSS 2015.

Model R R Square Adjusted R
Square

Std. Error
of the
Estimate

Change Statistics
Durbin–
WatsonR Square

Change F Change df1 df2 Sig. F Change

1 0.067 0.005 0.004 90.94611 0.005 19.946 1 4374 0.000
2 0.169 0.029 0.028 89.84590 0.024 108.780 1 4373 0.000
3 0.297 0.088 0.088 87.05131 0.060 286.277 1 4372 0.000
4 0.404 0.163 0.163 83.40089 0.075 392.096 1 4371 0.000
5 0.409 0.168 0.167 83.20074 0.004 22.056 1 4370 0.000 1.256

Note: Dependent variable: students’ achievement in TIMSS 2015.

Before conducting a multiple regression, the relevant assumptions of this statistical
analysis are tested. Firstly, a sample size of 4838 is deemed adequate, given that five
independent variables are included in the analysis; Green [31] suggests the rule of thumb to
determine the number of participants as appropriate via the formula: N > 50 + 8 m (where
m is the number of independent variables). As per this formula, the minimum sample size
required is a number greater than 90 (N > 50 + 8(5)) for a moderate relationship among the
one dependent and five independent variables. An examination of correlations reveals a
statistically significant correlation between achievement and school factors. However, as
the collinearity tests indicate, the data meet no multicollinearity assumption [29].

The multiple regression reveals that in model 1, factor 1: general school resources con-
tributes significantly to the regression model (F (1, 4374) = 19.946, p < 0.01). The prediction
of students’ achievement in TIMSS 2015 (model 1) (R2 = 0.005) accounts for approximately
0.5% of the total variance in students’ achievement in TIMSS 2015. Adding factor 2: disci-
pline and safety to the prediction of achievement (model 2) brings an improvement over
the earlier model, which leads to a statistically significant increase in R2 of 0.029, F (2,
4373) = 64.609, p < 0.01, since it accounts for 2.9% of the total variance. The addition of
factor 3: parental support to the prediction of achievement (model 3) leads to a statistically
significant increase in R2 of 0.088, F (3, 4372) = 141.308, p < 0.01, and accounts for 8.8%
of the total variance. The addition of factor 4: principal experience and education to the
prediction of achievement (model 4) leads to a statistically significant increase in R2 of
0.163, F (4, 4371) = 213.486, p < 0.01, and accounts for 16.3% of the total variance. The fifth
and final model, comprised of all five predictor factors (factor 1: general school resources,
factor 2: discipline and safety, factor 3: parental support, factor 4: principal experience
and education, and factor 5: library and instruction resources), in the prediction of student
achievement on TIMSS 2015 (model 5), leads to a statistically significant increase in R2 of
0.168, F (1, 4370) = 176.022, p < 0.01, and accounts for 16.8% of the total variance (Table 12).

The ANOVA result (Table 13) indicates that there is a significance in each of the five
models (one predictor, two predictors, three predictors, four predictors, and five predictors,
respectively.) It is seen that all five models are significant (p < 0.01). In particular, it
is noted that the F value is the largest for the model with the fourth predictor. The F
values are the overall predictive effects, which are different from the F for the amount of
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changes in achievement when adding a variable. The p-value of 0.000 < 0.01 for models
1, 2, 3, 4, and 5 implies that the regression model is statistically significant, indicating a
significant linear relationship between achievement and general school resources, school
discipline and safety, parental support, principal experience and education, and library and
instruction resources.

Table 13. ANOVA results of the five school factors model—multiple regression analysis.

Model Sum of Squares Df Mean Square F Sig.

1
Regression 164,974.787 1 164,974.787 19.946 0.000 *
Residual 36,178,206.560 4374 8271.195
Total 36,343,181.350 4375

2
Regression 10,43,077.960 2 521,538.980 64.609 0.000 *
Residual 35,300,103.390 4373 8072.285
Total 36,343,181.350 4375

3
Regression 3,212,467.878 3 1,070,822.626 141.308 0.000 *
Residual 33,130,713.470 4372 7577.931
Total 36,343,181.350 4375

4
Regression 5,939,776.587 4 1,484,944.147 213.486 0.000 *
Residual 30,403,404.760 4371 6955.709
Total 36,343,181.350 4375

5
Regression 6,092,453.549 5 1,218,490.710 176.022 0.000 *
Residual 30,250,727.800 4370 6922.363
Total 36,343,181.350 4375

Note: Dependent variable: achievement. * The models are significant at the 0.01 level (2-tailed).

For general school resources, tolerance = 0.922, and VIF = 1.084; factor 2: discipline and
safety, tolerance = 0.848, and VIF = 1.179; factor 3: parental support, tolerance = 0.839, and
VIF = 1.191; factor 4: principal experience and education, tolerance = 0.942, and VIF = 1.061;
and for factor 5: library and instruction resources, tolerance = 0.927, and VIF = 1.079.
Furthermore, the data meet the assumption of independent errors (Durbin–Watson = 1.350).
An analysis of standard residuals is carried out, which indicates that the data contains no
outliers (standard residual min = −3.757, standard residual max = 3.853). Residual and
scatter plots indicate the assumptions of linearity and homogeneity are all satisfied [30].

From Table 14, the results of the multiple regression model with five plausible values
from student achievement in mathematics show the coefficients for the constant and the five
predictors of student achievement in TIMSS 2015. The regression slopes (B) and significance
values (alpha) are used to discuss the final model, combining the five factors on student
achievement (average). These values are as follows:

(1) Constant average score for B = 693.615, p = 0.000: significant;
(2) General school resources B = −0.225, p = 0.880: not significant;
(3) School discipline and safety B = −9.947, p = 0.000: significant;
(4) School parental support B = −40.998, p = 0.000: significant;
(5) Principal experience and education B = −48.932, p = 0.000: significant;
(6) School library and instruction resources B = −9.545, p = 0.000: significant.

The best-fitting model for predicting student achievement in the TIMSS 2015 from the
analysis above is the linear combination of the constant, factor 1: general school resources,
factor 2: discipline and safety, factor 3: parental support, factor 4: principal experience and
education, and factor 5: library and instruction resources for instruction.
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Table 14. Multiple regression analysis for five school predictor factors on student achievement in TIMSS 2015.

No. Models Average of 5 PVs 1st PV 2nd PV 3rd PV 4th PV 5th PV

B Sig B Sig B Sig B Sig B Sig B Sig

1 (Constant) 447.294 0.000 447.93 0.000 446.021 0.000 447.881 0.000 445.434 0.000 449.198 0.000

General School Resources −6.972 0.000 −7.131 0.000 −6.4331 0.000 −6.992 0.000 −6.878 0.000 −7.483 0.000

R Square 0.004 0.004 0.004 0.004 0.004 0.005

2 (Constant) 488.188 0.000 488.33 0.000 487.083 0.000 488.564 0.000 488.333 0.000 488.623 0.000

Factor 1: General School Resources −4.733 0.002 −4.918 0.002 −4.182 0.010 −4.529 0.004 −4.529 0.006 −5.270 0.001

Factor 2: Discipline and Safety −28.959 0.000 −28.61 0.000 −29.078 0.3000 −28.809 0.000 −30.378 0.000 −27.918 0.000

R Square 0.0028 0.026 0.026 0.026 0.028 0.026

3 (Constant) 562.567 0.000 560.84 0.000 562.200 0.000 564.003 0.000 562.381 0.000 563.404 0.000

Factor 1: General School Resources −6.381 0.000 −6.52 0.000 −5.847 0.000 −6.436 0.000 −6.170 0.000 −6.927 0.000

Factor 2: Discipline and Safety −11.308 0.000 −11.40 0.000 −11.252 0.000 −10.906 0.000 −12.806 0.000 −10.172 0.000

Factor 3: Oarental Support −42.687 0.000 −41.61 0.000 −43.110 0.000 −43.295 0.000 −42.497 0.000 −42.917 0.000

R Square 0.088 0.079 0.081 0.081 0.081 0.082

4 (Constant) 669.083 0.000 667.05 0.000 670.777 0.000 671.683 0.000 669.531 0.000 666.375 0.000

Factor 1: General School Resources −1.376 0.349 −1.535 0.318 * −0.745 0.631 * −1.377 0.379* −1.135 0.467 −2.089 0.175*

Factor 2: Discipline and Safety −9.157 0.001 −9.258 0.001 −9.060 0.002 −8.733 0.003 −10.642 0.000 −8.093 0.005

Factor 3: Parental Support −43.128 0.000 −42.05 0.000 −43.560 0.000 −43.741 0.000 −42.941 0.000 −43.344 0.000

Factor 4: Principal Experience and
Education −47.144 0.000 −47.00 0.000 −48.056 0.000 −47.659 0.000 −47.424 0.000 −45.574 0.000

R Square 0.163 0.149 0.152 0.149 0.150 0.147 0.000

5 (Constant) 693.615 0.000 692.79 0.000 695.514 0.000 695.535 0.000 697.471 0.000 692.763 0.585 *

Factor1: General School Resources −0.225 0.880- −0.327 0.833* 0.415 0.791 * −0.258 0.571 * −0.106 0.947 −0.851 0.002

Factor 2: Discipline and Safety −9.947 0.000 −10.087 0.000 −9.857 0.001 −9.501 0.001 −11.349 0.000 −8.943 0.000

Factor 3: Parental Support −40.998 0.000 −39.820 0.000 −41.415 0.000 −41.670 0.000 −41.036 0.000 −41.052 0.000

Factor 4: Princaipal Experience and
Education −48.932 0.000 −48.882 0.000 −49.860 0.000 −49.398 0.000 −49.024 0.000 −47.499 0.000

Factor 5: Library and Instruction
Rescources −9.545 0.000 −10.016 0.000 −9.625 0.000 −9.280 0.000 −8.536 0.000 −10.267 0.000

R Square 0.167 0.153 0.156 0.153 0.153 0.151

Note: * B is not significant at the 0.01 level (2-tailed). Dependent variable: achievement (5 plausible value mathematics).
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Model 1:
Achievement in math = 693.615 − 0.225 (general school resources) − 9.947 (school dis-

cipline and safety) − 40.998 (school parental support) − 48.932 (school principal experience
and education) and − 9.545 (school library and instruction resources).

This model indicates that for every one unit increase in general school resources,
the achievement declines by 0.225; for one unit increase in school discipline and safety,
the achievement declines by 9.947; for one unit increase in school parental support, the
achievement declines by 40.998; for one unit increase in school principal experience and
education, the achievement declines by 48.932; and for one unit increase in the school
library and instruction resources, the achievement declines by 9.545.

In addition, p-value = 0.880 > 0.01 is not a significant level for general school resources;
p-value = 0.000 < 0.01 is a significant level for discipline and safety; and p-value = 0.000 < 0.01
for parental support, school principal experience and education, and school library and
instruction resources implies that school discipline and safety to the school library and
instruction resources are statistically significant and, therefore, have a significant impact on
achievement, while general school resources is not statistically significant. Meanwhile, the
variance inflation factor for general school resources to the school library and instruction
resources is less than five. This shows no multicollinearity among the explanatory variables
that satisfy the assumptions that there should not be multicollinearity.

5. Discussion
5.1. General School Resources

School questionnaire results reveal that factor 1: general school resources does not
significantly impact students’ achievement in the TIMSS 2015 (B = −3.127, p (0.048) > 0.01).
The one-Sample t-test shows that the principal has a negative perception of factor 1: general
school resources (mean = 2.4165, SD = 0.88074, and p < 0.05). This finding is in contrast
to the results of previous studies. Alenezi [32] finds that general school resources are
defined as facilities and services to achieve engaging and effective learning experiences.
The technology of instruction plays a significant role in helping students understand what
is required of them and effectively approach problem-solving. Similarly, Alenezi [32] also
finds that instruction technology significantly improves students’ learning experience.

In Abu Dhabi schools, the school teachers require support and time to use recent tech-
nologies and strategies to improve their work, before learning to use them in the teaching
process [33]. It is essential to understand the significance of instructional technology in
helping eighth grade students perform well in mathematics in the TIMISS. Also, Abed [34]
spots the significance of understanding students’ level of math anxiety in the UAE students.
Technology may help in reducing such math anxiety, with flexible and multiple learning
tools. These students are more able when it comes to using them than previous genera-
tions. Technological developments produce novel and advanced techniques to present and
instruct students, and there is also a demand for integrating instructional technology in
teaching mathematics.

In a study of eighth grade students, it is shown that it is possible to guide students to
perform well on mathematics assessments, through the use of educational technology [35].
The students were given training for the Virginia Standards of Learning Mathematics tests
by using computer technology and software related to the subject, by providing them access
to various websites. When properly used, technology helps teachers present concepts to
students more efficiently, and helps students learn with more convenience [36]. Technology
also allows students to learn math in a more dynamic way [37]. Nowadays, students are
getting many opportunities to connect with technology, as they can have access to it both
in school and at home. Most of them are attracted to it by using their iPad, cell phone, or
laptops, and they always remain in contact with some form of it. Applying technology in
teaching to intensify students’ yearning to study and comprehend mathematics indeed
nourishes their cravings to remain in close contact with technology, which positively affects
their learning and performance in standardized tests [38,39].
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5.2. Discipline and Safety

School discipline and safety significantly impact students’ achievement in the TIMSS
2015 (B = −8.329, p (0.004) < 0.01). One-sample t-test results show that principals have a
positive perception of factor 2: school discipline and safety (mean = 1.6013, SD = 0.49186,
and p < 0.05). This finding is consistent with the findings of Huguley et al. [40], which show
that an eighth grade student needs to be optimally disciplined and, at the same time, feel
safe to perform well. The school administration and the teachers are responsible for coming
up with rules to be followed in school. They also have the responsibility of providing
the students with the necessary safety. When discipline and safety are enhanced, a better
learning environment is created, which directly translates to improved performance [41].

Young students in the eighth grade might not fully understand the importance of
discipline. These students have a lot of energy, and they want to experiment in different
ways. This leads to indiscipline, and can easily result in a lack of safety [42]. If discipline is
instilled correctly, and the necessary safety is provided, they perform better. Indiscipline
is cited as one of the primary factors that leads to distractions and, therefore, results in
poor performance [43]. Safety also plays an integral role where students feel safer meaning
they are able to perform well [44]. Kibriya et al. [45] find that safety positively impacts
the performance of students in some African countries. There are negative effects of a
potentially unsafe classroom and school environment on achievement in math and other
disciplines among Rwandan and Tanzanian students [45].

The most critical factors appear to be students’ concerns about school discipline, their
relationships with teachers, and their concerns about classroom disruption [46]. Past stud-
ies link safety issues in schools with low performance of students in mathematics [47].
According to this structure, the traditional way of dealing with indiscipline, mainly in
the classroom, seems insufficient. It suspects that the school-level indiscipline, such as
vandalism and illegal use of drugs, may provide shelters or excuses for classroom mis-
behavior. Classroom disruption can also be a natural reflection of the conflict or tension
between teachers and students, and affects mathematics achievements [48]. In other words,
if the disciplinary climate is unhealthy at the school level, it may well be problematic at the
classroom level. These results of discipline and safety align with the conceptual framework
of this research. The school applies public safety to all students equally, in addition to using
the rules of discipline within the classroom and the school, so that all students in the school
are equal in terms of all safety and discipline rules that are positively reflected with the
student’s achievement.

5.3. Parental Support

Parental support significantly impacts students’ achievement in TIMSS 2015 (B =
−31.846, p (0.000) < 0.01). A one-sample t-test shows that principals have a positive
perception toward factor 3: parental support (mean = 2.3159, SD = 0.55927, and p < 0.05).
This finding is somewhat consistent with the results of Davis and Carlo [49], who report
that parents play a significant role in students’ education in data collection and analysis,
they are an integral part of a student’s performance, and approximately 60% offer a valid
response to parental influence on mathematics performance. Davis and Carlo [48] use a
simple t-test to determine whether parental support impacts the overall performance of the
students in TIMSS. They acquire an overall mean of 2.245, which is <2.5; these results show
that parental support has a negative impact on the average performance of the students.
Eldeeb [50] reports a high level of parental involvement in the children’s educational
outcomes in the same vein. For 60% of the parents (48.6% of whom are highly-educated),
parental time with children varies from 3 to 5 h daily. Yet, 57.2% of these parents are
aware that they are partly responsible for their children’s educational outcomes, with 52.3%
deflecting their low academic achievement in schools [51].

Parents in Abu Dhabi play a significant role in supporting their children in mathe-
matics performance in eighth grade because parents’ support involves certain attributes,
such as monitoring their children and motivating them in mathematics content, counseling
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in relation to mathematics, and providing resources [52]. It is crucial to understand that
students with supportive parents tend to perform better in mathematics, and develop a
positive attitude towards it [53]. Ridge [54] explains that students with non-supportive par-
ents are likely to develop negative attitudes towards mathematics, hence, perform poorly
in it. Students with parents who are motivators, resource providers, and good monitors of
their children are better in their mathematics performance. Therefore, parents may have
a significant role in ensuring their children achieve better performance when it comes
to mathematics, just by being supportive, motivators, resource providers, good advisors,
and counselors. Khamis et al. [55] state that parental expectations could be connected to
parental pressure, which could have different results, depending on whether it is positive or
negative. Research shows that a significant positive predictor of student math achievement
is how much parents restrict out-of-school activities [56].

5.4. Principal Experience and Education

School principals with experience and high education qualifications significantly
impact students’ achievement in TIMSS 2015 (B = −30.126, p (0.000) < 0.01). A one-
sample t-test shows that the principals have a positive perception of factor 4: principal
experience and education (mean = 2.3159, SD = 0.55927, and p < 0.05). This finding is
consistent with the results of Huguley et al. [40] in those principals with 20 years and
above having a positive perception and awareness of students’ achievement. Lubienski,
Lubienski, and Crane [57] report similar findings, and they observe that principals with
higher qualifications portray the school climate as positive, to obtain higher achievement
scores. Similarly, Gentilucci and Muto (Ref. [58]) suggest that students identify direct
and highly influential instructional leadership behaviors. Among these are principal
approachability, interactive classroom observation/visitation, and instructional leadership
behaviors that firmly establish administrators as the “principal teachers” in their respective
schools. According to Incikabi et al. [59], the principal’s experience plays a vital role in
determining and influencing teachers’ professional development. That reflects in teachers
helping their students achieve better performance in their education [60].

Vale et al. [61] report that principals significantly affect students’ math outcomes.
Much of the effect is likely related to the match between the principal and the school; a
principal’s education also plays a small role in improving students’ scores. Principals with
high value-added increase test scores, while low value-added or new principals reduce
scores [62]. Despite examining a variety of school inputs and outcomes, we could find only
part of the puzzle to help us disentangle the contributions that high- and low-value-added
principals make to their schools and students [63].

5.5. Library and Instruction Resources

Library and instruction resources significantly affects students’ achievement in the
TIMSS 2015 (B =−9.784, p (0.000) < 0.01); and a one-sample t-test shows that principals have
a negative perception toward factor 5: library and instruction resources (mean = 2.7595, SD
= 0.64013, and p < 0.05). This finding is consistent with Oddone’s [64] study that shows that
students obtain only about 20% of their learning through teaching. The student’s responsi-
bility is to research and find more details regarding what is taught in class. Oddone [64]
conducted an ANOVA test where students were examined, and it is determined that stu-
dents obtain 80% insight from the library and only 20% from class teaching. Therefore,
library and instructional resources need to be provided for a student to learn mathematics
more effectively.

Some of the most critical components that affect performance in a TIMSS class include
library and instruction resources. So, in Abu Dhabi schools, students need resources that
provide more insight in addition to what is taught in the class. The resources are also helpful
because they can be used at almost any time. This study shows that students with access to
these resources tend to perform better. The schools have the responsibility of providing
these resources. A student can also decide to acquire these resources independently, to
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better his or her education. Library resources complement the education provided in class.
A student can use these resources to practice what was taught in class. The student needs
to choose the appropriate resources that resonate with the lessons learned in class [57].
Al-Yateem [44] reports library services as one of the services needed to upgrade students’
knowledge. It is a place for self-development.

The finding is similar to studies conducted in the past to understand the concept
of library services in the school setting. Most of the studies describe library services in
different versions [65]. A library is a place where necessary materials (print and non-print
materials) are put in place for self-development. A library is the collection of newspapers,
books, tapes, television, etc., which are kept for students and staff to use during and after
school hours. The library is essential in the learning process. The books control the learning
process. The academic library aims to enhance users’ knowledge for their betterment [66].

The five factors related to school and classroom environment, together with leadership
quality of school principals, seem to have a significant role in students’ achievement
in mathematics in TIMSS 2015, and possibly other years too. While considering school
planning and educational polies, other factors such as mathematics teachers’ perceptions of
TIMSS [39], and interdisciplinary approaches to collaboration, communication, and creative
educational practices could be enhanced, with greater prospects, decentralized priorities,
and STEM/STEAM movement as a process [67] to improve students’ achievement in
mathematics and science in TIMSS, PISA, and PIRLS. Therefore, these five school factors
should be studied in conjunction with other factors related to teachers, students, parents,
and interdisciplinary activities.

6. Conclusions

This study aimed to examine how school factors influenced students’ performance
in the Trends in International Mathematics and Science Study (TIMSS) in schools in the
Emirate of Abu Dhabi, in the UAE. A total of 4838 eighth grade students, with 2172 females,
2666 males, and 156 Abu Dhabi school principals, taken from TIMSS 2015, data were
the sample in the study. Principal component analysis (PCA) was used on 77 questions
from a school questionnaire that was given to school administrators in order to gather
information about the teaching and learning environments in their schools. One sample
t-tests were performed for each of the five components, such as general school resources,
school discipline and safety, parental support, principal experience and education, and
library and instruction resources, to understand the participant views about the school
environment. Overall, the school principals seem to possess a negative perception toward
general school resources, principal experience and education, and library and instruction
resources indicating these factors are not adequate to support schools. However, they have
a positive perception toward school discipline and safety, and parental support to schools,
indicating that these factors are important for maintaining the school environment. The
multiple regression models show that all the five models are statistically significant by
entering one, two, three, four, and five independent variables, such as those named above.
One factor, general school resources, is a statically significant factor when combined with
the other four or five factors to predict students’ achievement in mathematics (in models 4
and 5). This also indicates a significant linear association between students’ achievement
and school factor characteristics in TIMSS 2015. There is a need to increase and improve
school-related activities, and create a conducive atmosphere in which children can learn and
improve their academic accomplishments in TIMSS, and other national and international
tests in the UAE in general, and the Emirate of Abu Dhabi in particular.
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