International Journal of English Linguistics; Vol. 9, No. 4; 2019
ISSN 1923-869X E-ISSN 1923-8703
Published by Canadian Center of Science and Education

Assessment of Optimal Pedagogical Factors for Canadian ESL
Learners’ Reading Literacy Through Artificial Intelligence Algorithms

Ya Xiao' & Jie Hu'

! Department of Linguistics and Translation, School of Linguistics and Translation, Zhejiang University,
Hangzhou, China

Correspondence: Jie Hu, Department of Linguistics and Translation, School of International Studies, Zhejiang
University, Hangzhou, 310058, China. ORCID: http://orcid.org/0000-0003-2219-2587 E-mail: huj@zju.edu.cn

Received: April 23,2019  Accepted: May 18,2019  Online Published: June 12, 2019
doi:10.5539/ijel.vondpl URL: https://doi.org/10.5539/ijel.vOndp1

Abstract

The current study explored the effective pedagogical factors that distinguish high-achieving from low-achieving
ESL (English as a second language) primary school learners in reading literacy in Canada. In total, 203 samples
(167 high-achieving learners and 36 low-achieving learners from 128 primary schools) in the 4th grade were
drawn from the public database of Progress in International Reading Literacy Study (PIRLS) 2016, which is the
benchmark for large-scale assessments of reading literacy targeting fourth-grade students. For the first time in
the ESL-related research, this study applied an artificial intelligence approach, support vector machine (SVM), to
concurrently analyze 41 pedagogical factors associated with reading materials, classroom organization, reading
strategies, in-class reading activities and post-reading activities. The overall 41 factors collectively distinguished
the high-achieving readers from the low-achieving readers with a high accuracy score (0.793) via SVM. Then,
these 41 factors were ranked according to their contribution to the SVM model through SVM-based recursive
feature elimination (SVM-RFE). Eventually, an optimal factor set was selected by the SVM-RFE cross
validation, which contained 10 effective pedagogical factors centered on reading materials, reading strategies
and in-class reading activities for fourth-grade high-achieving ESL learners in reading literacy. Suggestions
based on solid data analysis would facilitate infrastructural and pedagogical improvements in ESL reading
education.

Keywords: effective pedagogical factors, support vector machine, ESL high-achieving learners, reading literacy,
PIRLS 2016

1. Introduction

Pedagogical effectiveness has been enjoying a high profile in reading education because it leads to reading
excellence by substantially improving students’ literacy achievements in a sustained way (Gallagher, Malloy, &
Ryerson, 2016). Compared with reading education for natives, English as a second language (ESL) reading
education has a higher demand for teachers’ knowledge on pedagogical effectiveness because of ESL students’
language disadvantage (Xu, 2015). As one of the most influential large-scale global assessments, Progress in
International Reading Literacy Study (PIRLS) regularly assesses the 4th-grade students’ reading literacy every
five years in the worldwide since 2001. PIRLS provides rich data covering student-, school-, teacher- and
parent-levels, and these data have opened up a new area of research on the pedagogical factors of students’
reading performance and facilitated the consummation of educational policies (e.g., Hopfenbeck et al., 2017;
Lenkeit, Chan, Hopfenbeck, & Baird, 2015; Mullis & Martin, 2015; OECD, 2017). However, the effectiveness
of pedagogical factors on learners’ reading literacy may vary based on the different language backgrounds of
learners; moreover, among current PIRLS studies, ESL-related studies are very few. Moreover, at the 4th-grade
level, a high level of reading literacy is a major advantage for future academic achievement while a low level
constitutes a difficult obstacle to participating fully in society (Alivernini, 2013). Investigations targeting reading
excellence can bring innovative insights to narrow the reading achievement gap. Therefore, the current study
aims to identify the effective pedagogical factors that contribute to high achievement among ESL learners based
on the PIRLS 2016, which is the latest wave of the test.

1.1 Influence of Pedagogical Factors on ESL Learners’ Reading Literacy

Students’ language backgrounds play a prominent role in reading literacy. When students are nonnative speakers
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of the instruction language, usually an initial gap is formed between the native speakers and the nonnative
speakers (Muriel, 2011). Limited language proficiency likely causes processing difficulties of reading materials
written in the second language (L2) for L2 learners (Horiba & Fukaya, 2015). Under this circumstance, students’
different language backgrounds call for corresponding pedagogies on their reading literacy.

In effect, studies on the pedagogical factors that influence the reading literacy of ESL students have emerged and
attracted the attention of educators and researchers. Similar to the research findings on native learners, ESL
students’ class participation is essential for improving their reading performance because group work is
particularly effective in improving ESL students’ motivation and engagement in reading in the primary grades.
During collaborative activities, such as in-class discussion, students interact with teachers and peers, question the
reading materials, hold polite disagreements, enrich each other’s arguments, and use textual evidence to
convince others (Moses, Ogden, & Kelly, 2015). Unique to ESL learners, oral reading fluency, i.e., the capability
to read text with meaningful expression quickly and accurately, is an integral component of ESL primary reading
classes. This pedagogy can significantly improve the reading comprehension of ESL learners (Draper & Spaull,
2015). In addition, encouraging students to discuss the understanding of texts orally in class has been proven to
achieve better reading results than a systematic phonetic teaching and ICT-assisted reading interventions
(Adesope, Lavin, Thompson, & Ungerleider, 2011). Furthermore, building knowledge from the known to the
unknown is particularly effective in ESL reading teaching since the activation of students’ cultural background
knowledge would facilitate meaning construction in reading (Sidhu, Kaur, & Fook, 2018). Therefore, providing
reading materials embodied with eastern ideology and teacher-centered pedagogy is especially facilitative in
improving the reading literacy of ESL learners from Asia (Beneville & Li, 2018). Additionally, encouraging the
development of the first language (L1) reading literacy of ESL learners is also associated with high-level of
reading literacy, especially in the case of contrastive analysis with dual-language books.

1.2 Influence of Pedagogical Factors on Reading Literacy in PIRLS

PIRLS is an international assessment of fourth-grade students’ reading literacy, which has been launched by the
International Association for the Evaluation of Educational Achievement (IEA) every five years since 2001.
Reading literacy in PIRLS is defined as the ability to retrieve explicitly stated information, make straightforward
inferences, interpret and integrate ideas and information, and evaluate and critique content and textual element
(Mullis & Martin, 2015). Students are categorized into 5 levels according to their test scores. Specifically, Level
3 students (scoring between 475 and 550) represent the intermediate benchmark in reading literacy. Levels 4 and
5 students (scoring at and above 550) are high-achieving readers who are above the intermediate international
benchmark, while Levels 1 and 2 students (scoring below 475) are low-achieving readers who are below the
intermediate benchmark.

The general impact factors contributing to the reading achievement in PIRLS have been explored. Specifically, a
diachronic research has been conducted in the Netherlands based on PIRLS 2001, 2006 and 2011 (Netten,
Voeten, Droop, & Verhoeven, 2014), and it finds that a decline in reading literacy occurs over time largely
because of the gender, socioeconomic status and educational factors of students’ early literacy abilities cultivated
at home. Additionally, how children are cultivated at home exerts a non-negligible influence on children’s
reading motivation and self-efficacy, which suggests that parents not only to provide children with rich reading
materials but also proper instructions (Cheung et al., 2017). Moreover, the gap of reading literacy between he
native speakers and immigrants in PIRLS has also attracted research attention. Schnepf (2007) finds that
immigrants fare better in reading assessment than natives in Continental European countries caused by school
segregation; in contrast, this study also reveals that immigrants receive lower reading scores in English-speaking
countries due to inadequate language skills. Lenkeit, Caro and Strand (2015) supplement Schnepf’s findings by
conducting a study in England and find that the poorer reading performance of immigrants relative to natives is
mainly due to their inferior family socioeconomic status.

Research studies on the effectiveness of pedagogical factors that influence reading literacy in PIRLS are far from
abundant, and the existing results on this research theme are not consistent. Joseph, Cheung and Raymond (2009)
suggest that focusing on using various types of reading materials and teaching different reading strategies may
not necessarily improve students’ reading literacy and that teachers should arrange courses that can facilitate the
identification of low achievers. In contrast to their findings, Cheung, Tse, Lam and Loh (2010) find that
instruction in reading strategies is an effective pedagogical factor and teachers’ assessment practices and
in-service training are helpful for enhancing Hong Kong students’ reading literacy in PIRLS 2006. Moreover, the
above-mentioned research efforts on PIRLS scarcely distinguish between 4th-grade high achievers and low
achievers of reading literacy. However, extreme levels of reading literacy, especially the high-achieving ESL
learners, do deserve particular attention since relevant findings would certainly offer innovative insights and lead
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to educational excellence for educators and policymakers around the world (Jerrim, 2015). A pioneering study by
Alivernini (2013) has shed light on the high-achieving and low-achieving readers in PIRLS with the discovery
that the discrepancy in reading performance could be predicted by the interrelationships between student-level
factors (e.g., students’ reading attitude and self-concept), home-level factors (e.g., home educational resources),
school-level factors (e.g., ratio of students from wealthy family) and country-level factors (e.g., primary school
teachers’ salaries). However, the school-level factors in Alivernini’s study (2003) mainly focus on the economic
context of the school rather than the pedagogical factors.

1.3 Research Questions

Generally, very few previous studies have examined pedagogical factors influencing extreme levels of reading
literacy among primary school students, and none has focused on the ESL learners’ reading literacy in PIRLS.
Therefore, the current study fills the research gap by focusing on the effective pedagogical factor set
distinguishing high- from low-achieving ESL primary school readers. Particularly, students’ language
background is used as the main independent variable to determine the ESL learners, and it is based on the
background information provided by the student questionnaire in PIRLS 2016. Therefore, the ESL cohort is
grouped into the high-achieving readers and the low-achieving readers using the PIRLS international reading
literacy benchmark. Two research questions are posed in this study: (1) Can fourth-grade ESL learners with
high-achieving reading literacy be distinguished from those with low-achieving reading literacy by pedagogical
factors? (2) If so, which pedagogical factors compose an optimal factor set with collective effect on
high-achieving ESL learners?

2. Materials and Methods
2.1 Sample

The sample was drawn from the PIRLS 2016 dataset (URL:

https://timssandpirls.bc.edu/pirls2016/international-database), which is the latest PIRLS dataset released in

December 2017. Amongst the 50 participating countries and 11 benchmarking regions, 5 majority

English-speaking countries (United States, United Kingdom, Canada, Australia and New Zealand) (Nossal, 2012)
were all included. It was found that Canada is the only country with valid language background information

accessible to the public; therefore, Canada (without Quebec) was taken as the sampling ESL country. According

to students’ responses of language background in the PIRLS 2016 questionnaire, a total of 203 ESL learners (167

high-achievers and 36 low-achievers) who were not born in Canada (question item of ASBHO3A in the PIRLS

questionnaire) and whose main language before attending school was not English (question item of ASBH04A in

the PIRLS questionnaire) were eventually selected as the samples.

2.2 Variables

In this study, the dependent variables were the reading scores of the two cohorts of students, namely, the
high-achieving learners at Levels 4 and 5 and the low-achieving learners at Levels 1 and 2. The independent
variables were the coded responses from the teacher questionnaire in PIRLS 2016. Five categories of predictors
related to ESL reading teaching were recognized from the PIRLS and included in this study: the choice of
reading materials, the organization of the class, the instruction of reading skills or strategies, and the design of
in-class reading activities and post-reading activities. The controlling variables included the students’ grade, the
birth country and the spoken language before entering school. In addition, class size was included as a covariate
(see Appendix A).

2.3 Support Vector Machine (SVM) Modeling
2.3.1 Reason for Selecting SVM

Belonged to artificial intelligence, the machine learning algorithm excels in binary classification with complex
variables of multiple dimensions, which is an excellent technique in data mining. There are two forms of
machine learning techniques: unsupervised (known as descriptive) and supervised (known as predictive).
Supervised learning trains a model with labeled input and output data so that it can predict future outputs,
whereas unsupervised learning finds underlying meaningful patterns in input data only (Jordan & Mitchell,
2015). In the statistical classification, classification and regression trees (CART) and SVM are two symbolic
supervised learning methods of data classification and pattern recognition; however, data analysis in CART is a
logic-based analysis, whereas SVM is a rule-based data analysis. CART has been successfully used to analyze
PIRLS datasets (Alivernini, 2013), and SVM has recently been effectively utilized in analyzing mathematics
literacy in another international benchmark of Program for International Students Assessment (Gorostiaga &
Rojo-Alvarez, 2015). CART offers the advantage of providing a straightforward illustration of the correlation
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among variables by automatically detecting the complex interaction effects among them (e.g., Alivernini 2013).
However, CART has a high potential for over-fitting, or producing a result corresponding too closely or even
exactly to a particular dataset, and it may fail to predict additional datasets reliably; moreover, the decision tree
of CART is easily affected by small changes to data due to its own hierarchical splitting structure; the
classification performance of CART is less consistent than SVM (Shao & Lunetta, 2012). Therefore, SVM was
applied in this study because it substantially outperforms CART, which can provide higher overall classification
accuracy and less variability due to its robust outliner deletion capability.

2.3.2 Construction of SVM model

SVM is an advanced machine learning algorithm that is superior in classification by constructing a theoretical
hyperplane to best separate two groups of multidimensional descriptors, i.e., descriptors with more than one
feature (Cortes & Vapnik, 1995). Supposing there is a descriptor, then the theoretical hyperplane is formed by
discovering another descriptor v and a parameter that can minimize IvI* and satisfy the following equations.

v¥a+q =+1 for positive data @)
v¥a+q =+1 for negative data 2)

More intuitively, to divide the descriptors more accurately, the overall distance between all vectors and the
hyperplane should be the largest. Namely, the optimal hyperplane should be right in the middle of the vectors
closest to this hyperplane. These vectors are the so-called support vectors, and the data are dichotomized using
maximum margin formed by support vectors as shown in Figure 1.

X2 | Support vectors

X1

Figure 1. Visualized representation of the support vector machine in two-dimensional space

This optimal hyperplane is found with the kernel function embodied in SVM. When the samples are linearly
non-separable, the Mercer kernel for the linear kernel function can be used to map the input samples to a
high-order feature space (Chen, Zhang, Wei, & Hu, 2019). Figure 2 visualizes the mapping process realized by
the kernel function embodied in SVM.

1
10 O
Kernel function i
1 (0]
\b d
i | &
7 At
>4 <>
/’ <

Figure 2. Graphical illustration of the mapping process by the Kernel Function in SVM

To avoid data overfitting, a five-fold cross-validation was implemented in this study. When dealing with
multidimensional variables, machine learning algorithms construct a statistical model of sample data, which is
called “training data”, to explore the systematical relationships between variables, and to predict a consistent
pattern (Larose & Larose 2015). Therefore, the whole dataset was divided into five parts and five SVM models
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were implemented. In each fold, each part was predicted one time using the rest four training parts. The formulas
for producing the scores of the accuracy, sensitivity and specificity are provided as follows:

Accuracy = (TN+TP)/(TP+TN+FP+FN) 3)
where:
TN (true negative) stands for the correctly predicted bad performers.
TP (true positive) stands for the correctly predicted good performers.
FP (false positive) stands for the wrongly predicted good performers.
FN (false negative) stands for the wrongly predicted bad performers.
The measurement of accuracy is assessed as the main indicator of the model performance.

SVM has gained wide popularity in the research fields of medical science, computational biology, finance and
geoscience. However, the application of machine learning approaches in the humanities is a rare occurrence,
which is most likely due to technical difficulty (Jin, Li, Chen, Li, & Hu, 2015), where qualitative analysis is
commonly applied to subjects such as corpus linguistics (Chen, Yan, & Hu, 2019; Xiao, Li, & Hu, 2019). Wei,
Yang, Chen and Hu (2018) has explored changes in students’ learning styles using SVM. Enlightened by their
efforts, the current study resorts to LIBSVM (URL: https://www.csie.ntu.edu.tw/~cjlin/libsvm/), a software
package that facilitates the access to SVM by providing many default parameters that prevent certain errors
(Chang & Lin, 2011).

Proposed by Guyon, Weston, Barnhill and Vapnik (2002), SVM-recursive feature elimination (SVM-RFE) is an
SVM-based feature selection algorithm. RFE is based on the conception to repeatedly construct a new model by
removing the weakest feature each time until all features are exhausted. When the final SVM-RFE model is
constructed, the contribution of each feature to the formation of the optimal hyperplane can be calculated and
then the ranking of features is formed. However, the number of valid features in the final model is unknown in
advance. In order to get the certain number of features in the optimal feature set, RFE-cross validation (RFE-CV)
was implemented to score different feature collections and select the feature subset with the highest score.

2.4 Data Analysis Procedure

In this study, raw data were preprocessed by first deleting a small number (N = 30) of observations with missing
values in most columns, integrating the student-level variables and the teacher-level variables via Microsoft
Office Access, and then assigning dummy variables 1 and 0 to the high-achieving ESL learners and the
low-achieving ESL learners, respectively.

This study conducted a four-step statistical analysis procedure using the publicly free computing program of
Python 3.5. First, the whole set of 41 factors were input into the SVM model to examine whether the accuracy
score would indicate a distinguishable relationship between the two cohorts (high- and low-achieving learners)
caused by pedagogical factors. Second, SVM-RFE was utilized to rank the 41 pedagogical factors according to
their contribution to the SVM classification model. Third, RFE-CV was utilized to select the optimal feature set
that contributes most to the distinction and visualize the certain number of selected features. Fourth, since
teachers’ responses were coded from 1 to 4 (1: Every day or almost every day; 2: Once or twice a week; 3: Once
or twice a month; and 4: Never or almost never) for the frequency of using these pedagogical practices, the ratio
of the recurrence of students’ coded answers among high-achieving learners to their recurrence among
low-achieving students was computed to indicate the positive or negative influences exerted by pedagogical
factors. If the ratio was greater than 1, then this pedagogical factor positively influences high-achieving learners’
reading literacy.

3. Results

The overall SVM model achieved an accuracy rate of 0.793, which indicated a strong level of classification
between the high- and low-achieving ESL readers. Research question 1 confirmed that pedagogical factors can
distinguish the fourth-grade ESL learners with high- and low-achieving reading literacy, which laid the
foundation for answering the second research question.

SVM-RFE produced a ranking list of the factors that can distinguish the high- from low-achieving ESL students,
according to the factors’ different contribution to the distinction. As shown in Figure 3, only the first 17 features
showed a stable ranking of discrimination in both of the two ranking patterns produced by SVM-RFE, and the
two ranking patterns tended to fluctuate after the 17th feature.
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Figure 3. Seventeen features selected from two fluctuate ranking patterns produced by SVM-RFE

To reach the optimal feature set, these 17 features were added to the model in turn to calculate their respective
accuracy score by RFE-CV visualizer plot, which is measured by the cross-validated accuracy score. As shown
in Figure 4, the curve reached the highest point for the first time when the set of ten informative features was
captured; thus, the top-10 features constituted the optimal effective pedagogical factor set with the smallest
number of distinguishable features and the highest prediction accuracy (accuracy score = 0.832). Therefore,
among the 41 factors, the collective effect of the top-10 features best distinguishes high- from low-achieving
ESL readers.

n_feature=10
1Score=0.832

0.84

0.82

0.8

0.78

0.76

Accuracy score

0.74

0.72

0.70

Number of features selected

Figure 4. Top-10 features in the optimal feature set selected from 17 features with RFE-CV visualization.

Detailed descriptions of the top-10 significant features and the exact influence of these features are presented in
Table 1.
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Table 1. Ranking, description and exact influence of the top-10 features in the optimal feature set

Ranking  Top-10 Description Ratio of the recurrence of high-achieving learners’ answers to that of
features low-achieving students” answers
Every day (or Weekly (once or Monthly (once or
almost) twice) twice)
1 ATBRIIA Provide reading materials W \/ /
that match the students’ (0.39:0.14=2.8:1) (0.45:0.39=1.15:1) (0.47:0.16=0.34: 1)
interests
2 ATBR10D Teach students strategies for  / \ \
decoding sounds and words (0.22:0.42=0.52:1) (0.48:0.47=1.01:1) (0.21:0.11=1.89:1)
3 ATBRI12H Describe the style or W \/ /
structure of the text they (0.15:0.06=2.69:1) (0.57:0.42=1.14:1) (0.32:0.44=0.71:1)
have read
4 ATBR12I Determine the author’s \ / /
perspective or intention (0.12:0.08=1.44:1) (0.46:0.47=0.96:1) (0.34:0.44=0.77:1)
5 ATBR12G Make generalizations and \ / /
draw inferences based on (0.34:0.25=1.34:1) (0.47:0.56=0.85:1) (0.185:0.194=0.95:1)
what they have read
6 ATBR10G Teach or model skimming or \ / \
scanning strategies (0.11:0.08=1.29:1) (0.38:0.50=0.77:1) (0.38:0.36=1.04:1)
7 ATBRO1A* Class size” " (n<20) " (20<n<30) /*n>30
(0.09:0.06=1.62:1) (0.814:0.805=1.01:1) (0.10:0.14=0.69:1)
8 ATBRI1IC Link new content to \ / /
students’ prior knowledge (0.57:0.56=1.03:1) (0.35:0.36=0.98:1) (0.07:0.08=0.86:1)
9 ATBRIIE Encourage student \ N /
discussions of texts (0.78:0.75=1.05:1) (0.18:0.11=1.62:1) (0.04:0.14=0.26:1)
10 ATBRO9AB Longer fiction books with / \ /

chapters (0.50:0.56=0.91:1) (0.31:0.17=1.87:1) (0.14:0.22=0.65:1)

Note. For the covariate, i.e., class size (ATBRO1A), code 1 refers to a class size smaller than 20 students (n<20); code 2 refers to a class size

of 20 to 30 students (20<n<30); and code 3 refers to a class size larger than 30 students (n>30). The ratios larger than 1 are marked by one
tick “\”, indicating a positive relationship between the pedagogical factors and the high-achieving learners’ reading literacy. The ratios larger
than 2 are marked by two ticks W, indicating a prominent positive relationship.

As demonstrated in Table 1, the components of the optimal feature set of effective pedagogical factors with
feature ranking were centered on three of the five categories: reading materials, reading strategies and in-class
reading activities. Specifically, regarding the first category of reading material selection, students’ interest
(ATBR11A) was ranked as the first feature, which indicated that it has the greatest positive influence on
predicting high-achieving ESL readers. The type of text also mattered. Compared with informational reading
materials, such as nonfiction books and articles, literary reading materials, especially longer fiction books with
chapters (ATBR0O9AB), caused a significant gap between the two cohorts. In terms of the development of
reading strategies as the second category, the strategy of decoding sounds (ATBR10D) and the strategy of
skimming and scanning (ATBR10G) were found to be strong predictors of high ESL reading performers. In
addition, asking students to generalize or infer (ATBR12G), describe the textual style or structure (ATBR12H),
and determine the intention of the author (ATBR12I) stood out as the effective methods for improving ESL
learners’ reading literacy. With regard to the third category of in-class reading activities, considerable discussion
of the text (ATBR11E) was indicated as the significant impact factor. Linking teaching content to students’
previous knowledge (ATBR11C) was also recommended.

Table 1 further displays how the pedagogical factors of these three categories influence 4th-grade students’
reading literacy with frequency. In terms of the frequency of using the top-10 effective pedagogical factors, 7
factors positively influenced high-achieving learners’ reading literacy if they are used every day or almost every
day, and they include providing reading materials that match the students’ interests (ATBR11A with a ratio of
2.8); describing the style or structure of the text they have read (ATBR12H with a ratio of 2.69); determining the
author’s perspective or intention (ATBR12I, with a ratio of 1.44); making generalizations and draw inferences
based on what they have read (ATBRI12G, with a ratio of 1.34); teaching skimming or scanning strategies
(ATBR10G, with a ratio of 1.29); linking new content to students’ prior knowledge (ATBR11C, with a ratio of
1.03); encouraging student discussions of texts (ATBRI11E, with a ratio of 1.05). In particular, ATBRI11A,
ATBR12H and ATBRI1E also facilitated high reading literacy when used once or twice a week, with a ratio of
1.15, 1.14, 1.62, respectively; whereas ATBR11A and ATBR12H indicated a less prominent positive influence
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compared with their use every day. In addition, teaching strategies for decoding sounds and words (ATBR10D)
once or twice weekly (ratio = 1.01) or monthly (ratio = 1.89) predicted high reading literacy, whereas a greater
frequency would reverse the positive effect (ratio = 0.52). Longer fiction books with chapters (ATBR0O9AB)
improved high-achieving students’ reading literacy only when they were assigned once or twice a week (ratio =
1.87). For the covariate (ATBRO1A), a variety of class sizes might lead to different reading performance of ESL
readers. A class size smaller than 20 indicated the best reading achievement (ratio = 1.62); a class size from 20 to
30 still contributed to high reading literacy (ratio = 1.01); however, a class size larger than 30 decreased the
students’ reading achievement (ratio = 0.65).

4. Conclusions and Discussion

In this study, the machine learning method SVM was applied for the first time to identify the optimal feature set
of pedagogical factors differentiating 4th-grade ESL learners with high- from those of low-achieving reading
literacy. The results identified the top-10 features, which were distributed in three categories (reading materials,
reading strategies and in-class reading activities), and class size was identified as the eventual optimal feature set
of effective pedagogical factors that can collectively improve the reading literacy of ESL learners. The discovery
of this optimal feature set not only highlights the significance of these factors in determining the high-achieving
ESL students’ reading performance but also corroborates the theoretical premise of pedagogical effectiveness
with collective effect. According to the optimal feature set, a conceptual framework with reading pedagogical
categories on the reading materials, reading strategies and in-class reading activities were formulated as follows.

4.1 Effective Pedagogical Factors Involved in Reading Materials

In ESL reading teaching, assigning reading materials in line with students’ interests was found to be particularly
effective in cultivating successful readers in primary school, which is consistent with previous studies that have
confirmed the positive influence of instructional materials matched readers’ interest areas on L2 reading
comprehension (Lien, 2017). The enhancement of reading comprehension may be due to their improvement of
L2 proficiency associated with the personalization of the reading materials (Asgari, Ketabi, & Amirian, 2019).
Selecting materials that students are interested in fosters intrinsic motivation and encourages extrinsic
engagement (Johnson & Blair, 2003). Moreover, fully engaged readers are able to identify with the conceptual
context of a text and effortlessly master the meaning of the text (Esther & Lau, 2018). The pedagogy of
integrating moral and cultural values of ESL learners’ original culture in instructional materials can facilitate
reading literacy improvement (Sidhu, Kaur, & Fook, 2018).

In addition, classical research has been conducted to identify the types of reading materials that influence reading
comprehension in L2 learning. Carrell (1984a, 1984b, 1985) conducted a series of studies on the influence of
different types of rhetorical organization on L2 reading, and in 1984, Carrell found that structured English
rhetorical organization could facilitate ESL readers’ recalling of the text. Later that year, Carrell discovered that
the story structure positively affected ESL reading comprehension by the schema-theoretic approach. Carell
(1985) further studied whether explicit teaching of the structure of reading materials could improve ESL reading
and found that the rhetorical structure of expository texts training could greatly increase ESL readers’ recalling
competence. Another frequent topic in research is comparisons between the memorization and comprehension of
narrative and of expository texts. Primary-school readers generally exhibited the same profiles across the two
text genres (Josefine et al., 2018). However, in the recall test for memorizing expository texts in L1 and L2, L2
students performed worse than L1 students on the free recall test (Beken & Brysbaert, 2018). Considering
literary texts, marginally significant negative correlation has also been observed between non-fiction reading and
successful reading comprehension (Topping, Samuels, & Paul, 2008). In this study, longer fiction book reading
differentiates high- from low-achieving ESL readers. One possible explanation might be that it is easier to
perceive coherence in fiction than non-fiction, which is important because coherence can make texts more
inherently interesting and allow readers to connect ideas and make inferences throughout the text (Topping,
2015). In this study, it was also reported that teachers of more high-achieving students’ preferred to assign fiction
weekly instead of monthly.

4.2 Effective Pedagogical Factors Involved in Reading Strategies

Instruction in reading strategies has always been a focus of L2 teaching. In terms of oral reading strategy, the
current study suggests that teaching phonological decoding strategies weekly or monthly predicted better reading
performance compared with reading aloud and reading silently. The effectiveness of phonetic decoding has been
proved in a longitudinal study targeting students from the first grade to the fourth grade, which found that a lack
of phonetic decoding skills was the main obstacle keeping poor readers from improving (Juel, 1988). One
possible explanation might be that phonetic decoding facilitates fluency, which has a reciprocal relationship with
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reading comprehension (Woore, 2018). However, in existing studies, the pros and cons of reading aloud and
silent reading strategies were inconsistent. Sustained silent reading has been suggested to be at least as good as
and often better than “regular” instruction focused on skill-building (Krashen, 2005). In particular, silent reading
of narrative texts could facilitate retelling. Moreover, reading aloud provides students with a unique opportunity
to improve in classroom engagement, and it can increase readers’ vocabulary, reading fluency and speed, and
higher-level thinking (Johnston, 2016). In contrast, both oral reading and silent reading of expository texts were
shown to play no significant role in comprehension improvement (Schimmel & Ness, 2016).

Skimming and scanning are two significant reading strategies often used by excellent ESL readers, which is
consistent with previous studies. Brown (1994) even proposed that skimming and scanning are probably the two
most valuable reading strategies both for ESL learners and for native speakers. Fauzi (2018) also found that
skimming and scanning have positive influence on reading comprehension through an experiment with five
sessions of treatments. The advantage of skimming and scanning strategies still lies in speed reading. Skimming
is three to four times faster than normal reading, and people often skim when dealing with lots of materials
(Hong, 2013). Scanning is also an effective time-saving strategy for locating specific information that frequently
appears in an assignment or an examination (Schlosser, Wendt, Bhavnani, & Nail-Chiwetalu, 2011). Therefore,
students who have a good command of these two strategies may achieve high scores in reading tests.

In addition, tasks involving drawing inferences, describing the style or structure of the text, and determining the
author’s perspective were found to significantly improve proficient reading development. In effect, the tasks
assess students’ metacognitive reading strategies, such as inferring and summarizing, which provides a
significant contribution to reading achievement. Inferring includes establishing meaningful connections between
individual pieces of literally stated information in the text (i.e., “text-connecting” inferences) and between
literally-stated information and readers’ background knowledge (i.e., “knowledge-based” inferences).
Successfully drawing inferences can help the readers determine the central ideas of the authors (Hall & Barnes,
2017). Summarizing is constructing a macrostructure by preserving the general meaning and structure of original
text, which can also facilitate students’ understanding of information and transferring it to long-term memory
(Serpil, 2018).

4.3 Effective Pedagogical Factors Involved in In-Class Reading Activities

The pedagogy of in-class activities has a direct influence on the effectiveness of ESL reading teaching. Linking
new content to students’ prior knowledge was predictive of high-achieving ESL readers, which is consistent with
previous studies. In-class linking with prior knowledge was found to effectively improve reading comprehension
and particularly facilitate memorizing. For instance, adapted from Jean Piaget’ schema theory, Abdelaal and Sase
(2014) drew three types of schema, i.e., linguistic schema, formal schema and content schema through a
prior-knowledge questionnaire, in which prior knowledge structures are higher-level constructs encompassing
commonalities across events. In addition, new information could be integrated into a structure provided by prior
knowledge. Educators are advised to activate students’ prior knowledge for procedural knowledge (Courtney,
Lauren, Loughlin, & Patricia, 2015; Hu & Wei, 2018) because prior knowledge does not automatically benefit
the memory processing of incoming information.

Classroom discussions were also considered an effective pedagogy for improving ESL students’ reading literacy
in this study. Students were often undervalued in their interpretation abilities of reading materials such as
contemporary picture books (Pantaleo, 2008). Indeed, encouraging students to discuss in class provides them the
chance to scaffold each other’s understanding of the text. Through collaborative classroom discussions, students
would think critically, clarify their understanding, use comprehension skills and communicate knowledge (Chen
& Hu, 2018). In ESL teaching, collaborative discussions serve particularly valuable purposes by allowing
students with different backgrounds to participate rich discussions from a transactional perspective. Therefore,
educators are supposed to make their expectations of the discussion groups explicit in order to successfully
engage each student to classroom discussions. Also, educators can design various types of discussion groups to
facilitate meaningful discussions in the primary grades (Moses, Ogden, & Kelly, 2015).

4.4 Effective Pedagogical Factor of Class Size

In this study, the class size bigger than 30 would cause a sharp decrease in students’ reading achievement. This
research finding was consistent with previous studies. For instance, Nandrup (2016) conducted a longitudinal
research on Danish public school, and found that a class size bigger than 28 would lead to a decrease in students’
reading literacy. Additionally, the increased class size caused decreased reading achievement of ESL learners
(Krassel & Heinesen, 2014), which might be that teachers in large classes may not be able to apply a variety
range of pedagogies and would instead chose to utilize the teacher-centered pedagogies to organize the large
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class (Almulla, 2015), which might account for students’ low reading literacy:.

Regarding the future research, different pedagogical patterns utilized for L1 and L2 readers should be compared
if reliable data for a large population can be collected and the data mining technique applied in this study could
be combined with other statistical tools, e.g., regression, to perform more scientific and systematic pedagogical
influence analyses in depth.
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Appendix A
Pedagogical Variables Included in the PIRLS 2016 Questionnaire
Categories Label Description
Variables
Organizing the class ATBROSA I teach reading as a whole-class activity
ATBRO8B I create same-ability groups
ATBRO08C I create mixed-ability groups
ATBRO8D I use individualized instruction for reading
ATBROSE Students work independently on an assigned plan or goal
Choosing reading materials ATBR0O9AA Short stories (e.g., fables, fairy tales, action stories, science fiction, detective stories)
ATBRO9AB Longer fiction books with chapters
ATBRO9AC Plays
ATBRO9BA Nonfiction subject area books or textbooks
ATBR09BB Longer nonfiction books with chapters
ATBRO0O9BC Nonfiction articles that describe and explain about things, people, events, or how
things work (e.g., newspaper articles, brochures)
ATBRI11A Provide reading materials that match the students’ interests
ATBR11B Provide materials that are appropriate for the reading levels of individual students
In-class reading activities ATBRI11C Link new content to students’ prior knowledge
ATBRI11D Encourage students to develop their understandings of the text
ATBRI11E Encourage student discussions of texts
ATBRI11F Encourage students to challenge the opinion expressed in the text
ATBRI11G Use multiple perspectives (among students and texts) to enrich understanding
ATBRI11H Give students time to read books of their own choosing
ATBRI111 Give individualized feedback to each student
Developing reading skills or  ATBR10A Read aloud to students
strategies ATBR10B Ask students to read aloud
ATBR10C Ask students to read silently on their own
ATBR10D Teach students strategies for decoding sounds and words
ATBRI0E Teach students new vocabulary systematically
ATBRI10F Teach students how to summarize the main ideas
ATBR10G Teach or model skimming or scanning strategies
ATBRI12A Locate information within the text
ATBR12B Identify the main ideas of what they have read
ATBRI12C Explain or support their understanding of what they have read
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ATBR12D Compare what they have read with experiences they have had
ATBRI12E Compare what they have read with other things they have read
ATBRI12F Make predictions about what will happen next in the text they are reading
ATBRI12G Make generalizations and draw inferences based on what they have read
ATBRI12H Describe the style or structure of the text they have read
ATBRI121 Determine the author’s perspective or intention

Post-reading activities ATBR13A Write something about or in response to what they have read
ATBRI13B Answer oral questions about or orally summarize what they have read
ATBR13C Talk to each other about what they have read
ATBRI13D Take a written quiz or test about what they have read

Covariates
ATBRO1A Number of students in the class

Controlling variables
IDGRADE Grade
ASBHO3A Whether be born in the test country
ASBHO04A Spoken language before going to school
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