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Abstract
This research aims to explore the online English learning effects among preschool-
ers with different cognitive characteristics influenced by different learning methods 
and the interaction between cognitive characteristics and learning methods. Data are 
collected by using two 3 × 3 between-subject experiments. Wherein, 248 participants 
based on Embedded Figure Test are divided into Field Independence (FID), Field 
Mixed (FM), and Field Dependence (FM) in Study 1, while 247 participants based 
on the Go-No-Go task are divided into Higher self-control (HSC), Middle self-
control (MSC), Lower self-control (LSC) in Study 2. Then, through random assign-
ment, all participants enter three learning method groups, restudy (RS), restudy plus 
test (RST), and restudy plus test plus feedback (RSTF). In addition, all children were 
allowed to learn online on the iPad to test their learning outcomes by word recogni-
tion, picture-word matching, and picture book recognition tests. As seen from the 
results, FID children performed better than FM and FD children, but their learn-
ing outcomes were not affected by the learning methods. FM and FD children per-
formed better when adopting the RSTF learning method. However, for children with 
different levels of self-control, no differences are found despite their learning meth-
ods. Given the above, the “fit/match” between children’s cognitive style and online 
learning methods are effective in maximizing learning effects for preschoolers.
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1  Introduction

With the impact of COVID-19, it was unprecedented that almost all students from 
kindergarten to college switched to learning online. Online learning was defined as 
“learning experienced through the internet in an asynchronous environment where 
students engage with instructors and fellow students at their convenience with no 
need to appear online or in a physical space (Singh & Thurman, 2019)”. Following 
the rapid development of mobile internet and artificial intelligence (AI) technology, 
an increasing number of learners and educators consider online learning to be a flex-
ible, convenient, open, and shared form of learning. Meanwhile, online education 
platforms have mushroomed in recent years, advancing the development and pro-
motion of online learning. Even before the outbreak of COVID-19, online learn-
ing gained widespread recognition among younger students in China, especially 
online English learning. Furthermore, many caregivers have realized the importance 
of English education, stirring up great enthusiasm for children to learn English. To 
make native English teaching resources easily accessible for children, many children 
choose to learn English online.

However, due to a lack of tracking children’s progress and teacher–child interac-
tion, online learning might not be helpful for all children learners (Steed & Leech, 
2021) with different cognitive characteristics. The separation of teacher-students and 
more independent, open, and weakly controlled features of online learning deter-
mined that cognitive style and self-control are important characteristics affecting 
online learning outcomes (Chen & Liu, 2011; Chen & Macredie, 2010). As a rela-
tively stable characteristic, learners’ cognitive styles could play a more important 
role in online learning than in traditional classroom education (Liu & Ginther, 1999; 
Pavalache-Ilie & Cocorada, 2014) and influence learners’ information processing 
(Lugli et al., 2017). Moreover, self-control has been well proven to promote student 
learning success. (e.g., Feldmann et al., 1995; Moffitt et al., 2011).

The flexibility of the course content made it available to learners of different lev-
els and needs (Yeh & Lin, 2012), so developers may create a more refined setting on 
learning parts and links to realize the fine management of learners’ learning steps 
and rhythms, such as how often to restudy and whether testing is effective. Seen 
from the existing studies on learning methods for different age groups, there is a 
testing effect whereby learners could obtain a better learning outcome than restudy 
even without feedback when they tested their knowledge immediately after learning 
(Roediger & Butler, 2010; Zhou et al., 2015).

However, in the view of Brewer and Unsworth (2012), not all learners could ben-
efit from the same learning method. Person-environment fit theory indicates that 
when matching individual characteristics and environmental characteristics, people 
are more satisfied with the outcome they created and perform better (Kristof, 1996). 
Online learning environments were well suited to personalizing children’s learning 
experiences (de Mooij et al., 2020), suggesting that if the visibility of time pressure 
is tailored to children’s cognitive profiles, arithmetic performance could improve sig-
nificantly in online learning environments. Nonetheless, very few studies have inves-
tigated the interaction between preschool children’s cognitive characteristics and 
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learning methods on their learning attainment. Such research is essential because 
it will enable English course developers to develop courses more structurally and 
parents to guide children’s learning more methodically based on their cognitive 
characteristics. Therefore, this study intends to provide an online English learning 
approach by considering preschoolers’ cognitive styles. The research questions are 
formulated as follows:

1.	 How do preschool children with different cognitive characteristics perform in 
online learning?

2.	 How do preschool children perform with different learning methods in online 
learning?

3.	 What are the appropriate online learning methods for preschool children with 
different cognitive characteristics?

2 � Literature review

2.1 � Cognitive characteristics

Cognitive style comprises the relatively stable preferences and attitudes determining 
an individual’s typical modes of perceiving, remembering, thinking, problem solving, 
decision making, and information processing (Chen, 2019). Previous studies have 
classified cognitive style into several types, such as field dependence (FD) and field 
independence (FID), which is the most typical cognitive style proposed by Witkin 
and Goodenough (1981). However, most people are in the middle of these two 
types, and those in the middle are characterized as field mixed (FM) (Liu & Reed, 
1994). Learning behavior is affected by learners’ cognitive styles (Thomas & Mckay, 
2010). However, there is no consensus on which cognitive style is more appropriate 
for online learning. To date, studies on how cognitive style affects online learning 
have mainly focused on college students or primary, middle, and high school students 
(Chin et al., 2018; Lin et al., 2019; López-Vargas et al., 2017). For example, Lin et al. 
(2019) indicated that FID pupils performed better than FD pupils in math online 
learning. López-Vargas et  al. (2017) examined the differences in online learning 
among 54 high school students with different cognitive styles and found that FID 
students performed better, which might be caused by the easy disorientation of FD 
learners and less affected by external cues for FID learners (Zhang, 2004) in an open 
internet environment. However, for preschoolers, there are very few studies about how 
cognitive style affects their learning attainment in the online learning environment. Li 
and Ju (2009) found that FID children performed better than FD children when they 
learned English in a traditional learning environment. Therefore, will FM children 
perform as FD or FID children, and do preschoolers exhibit the same trend in online 
learning when coping with the complex online environment?

Self-control reflects the ability of an individual to control his or her psychological 
state and behavior, and it has been suggested that it has a significant impact on indi-
viduals’ learning outcomes from a young age. Wolfe and Johnson (1995) argued that 



11716	 Education and Information Technologies (2023) 28:11713–11731

1 3

self-control was the most powerful predictor among 32 personality variables of the 
Jackson Personality Inventory (Jackson, 1976) and significantly contributed to stu-
dents’ academic performance. Studies have found that young children with a higher 
level of self-control may perform better and have more positive learning outcomes 
under traditional learning conditions (Mischel et  al., 1989; Moffitt, et  al., 2011; 
Shoda et  al., 1990). For example, in the opinion of Blair and Razza (2010), pre-
schoolers’ self-control significantly predicts their early mathematics knowledge and 
reading ability (i.e., phonemic awareness and letter knowledge). Su and Wei (2013) 
also demonstrated that self-control ability predicted preschoolers’ verbal ability. 
However, Ponitz et  al. (2009) suggested that self-control could predict gains from 
the beginning to the end of the kindergarten year in math skills but not in vocabulary 
or print knowledge. Hence, self-control ability might affect the different aspects of 
learning in traditional learning. The past literature on the association of self-control 
ability and learning performance in online learning conditions has mainly focused 
on college students, and few studies have focused on preschool children. Therefore, 
it is unknown how self-control affects academic performance in online learning con-
ditions for preschoolers.

2.2 � Learning method

Recently, a great amount of evidence has shown that compared with restudy, tests 
are more useful and can affect learners’ outcomes positively even without feedback 
(Roediger & Butler, 2010; Zhou et al., 2015), which is called the testing effect or the 
retrieval practice effect (Thomas et al., 2018). In addition, the test of learning con-
tent has been shown to increase learners’ long-term retention and transfer of knowl-
edge to new situations (Agarwal et  al., 2012; Butler, 2010; Roediger & Karpicke, 
2006; Weinstein et al., 2010). The elaborative retrieval hypothesis (Carpenter, 2009; 
Pyc & Rawson, 2010) claims that compared with restudy, test (retrieval practice) is 
a process that requires that a target be retrieved from memory; semantically related 
items may be activated while searching for the target information and become linked 
to the target item. Meanwhile, when feedback is added to testing, learners’ academic 
performance is also improved. The inclusion of feedback strengthens learning and 
provides a formative component through which learners can monitor their accuracy, 
preventing erroneous learning (Roediger & Marsh, 2005). In addition, feedback 
leads to a “prediction-error” signal in the brain (Wilkinson et al., 2014), which cata-
lyzes learning by switching brain regions relevant to long-term memory into a more 
receptive encoding rather than retrieval mode (Greve et al., 2017; Lisman & Grace, 
2005). Therefore, when testing and feedback are added, a fine concept semantic net-
work is formed for them (Carpenter, 2009, 2011).

However, few studies have addressed the issue that preschoolers can also benefit 
from testing. For example, Fritz et al. (2007) asked children to name seven toy pigs, 
such as Tinker, employing restudy and testing; the results suggested that, compared 
with restudy, children’s test scores were significantly improved by testing. Kliegl et al. 
(2018) also found a testing effect when the cued-recall task was used, and when imme-
diate feedback was provided during retrieval practice, the magnitude of the testing 
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effect was especially enhanced. Currently, there are very few studies on the testing 
effect for preschool children under real online learning conditions. Considering the 
testing effect for preschoolers in traditional learning, to make children’s learning more 
effective, we explore the issue of “which learning methods are better for preschoolers 
under the online learning condition, is there also a testing effect for preschoolers?”.

2.3 � How do cognitive characteristics and learning methods affect online learning 
together?

Although many studies have noted that tests and tests with feedback are more effective 
for learners than repetitive study (Roediger & Butler, 2010; Roediger & Karpicke, 
2006; Zhou et al., 2015), the more suitable learning method for learners with different 
characteristics is inconclusive. Bertilsson et al. (2020) showed no significant relationship 
between learning methods (test and restudy) and individual differences (e.g., personality 
traits or working memory capacity), which meant that for learners with different 
personality traits and working memory capacity, there was no difference when they 
adopted tests as their learning method. However, learners’ characteristics might also 
affect their learning attainments when they adopt different learning methods (Agarwal 
et al., 2017; Brewer & Unsworth, 2012; Robey, 2019). For example, Agarwal et al. (2017) 
found that learners with lower working memory capacity performed better than those 
with higher working memory capacity when they adopted the learning method of testing. 
Brewer and Unsworth (2012) found that there was an interaction between personal 
ability and learning method; specifically, learners with lower general-fluid intelligence 
and lower memory ability performed better when they adopted the learning method of 
testing, but for learners with higher general-fluid intelligence and higher memory ability, 
no difference was shown when they adopted the learning method of testing or restudy.

Notwithstanding, recent studies have investigated the interaction between learners’ 
characteristics (e.g., personality traits, working memory capacity) and learning methods 
(e.g., test, restudy), yet the results are still uncertain (Agarwal et al., 2017; Bertilsson 
et  al., 2020; Brewer & Unsworth, 2012; Robey, 2019). The literature has stated the 
importance of the association between learning methods and different characteristics 
for learners to maximize learning efficiency, especially for college students. Although 
previous studies have focused on learning methods and cognitive characteristics, few 
studies have incorporated preschoolers’ cognitive characteristics along with learning 
methods. Therefore, the current research combines cognitive characteristics (i.e., 
cognitive style and self-control ability) and learning methods (i.e., restudy, test, and test 
with feedback) to discuss which learning method is more suitable for preschoolers with 
different cognitive characteristics in their online English learning.

3 � Study 1

In Study 1, we examined whether preschool children with different cognitive styles 
could perform differently in the online learning environment. Meanwhile, which 
learning method was better for them when they learned online, would there also be 
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a testing effect under an online learning environment for them? Furthermore, we 
examined which learning method was suitable for children with different cognitive 
styles. We employed an online learning task for preschool children. In this task, chil-
dren learned an online lesson, which was then either restudy plus test (RST), restudy 
plus test plus feedback (RSTF) or restudy only (RS).

3.1 � Method

3.1.1 � Participants

All participants were 4- to 6-year-old children (N = 496). The mean age was 
67.07  months (SD = 5.30; range 49–77  months), and 230 participants were girls; 
however, some children did not complete or take part in Study 1. The final num-
ber of participants was 248 (Mmonth = 67.49, SD = 5.48; range 49–77  months); 
115 were girls (Mmonth = 67.59, SD = 5.34), and 133 were boys (Mmonth = 67.49, 
SD = 5.48). The sampling was based on convenience. Participants were recruited 
from three public kindergartens and one private kindergarten in an area in Shanxi 
Province, China. Informed consent was obtained by sending letters home to parents. 
The economic development level of Shanxi is at the middle level among all prov-
inces of mainland China.

3.1.2 � Material

Materials included the learning and test material and the cognitive style material.

Learning material  Learning material was presented on an iPad and was selected 
from paid online beginner lessons from the Banma App (https://​banma​app.​com/). It 
was developed by the Banma research and development team based on AI technol-
ogy and science for children aged 3–8 in China. The curricula were taught entirely in 
English, and they were developed according to the rules of second-language English 
acquisition, the characteristics of children’s language and cognitive development, 
domestic and foreign curricula, and examination standards. The Animal Sounds les-
son used in this study contains five parts. Video time introduces the core vocabular-
ies (cow, sheep, and horse) and sentences (I’m a cow; Mo, Mo; I’m a sheep; etc.) 
through a video of an animated scene in which two characters complete a chorus 
task by looking for animals, as shown in Fig. 1. Meanwhile, this section appears as a 
form of prerecorded video. Word time demonstrates the core vocabulary words one 
by one. Story time introduces the core sentences sentence by sentence. In speaking 
time, the participants need to recite the core vocabulary words and sentences, and 
children’s pronunciation could be recorded into the system and scored with stars by 
AI technology to strengthen their enthusiasm for learning. Quiz time tests part of 
the core vocabulary and sentences that participants have learned and is scored with 
stars by AI technology. Children could operate the interface independently by tap-
ping a green button “next” to the next section, such as from “video time” to “word 

https://banmaapp.com/
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time”. The lesson lasted approximately 15  min. Every child reviewed this lesson 
three times.

Test material  The test materials were vocabulary cards and a picture book, which 
were used for the pretest and posttest. The test tasks were based on those developed 
by Sun (2003), and a team comprising one experienced kindergarten teacher, one 
English teacher, and two experts from psychology majors who developed these test 
tasks and formulated the grading criteria. Finally, the test tasks consisted of word 
recognition (WR), which examined whether children could name the picture cor-
rectly; picture-word matching (PWM), which examined whether children could 
match the vocabulary words and pictures correctly; and picture book recognition 
(PBR), which examined whether children could read the content of the picture book 
correctly. One experimenter noted the children’s original answers on paper, and then 
three trained experimenters consisting of two graduate students from the English 
major and a graduate student from the psychology major gave them points accord-
ing to the notes. Children received one point if they correctly answered the question; 
otherwise, they received “0”. Children’s final learning scores are the mean score of 
the three raters. The total WR, PWM, and PBR scores are 3, 3, and 6, respectively. 
The total test score is 12. The rater consistency reliability coefficient kappa is 0.97, 
while the consistency coefficients of WR, PWM, and PBR are 0.77, 0.80, and 0.76, 
respectively.

Cognitive style material  The cognitive style material was selected from the original 
Embedded Figure Test (EFT) version developed by Zhang et al. (1981) and included 
2 practice items and 10 formal items. On the test, the subject’s task was to find a 
simple figure embedded in a more complex figure. Children were asked complete 
all 10 items in 10  min, and the simple figure was presented next to the complex 
figure at the same time to make the EFT easier. The score was the total number of 
correct responses on the 10 items. They received one point if they traced the fig-
ure correctly; otherwise, they received “0”. Children were allowed a second attempt 
on items that were initially incorrect. The mean and standard deviation of these 10 
selected items were 6.93 and 3.60, respectively, and the internal consistency coef-
ficient was 0.73.

Fig. 1   Learning material for 
online English learning
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3.1.3 � Design and Procedure

We used a 3 × 3 two-factorial between-subject design to cross cognitive style with 
the learning methods for Study 1. Two postgraduate students from English and psy-
chology majors with the College English Test Band-6 certificate tested children 
individually in a quiet room located at their kindergarten. The dependent variable is 
the difference value between children’s final test scores minus the pretest score.

In Study 1, the procedure consisted of three phases: the preparation phase, the 
learning phase, and the posttest phase.

Preparation phase  All participants completed the EFT first. After summing their 
scores, they were divided into three types of cognitive styles based on their scores. 
Lower scores indicate field-dependent children, with 27% FD scores ranging from 
0 to 4, and higher scores indicate field-independent children, with 27% FID scores 
ranging from 8 to 10. Children who fall in the middle of the scores are character-
ized as FM children (Liu & Reed, 1994); 46% of the participants were FM chil-
dren whose scores were from 5 to 7. Then, the pretest of the core vocabulary and 
sentences from the online course was conducted to ensure that the children who 
attended the experiment had not mastered the online learning content; meanwhile, 
the children’s English learning experience and phonological awareness were also 
tested as control variables.

Learning phase  All the participants were randomly divided into three learning 
method groups (RS, RST, RSTF) (Fig. 2) based on their entry sequence in the study. 
In addition, they learned the online content—Animal Sounds—for the next three 
days.

On the first and second days, the three groups learned the lesson Animal Sounds 
first. Five minutes later, the RS group restudied the test content to ensure that all 
participants from different groups were exposed to the test material for the same 
amount of time; the RST group accepted a test only; and the RSTF group accepted a 
test with feedback on the correct answer.

Fig. 2   The learning procedure of RS, RST, and RSTF for preschool children
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On the third day, all three groups learned the lesson on animal sounds first and 
took the final test five minutes later.

Post Test phase  In the test phase, children were presented with the learning con-
tent through vocabulary cards and the picture book. Then, participants were asked 
to orally recall the vocabulary and sentences of as many of the study items as they 
could, in the order of WR, PWM, and PBR. The test phase lasted for approximately 
4 min.

3.2 � Results

First, we examined whether there were differences among the different cogni-
tive styles and learning method groups on the children’s pretest scores. The results 
showed that there were no differences among the children with different cogni-
tive styles, F (2, 245) = 0.40, p = 0.67, or among different learning methods, F 
(2,245) = 0.79, p = 0.46, which meant there were no significant differences among 
the children across learning method groups. The mean scores of the pretest were 
0.59, SD = 1.00. After studying the content three times, the children’s mean dif-
ference values of learning score were 7.10, and the SD was 2.66, suggesting that 
children had mainly mastered the learning content. Variations in the children’s 
differences across cognitive styles and learning methods are presented as follows 
(Table 1):

Then, we examined the effects of different cognitive styles and different learn-
ing methods on the online learning performance of preschoolers. Taking phonologi-
cal awareness, English experience, children’s age, and gender as control variables, a 
3 × 3 (cognitive style × learning method) two-way ANOVA confirmed a main effect 
of cognitive style, F (2, 234) = 3.72, p = 0.03, partial η2 = 0.03, and a further least 
significant difference (LSD) test reflected that FID preschoolers had higher aca-
demic performance than FM and FD preschool children. At the same time, there 
was no significant difference between FM and FD preschoolers, which meant that 
FID preschool children had better attainment than FM and FD children in the online 
learning environment. There was also a main effect of the learning method, F (2, 
234) = 11.71, p < 0.001, partial η2 = 0.09, indicating that the learning attainment 

Table 1   Children’s difference 
in learning score values across 
cognitive styles and learning 
methods

Learning method Cognitive Style (N = 247) (M ± SD)

FD FM FID

RS 6.26 ± 3.14
(n = 23)

5.50 ± 3.12
(n = 16)

8.38 ± 2.02
(n = 39)

RST 5.00 ± 1.73
(n = 27)

6.47 ± 2.23
(n = 21)

6.89 ± 2.99
(n = 36)

RSTF 7.79 ± 2.64
(n = 28)

7.41 ± 2.37
(n = 17)

8.29 ± 1.94
(n = 41)

total 6.32 ± 2.74
(n = 78)

6.48 ± 2.63
(n = 54)

7.90 ± 2.41
(n = 116)



11722	 Education and Information Technologies (2023) 28:11713–11731

1 3

under the RSTF condition was higher than that under the RS and RST conditions 
(LSD was conducted), and there was no significant difference between the RS and 
RST conditions, suggesting that when children learned with tests and feedback, they 
obtained better learning outcomes. In addition, a significant interaction between the 
two factors emerged, F (4, 233) = 2.59, p = 0.04, partial η2 = 0.04, suggesting that 
cognitive style affected the learning method differently.

Furthermore, Sidak was used to perform multiple comparisons (Fig. 3) examin-
ing what appropriate learning methods would be for children with different cogni-
tive styles, showing that for FD preschool children, there was a significant differ-
ence among those learning methods, F (2,234) = 6.64, p = 0.002, partial η2 = 0.05. 
Specifically, when they adopted the RSTF learning method, the difference in learn-
ing scores was significantly higher than that of the RST; however, there was no sig-
nificant difference between the RS and RST groups or between the RS and RSTF 
groups, suggesting that FD children would benefit more from RSTF than from RST. 
For FM preschool children, there was also a significant difference among those 
learning methods, F (2, 234) = 6.61, p = 0.002, partial η2 = 0.05. Specifically, com-
pared with the RS condition, their difference values of learning scores were signifi-
cantly higher under the RSTF condition, while there were no significant differences 
between the methods of RST and RSTF or between the methods of RS and RST, 
suggesting that FM children benefit more from RSTF than from RS. For FID pre-
school children, there was no significant difference among those learning methods, 

Fig. 3   The difference values of learning scores for children with different cognitive styles under the RS, 
RST, and RSTF conditions
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F (2, 234) = 1.98, p = 0.14, partial η2 = 0.02, suggesting that FID children perform 
better regardless of the kind of learning method.

4 � Study 2

In Study 2, we examined whether preschool children with different levels of self-
control abilities perform differently under the online learning environment. Further-
more, we examined which learning method was suitable for children with different 
self-control abilities. The learning task was the same as in Study 1.

4.1 � Method

4.1.1 � Participants

All participants were children between the ages of 4–6 (N = 496), as in Study 1. 
However, some children did not complete or take part in Study 2; the final number 
of participants was 247 (Mmonth = 67.53 months, SD = 5.44; range 49–77 months), 
where 114 were girls (Mmonth = 67.45  months, SD = 5.58) and 133 were boys 
(Mmonth = 67.59 months, SD = 5.34). Data were collected from November 2020 to 
March 2021.

4.1.2 � Material

The materials included the learning and test material and the self-control test mate-
rial. The learning and test material was the same as in Study 1.

Self‑control test material  Self-control was assessed using the Go-No-Go task, 
which measures children’s response inhibition and has good validity (Li et al., 2018; 
Wiebe et al., 2012). Children were told to respond to the go stimulus (e.g., rabbit) 
by tapping the screen and not to respond to the no-go stimulus (e.g., tiger). For this 
task, children were instructed to tap the screen when they saw a rabbit and not to 
tap it when they saw a tiger. Next, three practice blocks with 5 go trials, 5 no-go 
trials, and 10 mixed trials were presented to children, and they were provided sound 
feedback during the practice blocks. Then, the children were presented with formal 
trials. There were 3 blocks for the formal test, with 25 trials for every block (80% 
rabbit trials, 20% tiger trials). A Go-No-Go ratio of 80% was selected because it has 
been used in previous studies (Howard & Okely, 2015). All trials were randomized 
by the application, and each trial disappeared from the screen after 1,500 ms. There 
was a 1,000 ms interstimulus interval, and the total task lasted approximately 6 min. 
The accuracy score of all tasks was the accuracy of the go trials multiplied by the 
accuracy of the no-go trials. The test was administered on the iPad using a webpage 
created by an application development company.
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4.1.3 � Design and Procedure

A two-factorial between-subject design was conducted, wherein self-control ability 
was crossed with the learning methods in Study 2. The experimenters and dependent 
variable were the same as in Study 1.

There were also three phases in this study: the preparation phase, the learning 
phase, and the posttest phase.

Preparation phase  All participants completed the Go-No-Go task first. After all the 
children finished the task, they were divided into three groups according to their 
scores, with 27% being the lower self-control (LSC) group scoring from 0 to 0.53, 
64% being the middle self-control (MSC) group scoring from 0.54 to 0.91, and 27% 
being the higher self-control (HSC) group scoring from 0.92 to 1. Then, the pre-
test of the core vocabulary and sentences from the online course was conducted to 
ensure that the children who attended the experiment had not mastered the online 
learning content; meanwhile, the children’s English learning experience and phono-
logical awareness were also tested as control variables.

The learning phase and posttest phase were the same as those in Study 1.

4.2 � Results

ANOVA was conducted to test whether there were differences among the levels of 
self-control and learning method groups on the children’s pretest scores. The results 
showed that there were no differences among children across levels of self-control, 
F (2, 244) = 0.90, p = 0.41, or across learning methods groups, F (2, 244) = 0.86, 
p = 0.42, which meant there were no significant differences for the children from 
different groups. The total test score was 12, the pretest mean score was 0.57, and 
the SD was 0.99. After performing the exercise three times, the children’s final test 
mean scores were 7.10, and the SD was 2.65, suggesting that the children had par-
tially mastered the learning content. The values of the children’s learning scores 
for different levels of self-control and learning methods are presented as follows 
(Table 2):

We examined the effects of different levels of self-control and learning meth-
ods on the online learning performance of preschoolers. After controlling for pho-
nological awareness, English experience, and children’s age and gender, a 3 × 3 
ANOVA with factors of self-control (LSC, MSC, HSC) and learning methods (RS, 
RST, RSTF) (Table 3) was conducted, revealing a significant main effect of learn-
ing method, F (2, 233) = 10.55, p < 0.001, partial η2 = 0.08, and a further LSD test 
indicated that the RS group and RST group had significantly lower scores than 
the RSTF group, but there was no significant difference between the RS and RST 
groups, which achieved the same conclusion as in Study 1. There was no main effect 
of self-control, F (2, 233) = 0.58, p = 0.56, partial η2 = 0.01, which meant “there 
was no significant difference among the different levels of self-control”, suggesting 
that self-control ability did not affect learning outcomes. In addition, no significant 



11725

1 3

Education and Information Technologies (2023) 28:11713–11731	

interaction between the two factors emerged, F (4, 233) = 1.48, p = 0.21, partial 
η2 = 0.03, suggesting that there was no difference for children across self-control 
levels when they learned English with different learning methods.

5 � General Discussion

The present study aimed to determine online English learning attainment for pre-
schoolers with different cognitive characteristics using different learning methods 
and explore the interaction between cognitive characteristics and learning methods 
in online learning conditions. The findings indicated that FID preschoolers per-
formed better than FD and FM preschoolers. This is in line with the results con-
ducted by Li and Ju (2009) in the traditional English learning environment and 
teenagers under the online learning condition by López-Vargas et al. (2017) and Lin 
et al. (2019); in other words, FID learners can separate relevant information from 
irrelevant information, are less affected by external cues (Zhang, 2004), and enjoy 
the convenience of the internet (Pavalache-Ilie & Cocorada, 2014). However, there 
is no difference in learning outcomes between FM children and FD children, which 
is not consistent with the study for college students found by Zeng et al. (2010) in a 
traditional learning environment. FD preschool children are easily distracted in the 

Table 2   Children’s learning 
scores values for different levels 
of self-control and learning 
methods

Learning method Self-control levels (N = 246) (M ± SD)

LSC MSC HSC

RS 6.08 ± 2.90
(n = 24)

7.67 ± 2.63
(n = 27)

7.85 ± 2.77
(n = 26)

RST 5.67 ± 2.37
(n = 28)

5.48 ± 2.49
(n = 29)

7.19 ± 2.43
(n = 27)

RSTF 7.93 ± 2.45
(n = 29)

8.07 ± 2.09
(n = 27)

7.76 ± 2.29
(n = 29)

total 6.60 ± 2.73
(n = 81)

7.04 ± 2.65
(n = 83)

7.60 ± 2.48
(n = 82)

Table 3   The ANCOVA results 
of children’s online learning 
test scores across levels of self-
control and learning methods

* p < 0.05, **p < 0.01, *** p < 0.001

Variable source df MS F

Phonological awareness 1 41.14 5.85**
English experience 1 107.95 14.07***
Gender (boy) 1 4.05 0.83
Age 1 77.75 20.45***
Self-control 2 3.36 0.58
Learning method 2 58.91 10.55***
Self-control × learning method 4 9.21 1.48
Error 233 5.21
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online environment (DeTure, 2004), making it more difficult to process information 
and avoid learning environment effects (Hansen, 1995). For FM children, their cog-
nitive style may remain at the developing stage, leading to the same learning out-
come as FD children.

Both studies also demonstrated the main effect of the learning method. Learned 
from the results, the learning outcome of preschool children in the RSTF group was 
significantly better than that in the RST and RS groups, indicating that the testing 
effect emerged only when feedback was added to the testing. This was consistent 
with Fritz et al. (2007) and Kliegl et al. (2018), who indicated that when immediate 
feedback was provided during retrieval practice, the magnitude of the testing effect 
was especially enhanced, also suggesting that feedback during the test plays a 
critical role in children’s learning outcomes. The elaborative retrieval hypothesis 
(Carpenter, 2009; Pyc & Rawson, 2010) claims that compared with restudy, in 
which children only need to repeatedly learn the information presented, test is a 
process that requires a target being retrieved from memory; semantically related 
items may be activated while searching for the target information and become linked 
to the target item. In addition, feedback leads to a “prediction-error” signal in the 
brain (Wilkinson et al., 2014), which catalyzes learning by switching brain regions 
relevant to long-term memory into a more receptive encoding rather than retrieval 
mode (Greve et  al., 2017; Lisman & Grace, 2005). These findings lend empirical 
evidence of the testing effect that children will perform better when testing is added 
to the learning process under the online condition.

Further analysis found that there is no relation between FID preschool children’s 
good performance and different learning methods. Jia et al. (2014) found that FID 
learners performed better under a high cognitive information load, which may give 
us a cue that under the online environment, which causes a lower level of arousal, 
learners need to separate the core learning content from the complex information 
to complete the learning of knowledge. FID children can process information more 
effectively and can have direct access to effective information without relying on 
external references. Hence, they can quickly understand and acquire key knowl-
edge and achieve better results even if they simply repeat the study without pro-
viding more detailed operational tests and feedback in online learning conditions. 
FD and FM preschool children can obtain better learning outcomes only under the 
RSTF condition, and a clear trend could be found in the mean learning attainment. 
Although online learning provides rich learning content, it can make children lose 
their direction and prevent them from absorbing what they learn effectively. Thus, 
when testing and feedback are added, a fine concept semantic network is formed 
for them (Carpenter, 2009, 2011), making the process of learning the material 
more sophisticated and improving their memory and migration, which effectively 
improves the learning outcome. In the meantime, tests with feedback allow chil-
dren to correct errors and be re-exposed to information that they cannot recall; then, 
they can process the learning material more effectively and acquire knowledge more 
directly. However, tests without feedback do not produce better learning outcomes, 
probably because it is difficult for them to search for core information, resulting in 
memory difficulties. This finding provides evidence in support of the importance of 
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children with different cognitive styles in online English learning, suggesting that 
online curriculum designers should consider the characteristics of cognitive style, 
and before the course begins, preschool children’s cognitive style should be exam-
ined. Furthermore, appropriate learning methods can automatically be matched 
accordingly.

Nevertheless, we did not find a main effect of self-control or interaction between 
self-control and learning method, which was also one of the limitations of our study 
and was not consistent with previous studies that suggested that self-control was an 
important predictor of preschool children’s performance (Wolfe & Johnson, 1995). 
Blair and Razza (2010) showed that self-control in traditional learning could sig-
nificantly predict children’s achievement in phonological awareness, vocabulary 
knowledge, etc. However, Ponitz et al. (2009) suggested that self-control predicted 
gains from the beginning to the end of the kindergarten year in math skills but not 
in vocabulary or print knowledge. The Go-No-Go task requires children to begin to 
react to the information presented to them (e.g., do not tap the screen when specific 
pictures are presented), and it is also a language-independent construct that taps into 
underlying mental processes rather than specific knowledge (Lonigan et al., 2017). 
Therefore, it is not surprising that self-control did not affect children’s English learn-
ing outcomes. Currently, no evidence demonstrates that self-control and learning 
methods can affect online English learning together, and we have not drawn this 
conclusion. Self-control and learning methods may correspond to different informa-
tion processing and play unique roles in children’s learning processes, leading to the 
noninteraction of self-control and learning methods.

6 � Limitations and future research

This study is limited to learning performance in preschool children for only several 
classes and a relatively small sample size. Although we controlled for gender and 
age when the data analysis was conducted, the conclusions we drew still need to 
be corroborated by other studies. Future studies are recommended to be conducted 
in the same and different settings for different age groups and different subjects to 
further generalize this study. Furthermore, although the present study indicated that 
self-control did not affect children’s online English learning outcomes, the evidence 
is inconclusive and needs to be examined further. In addition, it is also likely that the 
multimethod measurement of the self-control task should be used in future studies. 
Moreover, preschool children’s cognitive characteristics are rapidly developing dur-
ing this stage and may change with age. Cognitive characteristics are measured only 
once by the method of experiment in this study; hence, future studies should explore 
whether learning outcomes are affected by cognitive characteristics and learning 
methods together at several time points and whether the effect emerges among dif-
ferent age groups, thereby providing more detailed evidence of the dynamic interac-
tion between cognitive characteristics and learning methods.
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7 � Conclusion

To conclude, this research, cognitive style and learning method not only affected 
children’s online English learning performance independently but also affected 
the learning effect together. Specifically, FID preschool children performed better 
than FM and FD children in the online learning condition, and they performed well 
regardless of the learning methods, while FM and FD children performed better only 
when they adopted learning methods with feedback-based testing. In addition, there 
is a testing effect for preschool children when learning online. However, self-control 
cannot affect their English online learning performance independently, nor can inter-
action with learning methods affect online learning performance. Furthermore, these 
findings may provide insights for online learning curriculum designers, and it is pos-
sible to help children learn better by adding tests and feedback in designing online 
learning steps and considering the characteristics of children’s cognitive styles in the 
curriculum. Hence, it is important for parents to identify these FID and FM children 
before they start learning, leaving parents to provide more support for them and help 
them select more suitable online courses.
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