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Abstract

The effect of guidance for supporting student inquiry-based learning in a computer 
learning environment has been investigated. However, the effect of mobile learning 
guidance tools during an inquiry-based learning session in a non-virtual learning 
environment has rarely been investigated. The aim of this study was to investigate the 
impact of mobile learning guidance tools specifically on the learning experience and 
learning outcomes of primary students involved in an inquiry physical (non-virtual 
learning) science training session. A control group was involved in a conventional 
learning inquiry-based learning and an experimental group used mobile learning 
guidance for studying astronomy during an inquiry-based learning session. The 
findings showed that the mobile learning approach improves the learning experience 
of primary students, regardless of their initial knowledge of the subject studied. The 
mobile learning and the conventional approaches significantly improved primary 
students’ learning outcomes with no clear benefit for either condition.

Keywords 
Mobile learning, learning experience, learning outcomes, inquiry learning, Primary 
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Résumé

L’effet d’un outil de guidage en mobile learning au cours d’une session d’apprentissage 
basée sur l’investigation dans un environnement d’apprentissage non virtuel a 
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rarement été étudié. L’objectif de cette étude est d’examiner l’impact des outils 
de ce guidage sur l’expérience d’apprentissage et les apprentissages des élèves du 
primaire participant à une session de formation en sciences. Un groupe contrôle 
a participé à une formation conventionnelle basée sur l’investigation et un groupe 
expérimental a utilisé des outils de guidage mobile lors d’une même session de 
formation en astronomie. Les résultats ont montré que l’approche guidée via mobile 
learning améliore l’expérience d’apprentissage des élèves du primaire, quelles 
que soient leurs connaissances initiales du sujet étudié. Les deux approches ont 
néanmoins amélioré de manière significative les résultats d’apprentissage des élèves 
du primaire, sans aucun avantage significatif pour l’une ou l’autre des conditions.

Mots–Clés 
Apprentissage mobile, expérience d’apprentissage, résultats d’apprentissage, 
démarche d’investigation, élèves du primaire
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Introduction

The use of digital technology in schools and more particularly mobile learning is grow-
ing (Crompton et al., 2016). Mobile learning refers to the act of learning using handheld 
devices such as digital tablets, mobile phones or laptops. It involves the mobility of 
learning, technology and the learner (El-Hussein & Cronje, 2010; El-Sofany & El-Haggar, 
2020; Ligi & Raja, 2017). 

Much research on the use of digital tools and especially mobile learning is ongoing 
in multiple domains and at all levels (Arain et al., 2018; Chen & Huang, 2023; Crompton 
et al., 2016; Huang et al., 2020; Rusmono et al., 2019), including for science in primary 
schools (Crompton et al., 2016). In many studies, the use of mobile learning in the 
classroom improves learning outcomes (Crompton et al., 2016; Rusmono et al., 2019; 
Suprianto et al., 2019) as well as the learning experience of students (Chen et al., 2022; 
Huang et al., 2016; Leung & Cheng, 2019). Moreover, recent evidence highlights that dig-
ital tools may have varying impacts on low and high achievers in terms of engagement 
and learning performance: it  facilitates high achievers’ engagement (Chen et al., 2022) 
and improves low and high learning students’ achievement (Li et al., 2021).

Through a scope literature review on inquiry-based mobile learning in secondary 
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school science education, Liu et al. (2021) demonstrated how the topic has already been 
investigated in the past decade. Nevertheless, according to our knowledge, inquiry-
based mobile learning applied to primary school science education has been much 
more rarely investigated.  Moreover, when mobile learning is integrated in the inquiry-
based approach, this technology is usually used as an autonomous learning environment 
and not as a support for guiding students across non-virtual  activities (Zacharia et 
al., 2015). Considering, the few studies investigating the use of mobile learning in the 
inquiry-based learning approach for primary school students in astronomy (Fleck & 
Simon, 2013; Fleck et al., 2015; Midak et al., 2020) none of them used mobile learning as 
a guidance tool through the different stages of the investigation process.

In this study we will pay particular attention on the role of the mobile learning 
approach for an astronomy subject in primary schools. The main objective of this 
research is to study the impact of the use of a mobile learning for guiding students 
across the inquiry-based learning activities and its specific influence on the learning 
outcomes and learning experience. According to the previous studies we expect to find 
a difference in the impact of learning experience, especially engagement and learning 
outcomes in favour of the high achiever students (Chen et al., 2022). 

Τheoretical framework

Mobile learning as cognitive support 
Despite the lack of studies investigating the role of mobile learning in inquiry-based 
learning at primary school, the effect of using mobile learning on learning outcomes 
has been investigated in different classroom contexts at primary schools (Crompton 
et al., 2016; Rusmono et al., 2019; Suprianto et al., 2019). In most studies, such as Arain 
et al. (2018) and Rusmono et al. (2019), the approach was to apply experimental meth-
ods to compare the use of a mobile learning tool with the use of more conventional 
classroom tools, showing that mobile learning improves students’ learning outcomes  
(Arain et al., 2018; Chen & Huang, 2023; El-Sofany & El-Haggar, 2020; Huang et al., 2020; 
Rusmono et al., 2019; Suprianto et al., 2019; Zhonggen et al., 2019).   

Rusmono et al. (2019) noted significant changes in the learning outcomes of primary 
school students compared with the use of conventional teaching materials. The use of 
mobile learning allows primary school students to significantly increase their learning 
outcome scores regardless of their starting level. 

The use of mobile learning may be coupled with human intervention in order to 
improve students’ learning outcomes (Huang et al., 2016). Similarly, Huang et al. (2020) 
showed that cooperative learning around a mobile learning tool improved the learning 
outcomes of primary school students on natural science topics. 
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Mobile learning for learning guidance 
The level of guidance across learning activities may strongly impact the learning pro-
cess. Moli et al. (2016) showed that a high level of guidance during learning simulation 
about density helped students better understand such a complex scientific concept. 
In the same way, Chamberlain et al. (2014), explored how the level of guidance may 
affect student engagement with an interactive simulation. Interestingly, they found that 
a high degree of guidance negatively impacted student engagement. While a correct 
proportion of guidance during learning activity has to be respected, there is no unique 
way to guide learners across activities. Hence, de Jong and Lazonder (2014) proposed a 
first typology of guidance composed of three main types: heuristics, scaffolds and direct 
presentation of information. Later and based on other studies on guidance in comput-
er-supported inquiry learning (de Jong, 2006; Van Joolingen & de Jong, 2003; Veermans, 
2003 etc.). Zacharia et al. (2015) updated this first typology: process constraints, per-
formance dashboard, prompts, heuristics, scaffolds, direct presentation of information. 
In our study, mobile guidance is considered as prompt guidance. Prompts come in the 
form of assignments asking them to explain the observed phenomenon or in the form 
of question-prompts (and feedback) allowing students to assess their own learning.

Mobile learning as learning experience support
Learning experience refers to the process by which students reflect on their person-
al experience. Through the interactive process of learning experience, students gain 
personal experience with which they understand the main elements of learning tasks 
(Huang et al., 2016; Kolb et al., 2001). While the learning experience may be analysed 
in different ways, in this study, we focused our approach on the studies by Huang et 
al. (2016) and Fu et al. (2009). Fu et al. in 2009 defined the experience of “egame flow” 
in dimensions including autonomy, feedback, immersion and social interaction, also 
called peer instruction. Huang et al. (2016) identified learning experience through oth-
er dimensions: engagement, competence, challenge and interest. Hence, in our study 
four dimensions from those previous studies were investigated: engagement, challenge, 
interest and peer instruction. 

Mobile learning impact on low and high achievers’ learning activities 
Li et al. (2021) showed that the device offered to students, whether high or low achiev-
ers, had no impact on the students’ experience. Mobile learning improves the intrinsic 
motivation and learning strategy (metacognition and resource management) of low 
achiever students (Wang & Jou, 2023). The use of mobile learning allows low achiever 
students to improve their learning outcomes as they have the opportunity to practise 
the lesson for a longer time (Figueiredo et al., 2016). As with low achiever students, the 
use of inquiry-based digital learning allows high achiever students to increase their per-
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formance including their problem-solving skills used in inquiry-based learning (Sotiriou 
et al., 2020). This positive impact of digital skills is stronger for low-achieving students 
(Pagani et al., 2016; Vavasseur et al., 2020). Moreover, Yusoff and Mazwati (2018) showed 
that during inquiry-based learning, low achievers express their opinions more easily 
and show a higher capacity for concentration and engagement whereas low performing 
students were led to develop better reasoning skills.

Inquiry-based learning approach
The concept of inquiry-based learning can be defined in many different ways (Suárez et 
al., 2018). However, Pedaste et al. (2015) based on a meta-analysis of 32 articles tried to 
identify a trend among the multiplicity of studies approaching this teaching method. They 
constructed an inquiry-based learning framework with five phases, as summarized in Table 
1: Orientation (fostering the learners’ “curiosity”), conceptualization (drawing up research 
questions and hypotheses), investigation (exploring and experimenting phase), conclusion 
(phase of identifying the main findings), discussion (a phase which is transversal to the 
other phases, fostering communication and reflection). This framework is seen as a circle 
including many relationships and feedback loops between the different phases (Mayer et 
al., 2014; Pillar et al., 2018; Yanto et al., 2019; Zimmerman, 2000). 

Table 1

Summary of the five phases of the inquiry-based learning framework

Phases Definition

Orientation The phase fostering the learners’ curiosity and the statement of the problem to be 
solved.

Conceptualization The phase of the generation of research questions and hypotheses.

Investigation The phase allowing learners to explore or experiment, to collect and analyse data based 
on the designed protocol.

Conclusion The phase allows learners to note findings and compare them with the tested hypothe-
ses. At the end it is possible to identify the main findings extracted from the data analysis.

Discussion

Is a transversal phase including communication and reflection. Communication is defined 
as the process of debating, discussing or sharing with others any information seen during 
the other phases of the inquiry. 
Reflection is connected to the idea that the learners have to make sense about what they 
are learning during the different phases of the inquiry circle.

It is important to note that, in our context, the French curriculum promotes the 
inquiry approach at primary school. The teaching scenario proposed in this study is 
based on the inquiry model drawn up by Pedaste et al. (2015).
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Common misconceptions about the alternation of night and day 
Apart from the use of innovative tools, one of the main obstacles to learning 
about the alternation of day and night comes from pupils’ misconceptions. These 
misconceptions deal with the conceptions that students may have. When students 
come to the classroom, they already have a few ideas and beliefs about the world 
and phenomena around them. These ideas influence how children perceive the 
world, how they interpret it and how they acquire new knowledge. However, mis-
conceptions, the conceptions with which students comes to the classroom, can 
be a hindrance to understanding a concept, even when it is a complex concept 
such as the alternation of day and night. This is why it is necessary for the teacher 
to gather the students’ conceptions from the beginning of the class (Megalakaki 
& Labrell, 2009).

This misconceptions deal with different categories like : (1) the construction of the 
Earth-Sun system, which may or may not include the Moon in its generality, (2) the 
position and apparent movement of the Sun, (3) the shape of these objects (Earth and 
Sun), (4) the place occupied by people (a specific point on the Earth), (6) the move-
ments and interactions between them and (7) conceptions of the model of the alter-
nation of day and night (Frède & Venturini, 2006; Jelinek, 2020). These misconceptions 
must be considered by teachers from the outset, since it is these conceptions that will 
evolve as students learn. Six misconceptions that students bring into the classroom 
have been clearly identified in the literature : (1) the Sun goes behind hills, (2) clouds 
cover the Sun, (3) the Moon covers the Sun, (4) the Sun goes behind the Earth once a 
day, (5) the Earth goes around the Sun once a day, (6) the Earth spins on its axis once 
a day (Baxter, 1989). 

In tackling a demanding scientific subject, it becomes crucial for researchers and 
education practitioners to discern learning scenarios that facilitate knowledge acquisi-
tion and foster engaging learning experiences. Consequently, this study aims to delve 
into the utilization of mobile learning as prompt instruction guidance during inquiry-
based education for young students. Given the limited exploration of this objective 
in the scientific literature, this study seeks to contribute to bridging the gap between 
research and practice in science education.

Research question and hypotheses 
The aim of this study is to investigate the impact of a mobile learning tool, as prompt 
instruction guidance, on learning outcomes and learning experience in a primary school 
inquiry-based science learning context. We ask the following question: how does the 
use of mobile learning as prompt guidance impact the learning experience and learning 
outcomes of primary school students?

Based on the literature review, three hypotheses are tested:
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1.	� The use of mobile learning as a guidance tool improves primary students’ learning 
outcomes.

2.	� The use of mobile learning as a guidance tool enhances primary students’ learning 
experience.

3.	� The use of mobile learning as a guidance tool enhances specifically the learning 
experience of low achiever primary students. 

Material and method

Samples
An experimental protocol was set up to address the research questions. The sample 
consisted of  42 primary students (9.7 years old) from French primary schools. The 
students participated in a face-to-face training session for 90 minutes. The session was 
run by the two usual teachers. 

The experimental group (n=23) learned with the mobile learning prompt guidance 
system and the control group (n=19) learned with conventional learning materials. In 
both groups, the inquiry process allowed students to alternate between individual 
work, small work groups (3 students) and a whole-class group for the discussion phase. 

Materials
Both groups (control and experimental) followed a very similar science education 
training about the alternation of day and night. The course content for the two groups 
is identical. During the activities, students dealt with concepts necessary to understand 
the alternation of night and day.

The experimental group used tablets integrating the guidance tool designed before-
hand by the authors of the study on the ARTEfac app. ARTEfac (Aix-Marseille-Université, 
2020) is a free mobile learning application which created at Aix-Marseille University by 
researchers and an instructional designer with the support of university science trainers. 
In this application it is possible for teachers to create multimedia mobile activities. The 
inquiry scenario was composed of documents, 3D animation, videos and quizzes (Figure 
1a and Figure 1b). with digital prompt guidance coming to reinforce the teacher guidance 
for the experimental group. In our research context, the use of the mobile learning tool 
(ARTEfac) did not require any prior learning. The students used the application for the 
very first time. And they were not familiar with using a digital in different leaning contexts. 
But we considered that the affordance of the tool makes ARTEfac easier to use.
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Example of a 3D animation and prompt guidance (English translation from French)

Figure 1a

Figure 1b

Example of images and prompt guidance (English translation from French)

The control group used conventional materials (mainly paper documents, images and 
videos projected on the board) and benefited only from the teacher guidance across 
the different inquiry-based steps (whereas the same learning material with prompt 
guidance was available on the tablets for the experimental groups).
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Teaching scenario
The main objective of the training session was to understand the phenomenon of the 
alternation of day and night. The teaching scenario tackled the common misconception 
about the alternation of night and day. Hence, the students had to follow an educational 
scenario consisting of six main steps following an inquiry-based approach. 

The teacher began with a context and introduction by putting the student in the 
position of an experimenter and more particularly a “young scientist” through a role-
play scenario that presents the objective of the session. The students were guided 
through the first steps by pictures with explanations in text format representing the 
apparent movement of the Sun, the Earth in shadow and light and a quiz (quiz to focus 
their attention on the most important concepts). 

Figure 1c

Example of images (as quiz) proposed to the students (English translation from French)

Once the students had taken the quiz (Figure 1c) and had understood that the Earth 
rotates on itself and that not all points on the globe are lit at the same time, they 
moved on to the second phase of the scenario: experimentation. Then, the teacher 
started the experimentation phase where the students were able to use the different 
models proposed by the teacher for the experimentation. This stage begins with a 
whole-class experiment. The teacher proposed a class activity based on the manipu-
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lation of a globe and a torchlight. Throughout this activity, students worked in small 
groups with torchlights representing the Sun and Earth globes in order to check their 
hypotheses. In this way, the teacher introduced the Earth’s direction of rotation, its 
axis of rotation and its rotational motion to help students continue the activities on 
their own. Afterwards, to stabilize understanding of the night-day process, the students 
observed two 3D animations covering the different themes discussed above as well 
as the Earth’s revolution around the Sun, supported by explanatory texts. Finally, the 
teacher led the students to answer the question posed at the beginning of the session. 
The students concluded with the experiments carried out in class (Table 2).

Table 2
Treatment conditions in experimental and control groups across the inquiry phases

Inquiry phases
Steps of the 

learning scenario

Experimental group: mobile 
learning material and digital 

guidance

Control group: conventional 
material and guidance not 

digitally supported

Orientation

Step 1:  
introduction

Image of the apparent move-
ment of the Sun with explanato-
ry prompt guiding text inviting 
students to focus on the most 
important information.

Image of the apparent move-
ment of the Sun with overhead 
projector and oral explanation. 

Step 2:   
questioning  
students

Image of the Earth (day and night) 
and quiz available on tablets with 
prompt feedback inviting stu-
dents to reflect and respond 
again if the answer is wrong or 
continue if the answer is right.

Image of the Earth (day and 
night) with overhead projector 
and pen and paper quiz with oral 
teacher feedback.

Conceptualization
Step 3: hypothesis 
generation

Tablet prompt guidance invit-
ing students to discuss and list 
hypotheses with the teacher. 

Teacher invites students to dis-
cuss and list hypotheses.

Investigation

Step 4:  
experimentation

Step 5:  
experimentation 
viewing 3D  
animation 

Modelling night and day alter-
nation using Earth globes and 
flashlights. 

Short movie of day and night 
alternation on tablets with 
prompt guidance inviting stu-
dents to be focused on the most 
important aspects of the movie.

Modelling night and day alter-
nation using Earth globes and 
flashlights. 

Short movie of day and night 
alternation with overhead pro-
jector.

Conclusion
Step 6: 
conclusion viewing 
3D animation

Reading a text and viewing a 
short movie of the solar system 
on tablets with prompt guid-
ance inviting students to focus 
on the most important aspects 
of the text and the movie.

Reading a text and viewing a 
short movie of the solar system 
with overhead projector with 
teacher guidance.
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The protocol for testing our hypotheses is summarized in Figure 2. The time devot-
ed to completing in pre- and post-tests was approximately 10 min for each of them. 
Hence, slightly more than one hour was devoted to the science training session for 
each treatment condition.

Figure 2

Summary of the protocol: difference and similarity between experimental and control groups

Testing learning outcomes and learning experience
The pre-test consisted of a questionnaire measuring the students’ initial knowledge 
(see example of an item in Figure 3). The questionnaire is identical for the experimen-
tal and the control groups and was based on five closed questions on the targeted 
knowledge of the alternation of day and night. The students could choose to tick only 
one of the three answers given (“true”, “false” or “I don’t know”). A correct answer is 
coded 1 while an incorrect or “don’t know” answer is coded 0. We chose to include a 
“don’t know” answer to avoid random answers.  The total score for learning outcomes 
is calculated out of five points. 

Figure 3

Item 3 assessing learning outcomes (English translation from French)
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During the post-testing phase, the questionnaire measuring knowledge was used just 
after the training session (strictly identical to the pre-test knowledge questionnaire) 
(Figure 3). Moreover, a second questionnaire assessing the students’ learning experience 
was also administrated during this phase (Figure 4). In our study, we chose to use closed 
questions to measure the different dimensions of the students’ learning experience. 
We made this choice to compensate the different levels of written expression of the 
students. Indeed, it will be easier for a young student to self-assess his or her level of 
agreement by choosing an answer to tick, rather than arguing in writing. Hence, this ques-
tionnaire consisted of 12 closed questions. Each group of three items measures different 
dimensions of the learning experience (engagement, challenge, interest and peer instruc-
tion). We are aware that the dimension of student engagement comprises three axes: the 
behavioural dimension, the cognitive dimension, and the affective dimension. However, in 
the context of our study we will focus on the affective dimension of students, i.e. the atti-
tudes and feelings of the student towards the activities proposed in class (Archambault 
& Vandenbossche-Makombo, 2014). The students’ answers were coded as follows: 0 for 
totally disagree, 1 for disagree, 2 for agree and 3 for totally agree. This test was adapted 
from Huang et al. (2016) and Fu et al. (2009).

Figure 4

Learning experience assessment, some examples:  items 1 (engagement), 4 (challenge), 7 (interest) and 
10 (peer instruction) (English translation from French)

Statistics
None of the sample comparisons met the assumption of normality (Shapiro-Wilk test; 
p<0.05. Thus, nonparametric tests were used in the present study. However, an excep-
tion was found when considering the comparison of experimental and control groups 
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regarding learning experience (Shapiro-Wilk test; p>0.05). Thus, parametric tests were 
used in this specific case. The significance level is considered at p=0.05 or lower. More 
specifically, significant results were interpreted as follows: p<0.05, significant (*); p<0.01, 
highly significant (**); p<0.001, very highly significant (***) and p>0.05, not significant (NS). 
All the statistical analyses were computed using the R software (V. 4.1.3).

In order to investigate the impact of mobile learning on lower and higher achievers, 
each student in both conditions was classified as a lower achiever when his or her 
initial pre-test score was below the class median (experimental: n=14; control: n=12) or 
a higher achiever when the pre-test score was above the median.

Results 

Influence of mobile learning on learning experience 
Table 3 shows that the experimental group has a significantly higher average learning 
experience (composed of the four learning experience dimensions) than the control 
group (experimental group=1.70 and control group=1.02). This difference was tested 
using an independent samples t-test, which revealed a very highly significant difference 
between the two groups, t(33)=4.67, p<0.001. 

Table 3

Comparison of learning experience scores of the experimental and control groups

Learning experience, global  
mean (out of 4)

P-value (Mann-Whitney)

Experimental 4.35
p=0.002**

Control 3.21

Figure 5 details the four analysed dimensions of the learning experience. The exper-
imental group has better learning experience in engagement (M=2.58) and interest 
(M=2.36) than the control group (engagement=0.84 and interest=0.96). This difference 
was tested using a Mann-Whitney test, which revealed highly or very significant differ-
ences between the two groups (engagement: p<0.001 and interest: p<0.001). By con-
trast, we find no significant differences between the two groups for the two indicators 
challenge (p=0.58) and peer instruction (p=0.06). 
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Figure 5

Comparison of learning experience scores (means) of the experimental and control groups. The cross 
represents the average score, the horizontal bars represent inter-individual medians, amplitude of rec-
tangles the 25%-75% deviation of the individual data and the vertical bars the min-max deviations of 
the individual data

Impact of mobile learning on learning experience of lower and higher 
achiever students 
Table 4 and Table 5 illustrate learning experience global scores of lower achievers 
(Table 4) and higher achievers (Table 5) in experimental and control groups. The low-
er achievers obtained a significantly better score in the experimental group (M=1.69, 
p=0.004) than in the control group (M=1.08). Similarly, the higher achievers in the 
experimental group obtained a better learning experience score (M=1.72) than those 
in the control group (M=0.92, p=0.007). 

Table 4

Comparison of learning experience means of the lower achievers in the experimental  
and control groups

Lower achiever
 students

Learning experience,  
global mean (out of 4)

P-value (Mann-Whitney)

Experimental 1.69
p = 0.004**

Control 1.08
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Table 5

Comparison of learning experience means of the higher achievers in the experimental and control groups

Higher achiever  
students

Learning experience,  
global mean (out of 4)

P-value (Mann-Whitney)

Experimental 1.72
p = 0.007**

Control 0.92

According to Figure 6, the lower achievers obtained significant better engagement 
(M=2.55) and interest (M=2.40) scores in the experimental group than in the control 
group (engagement: M=0.92, p< 0.001 and interest: M=1.11, p=0.001). However, the low 
achievers in the control group tend to interact more with one another. Hence, the peer 
instruction dimension is significantly higher (p=0.05) in the control group (M=0.92) 
than in the experimental group (M=0.43). No significant difference is noted for the 
challenge (experimental: M=1.38 and control: M=1.39; p=0,69).

The higher achievers in the experimental group obtained significantly better scores 
in engagement (M=2.62, p=0.002) and interest (M=2.30; p=0.006; Figure 7) than those 
in the control group (engagement=0.71 and interest=0.71). However, there is no sig-
nificant difference for the dimensions challenge (experimental=1.40 and control=1.61, 
p=0.66) and peer instruction (experimental=0.55 and control=0.62, p=0.7) for the 
higher achievers. 
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Figure 6

Learning experience scores (means) of the lower achievers in the experimental group and the lower 
achievers in the control group. The cross represents the average, the horizontal bars represent inter-indi-
vidual medians, amplitude of rectangles the 25%-75% deviation of the individual data and the vertical 
bars the min-max deviations of the individual data

Figure 7

Comparison of learning experience scores (means) of the experimental higher achiever and control higher 
achiever groups. The cross represents the average, the horizontal bars represent inter-individual medians, 
amplitude of rectangles the 25%-75% deviation of the individual data and the vertical bars the min-max 
deviations of the individual data
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Impact of mobile learning on learning outcomes 
Table 6 illustrates a significant improvement in learning outcomes for the experimental 
group and the control group in pre-test (p=0.002) and in post-test (p=0.04). However, 
as shown, there was no significant difference in progression for either group (p=0.68). 

Table 6

Learning outcome scores of the experimental and control groups in pre- and post-tests

Mean learning 
outcomes: pre-test 

(out of 5)

Mean learning  
outcomes: post-test 

(out of 5)

p-value
(Wilcoxon paired)

Experimental 4.35 4.78 p = 0.004**

Control 3.21 4.16 p = 0.022*

p-value (Mann-Whitney) p=0.002* p=0.04*

The low achiever primary students obtain better learning outcomes in the experi-
mental group (pre-test=3.93 and post-test=4.71) than those in the control group (pre-
test=2.42 and post-test=4). Table 7 shows a significant difference between the two 
groups for pre-test (p<0.001) but not for post-test (p=0.07). The low achiever students 
in the control group tend to progress more than the low achiever students in the 
experimental group (p=0.036). 

Table 7

Learning outcome scores of the low achiever students in experimental and control groups in pre-test, post-
tests and progress

Low achiever students
Mean learning  

outcomes: pre-test 
(out of 5)

Mean learning out-
comes:  post-test  

(out of 5)
Progression

Experimental 3.93 4.71 0.78

Control 2.42 4 1.58

p-value (Mann-Whitney) p<0.001*** p=0.07 p=0.036*
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Discussion

Mobile learning influences learning experience and low achiever 
students’ learning outcomes
The aim of this study was to investigate the impact of a mobile learning guidance tool 
on learning outcomes and the learning experience in a primary school context.

Firstly, through the analysis of the learning experience, the use of a mobile learning 
guidance tool can improve the learning experience of primary students around an 
astronomy question. As demonstrated by Huang et al. (2016) mobile learning guid-
ance coupled to human guidance can improve students’ learning experience, especially 
regarding their engagement and interest. These dimensions are important in students’ 
learning. Indeed, when mobile learning is coupled with a collaborative learning approach 
(Huang et al., 2020) and human intervention (Huang et al., 2016), the mobile learning 
device has a positive impact on the learning experience. According to our results, 
inquiry-based learning supported by a mobile learning guidance tool has a positive 
impact on the learning experience especially on interest. The inquiry-based learning is 
a fundamental approach in everyday life, but it can be complex to understand and learn. 
In fact, the inquiry approach is a complex overall process requiring many interactions 
between phases (Pedaste et al., 2015). However, it is divided into different phases. The 
advantage of mobile learning guidance is therefore that each phase of the process can 
be clearly split into different stages. We think that, making the inquiry process much 
more evident allowing better students’ attitudes concerning the learning experience 
(except for peer instruction dimension). However, even when properly guided, the use 
of digital tools requires teacher support (Huang et al., 2016). As suggested by Franklin & 
Peng (2008), mobile learning offers the potential of enhancing the educational process.

We observed that the students in the experimental group asserted to communicate 
less with peers than the students in the control group (peer instructions dimension). 
Our findings would seem to show that the use of a mobile learning tool as a guide in 
inquiry approach allows students to stay focus more on the learning objectives. Hence, 
they do not feel the necessity to communicate with peers. From our point of view, 
this aspect can be as well seen as an issue. Because all the dimensions of the learning 
experience, it is peer instructions that contributes most to improve learning outcomes. 
Since peer communication is one of the important aspects of inquiry-based learning, we 
recommend to any instructor to pay attention to that dimension during inquiry phases 
when using mobile learning guidance. 

Mobile learning as an instruction prompt tool during inquiry-based science activities 
improved students’ learning experience regardless of their initial knowledge (higher or 
lower achievers). The impact is particularly high on the learning experiment dimensions 
of engagement and interest. These results confirm previous studies showing that the 
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level of engagement (Skilling et al., 2021) and interest (Huang et al., 2016) are enhanced. 
We found that mobile learning as an instruction prompt is efficient on high and low 
achiever students’ learning experience, especially on engagement, whereas Chen et al. 
(2022) show that mobile learning only facilitates high achiever students’ engagement. 
We found that mobile learning as an instruction prompt is effective on the learning 
experience and especially on engagement for both high and low achiever students, 
whereas Chen et al. (2022) showed that mobile learning could facilitate the engage-
ment of high achiever students. 

We have shown that whatever the student’s initial level, guidance via a mobile 
learning tool improves the student’s level of engagement and interest. The improved 
levels of engagement and interest in the use of mobile learning could be explained 
by the novelty of this tool. When students discover the digital tool, it could provoke 
more attention than a tool usually used in the classroom because of its novelty. Primary 
school students are not used to using digital tablets in the classroom. Consequently, 
this new use would increase their engagement and interest because of their attitudes 
towards digital technology. Students would focus all their attention on the use of digital 
technology, which would enable them to engage with the affective dimension of the 
concept of engagement (Archambault & Vandenbossche-Makombo, 2014). However, the 
low achievers’ students’ attitude towards digital tools and the inequalities in their initial 
results could also explain the fact that the low achievers’ students have lower learning 
progress than the control group. Indeed, we supposed that when students use a new 
tool, they focus mainly on its overall use and less on the content it offers. This could 
also explain why the lowest-performing students receive more help and communicate 
more with each other when they use more traditional learning tools. The lowest-per-
forming students would concentrate more on the fun aspect and on the use of the 
digital tool rather than on its content and on the collaboration, they could have with 
their peers.

Also, each group independently improves its learning outcomes. Our study revealed 
that the use of mobile learning does not improve students’ learning outcomes com-
pared with a much more conventional approach.  This is in contradiction with many 
studies (Arain et al., 2018; El-Sofany & El-Haggar, 2020; Huang et al., 2020; Rusmono et 
al., 2019; Suprianto et al., 2019; Zhonggen et al., 2019, etc.), since we found that despite 
the clear difference in the level of learning experience, students did not reach better 
learning outcome scores with mobile learning.  

Study limitations and perspectives
We are aware that our research may have three limitations. The first is that we used 
mainly nonparametric statistical tests because the restricted number of primary stu-
dents in the sample did not allow us to use parametric statistical tests, especially for 
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low achiever students (type II error may occur). Using nonparametric statistical tests 
is limited for detecting significant differences. For this reason, to support the results, 
it would be interesting to extend the sample size and perform parametric tests (by 
improving the power of the statistical tests).

The second and third limitations are related to the initial level of the students. For 
a large proportion of the students, the experimental group already had a better initial 
level in comparison with the control group. This raises two main limitations: (1) this 
difference does not allow us to have two exactly similar samples in terms of initial 
knowledge, (2) the scope for improvement of learning outcomes is much more limited 
when the initial knowledge is already high. 

Conclusion

The aim of this study was to investigate the impact of a mobile learning tool as prompt 
guidance for supporting inquiry-based learning on learning outcomes and the learning 
experience in an inquiry-based primary school learning approach. This study showed 
that the use of a mobile learning approach compared with the conventional approach: 
(1) improved the learning experience of primary students, (2) improved the learning 
experience of primary students regardless of their initial knowledge, (3) impacted pri-
mary student learning outcomes compared with a group which was not using mobile 
devices.

The use of inquiry-based mobile learning as a guide to learning about the alterna-
tion of day and night has a positive impact on primary school students’ perception of 
their own learning experience. Usually, when students perceive their learning experi-
ence as positive, it enhances the learning of knowledge and skills related to the topic 
(Tsai et al., 2021). However, to low achievers’ students this was not the case in our 
study. This could be explained by the very positive learning experience of the low 
achievers’ students towards the use of an innovative tool in the classroom. Students 
would focus more on the tool than on the content knowledge. Consequently, the use 
of mobile learning based on the inquiry approach as a guide has a favourable impact on 
learning, even though there are no clear benefit for either condition, and is of pedagog-
ical interest in science learning.

Our study adds value to the science education research field by investigating the 
impact of incorporating mobile devices as a straightforward prompt guidance tool, 
complementing teacher activities. Our results indicate a notable enhancement in the 
learning experience and, to a lesser extent, in knowledge acquisition. We believe that 
this study holds potential benefits for education practitioners seeking to create engag-
ing and valuable learning scenarios in science education.



REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 25

Mobile learning as instruction prompt guidance to support the inquiry-based learning process:  

an experimental study on primary school students

Acknowledgements

This work was supported by the Excellence Initiative of Aix-Marseille University - 
A*MIDEX, under Grant IDEX No. AAP-2017-AE-57 and the French Ministry of Higher 
Education, Research and Innovation under the Doctoral Grant. 

This work was carried out within the pilot centre Ampiric, funded by the French 
State’s Future Investment Program (PIA3/France Relance) as part of the “Territories of 
Educational Innovation” action.

We thank Julie Velut for their valuable contribution in developing the scenario.

References

Aix-Marseille-Université. (2020). ARTEfac (version 1.2.6) [Mobile app]. In Google Play Store and 
App store. (Web site to create learning modules). https://artefac.univ-amu.fr/

Arain, A. A., Hussain, Z., Rizvi, W. H., & Vighio, M. S. (2018). An analysis of the influence of a mobile 
learning application on the learning outcomes of higher education students. Universal Access 
in the Information Society, 17(2), 325‑334. 

Archambault, I., & Vandenbossche-Makombo, J. (2014). Validation de l’échelle des dimensions de 
l’engagement scolaire (ÉDES) chez les élèves du primaire. Canadian Journal of Behavioural 
Science, 46(2), 275‑288. 

Baxter, J. (1989). Children’s understanding of familiar astronomical events. International Journal of 
Science Education, 11, 502‑513.

Chamberlain, J. M., Lancaster, K., Parson, R., & Perkins, Katherine. K. (2014). How guidance affects 
student engagement with an interactive simulation. Chemistry Education Research and Practice, 
15, 628‑638. 

Chen, C. C., & Huang, P. H. (2023). The effects of STEAM-based mobile learning on learning 
achievement and cognitive load. Interactive Learning Environments, 31(1), 100-116. https://doi.org
/10.1080/10494820.2020.1761838

Chen, M.-R. A., Hwang, G.-J., Lin, Y.-H., Abou-Khalil, V., Li, H., & Ogata, H. (2022). A reading 
engagement-promoting strategy to facilitate EFL students’ mobile learning achievement, 
behaviour and engagement. International Journal of Mobile Learning and Organisation, 16(4), 
489‑506. 

Crompton, H., Burke, D., Gregory, K. H., & Gräbe, C. (2016). The use of mobile learning in Sci-
ence : A systematic review. Journal of Science Education and Technology, 25(2), 149‑160. 

de Jong, T. (2006). Technological advances in Inquiry Learning. Science, 312(5773), 532‑533. 
de Jong, T., & Lazonder, A. W. (2014). The guided discovery principle in multimedia learning. In R. 

E. Mayer (Ed.), The Cambridge handbook of multimedia learning, 2nd edition (pp. 371-390). Cam-
bridge University Press. 

El-Hussein, M. O. M., & Cronje, J. C. (2010). Defining Mobile Learning in the Higher Education 
landscape. Journal of Educational Technology & Society, 13(3), 12‑21.

El-Sofany, H., & El-Haggar, N. (2020). The effectiveness of using Mobile Learning techniques to improve 
learning outcomes in Higher Education. International Association of Online Engineering. https://
www.learntechlib.org/p/216981/



26

ELENA MARTIN, JÉRÉMY CASTÉRA, HÉLÈNE CHENEVAL-ARMAND,  

SABRINA MARCHI,  PASCALE BRANDT-POMARES

Figueiredo, M. J. G., Godejord, B., & Rodrigues, J. I. (2016). The development of an interactive 
Mathematics APP for Mobile Learning. In Proceedings of 12th International Conference on Mobile 
Learning 2016 (pp. 75-81). Vilamoura, Portugal.

Fleck, S., & Simon, G. (2013). An Augmented Reality environment for Astronomy learning in ele-
mentary grades: An exploratory study. In Proceedings of the 25th Conference on l’Interaction 
Homme-Machine (pp. 14‑22). IHM.

Fleck, S., Hachet, M., & Bastien, J. M. C. (2015). Marker-based augmented reality : Instruction-
al-design to improve children interactions with astronomical concepts. In Proceedings of the 
14th International Conference on Interaction Design and Children (pp. 21‑28). Association for 
Computing Machinery. 

Franklin, T., & Peng, L.-W. (2008). Mobile math: Math educators and students engage in mobile 
learning. Journal of Computing in Higher Education, 20(2), 69‑80.

Frède, V., & Venturini, P. (2006). Exploration des conceptions en astronomie de futurs professeurs 
d’école / Exploring pre-service elementary teachers’ conceptions of astronomy concepts. 
Didaskalia, 29(1), 41‑65. 

Fu, F.-L., Su, R.-C., & Yu, S.-C. (2009). EGameFlow : A scale to measure learners’ enjoyment of 
e-learning games. Computers & Education, 52(1), 101‑112. 

Huang, P.-S., Chiu, P.-S., Huang, Y.-M., Zhong, H.-X., & Lai, C.-F. (2020). Cooperative Mobile Learn-
ing for the Investigation of Natural Science Courses in Elementary Schools. Sustainability, 
12(16). https://doi.org/10.3390/su12166606

Huang, T. C., Chen, C. C., & Chou, Y. W. (2016). Animating eco-education : To see, feel, and discover in 
an augmented reality-based experiential learning environment. Computers & Education, 96, 72‑82. 

Jelinek, J. (2020). Children’s Astronomy. Shape of the earth, location of people on earth and the 
day/night cycle according to polish children between 5 and 8 years of age. Review of Science, 
Mathematics and ICT Education, 14(1), 69‑87. 

Kolb, D. A., Boyatzis, R. E., & Mainemelis, C. (2001). Experiential learning theory: Previous research 
and new directions. In L. Zhang (Ed.), Perspectives on thinking, learning, and cognitive styles (pp. 
227-247). Mahwah, NJ: Lawrence Erlbaum Associates.

Leung, C. H., & Cheng, S. C. L. (2019). An Empirical Study on Integration of Experiential Learning 
and Mobile Learning. Asian Journal of Empirical Research, 9(4). https://doi.org/10.18488/jour-
nal.1007/2019.9.4/1007.4.88.98

Li, F. Y., Hwang, G. J., Chen, P. Y., & Lin, Y. J. (2021). Effects of a concept mapping-based two-tier 
test strategy on students’ digital game-based learning performances and behavioral patterns. 
Computers & Education, 173, 104293. https://doi.org/10.1016/j.compedu.2021.104293

Ligi, B., & Raja, B. W. D. (2017). Mobile Learning in Higher Education. International Journal of Research 
- GRANTHAALAYAH, 5(4(SE)). https://doi.org/10.29121/granthaalayah.v5.i4(SE).2017.1942

Liu, C., Zowghi, D., Kearney, M., & Bano, M. (2021). Inquiry-based mobile learning in secondary 
school science education : A systematic review. Journal of Computer Assisted Learning, 37(1), 
1‑23.

Mayer, D., Sodian, B., Koerber, S., & Schwippert, K. (2014). Scientific reasoning in elementary school 
children : Assessment and relations with cognitive abilities. Learning and Instruction, 29, 43‑55. 

Megalakaki, O., & Labrell, F. (2009). Les conceptions naïves : Connaissances organisées, bases des 
changements conceptuels. Psychologie Francaise, 54, 1‑9. 

Midak, L., Kravets, I., Kuzyshyn, O., Berladyniuk, K., Buzhdyhan, K., Baziuk, L., & Uchitel, A. (2020). Aug-



REVIEW OF SCIENCE, MATHEMATICS and ICT EDUCATION 27

Mobile learning as instruction prompt guidance to support the inquiry-based learning process:  

an experimental study on primary school students

mented reality in process of studying astronomic concepts in primary school. In CEUR Work-
shop Proceedings (Vol. 2731, pp. 239-250). http://194.44.152.155:8080/handle/123456789/14889.

Moli, L., Delserieys, A., Impedovo, M. A., & Castera, J. (2017). Learning density in Vanuatu high 
school with computer simulation: Influence of different levels of guidance. Education and 
Information Technologies, 22(4), 19471964.

Pagani, L., Argentin, G., Gui, M., & Stanca, L. (2016). The impact of digital skills on educational 
outcomes : Evidence from performance tests. Educational Studies, 42(2), 137‑162. 

Pedaste, M., Mäeots, M., Siiman, L. A., de Jong, T., van Riesen, S. A. N., Kamp, E. T., Manoli, C. C., 
Zacharia, Z. C., & Tsourlidaki, E. (2015). Phases of inquiry-based learning: Definitions and the 
inquiry cycle. Educational Research Review, 14, 47‑61.

Pillar, G. A., Aguja, S. E., & Prudene, M. S. (2018). Scientific reasoning skills of grade 5 pupils 
in learning plant propagation using interactive applications. Advanced Science Letters, 24(11), 
8407‑8409. 

Rusmono, R., Winarsih, M., & Hardiansyah, H. (2019). Effect of teaching material based on mobile 
learning to learning outcomes of natural environment. Journal of Physics: Conference Series, 
1402(7), 077076. https://doi.org/10.1088/1742-6596/1402/7/077076.

Skilling, K., Bobis, J., & Martin, A. J. (2021). The “ins and outs” of student engagement in mathe-
matics : Shifts in engagement factors among high and low achievers. Mathematics Education 
Research Journal, 33(3), 469‑493. 

Sotiriou, S. A., Lazoudis, A., & Bogner, F. X. (2020). Inquiry-based learning and E-learning : How 
to serve high and low achievers. Smart Learning Environments, 7(1), 29. https://doi.org/10.1186/
s40561-020-00130-x

Suárez, Á., Specht, M., Prinsen, F., Kalz, M., & Ternier, S. (2018). A review of the types of mobile 
activities in mobile inquiry-based learning. Computers & Education, 118, 38‑55. 

Suprianto, A., Ahmadi, F., & Suminar, T. (2019). The development of Mathematics Mobile Learning 
media to improve students’ autonomous and learning outcomes. Journal of Primary Education, 
8(1), 84-91.

Tsai, C.-L., Ku, H.-Y., & Campbell, A. (2021). Impacts of course activities on student perceptions 
of engagement and learning online. Distance Education, 42(1), 106‑125. 

Van Joolingen, W. R., & de Jong, T. (2003). Simquest. In T. Murray, S. B. Blessing & S. Ainsworth 
(Éds), Authoring tools for advanced technology learning environment : Toward cost-effective adaptive, 
interactive and intelligent educational software (pp. 1‑31). Springer Netherlands. 

Vavasseur, A., Muscari, F., Meyrignac, O., Nodot, M., Dedouit, F., Revel-Mouroz, P., Dercle, L., Rozen-
blum, L., Wang, L., Maulat, C., Rousseau, H., Otal, P., Dercle, L., & Mokrane, F. Z. (2020). Blended 
learning of radiology improves medical students’ performance, satisfaction, and engagement. 
Insights into Imaging, 11(1), 61. https://doi.org/10.1186/s13244-020-00865-8

Veermans, M. (2003). Students’ interest in collaborative learning and technology. An unpublished pilot 
study for the project WebTV for Schools : TV Programme for Students by Students on the Web.

Wang, J., & Jou, M. (2023). The influence of mobile-learning flipped classrooms on the emotional 
learning and cognitive flexibility of students of different levels of learning achievement. Inter-
active Learning Environments, 31(3), 1309-1321. 

Yanto, B. E., Subali, B., & Suyanto, S. (2019). Measurement Instrument of Scientific Reasoning Test 
for Biology Education Students. International Journal of Instruction, 12(1), 1383‑1398.

Yusoff, W., & Mazwati, W. (2018). The impact of philosophical inquiry method on classroom 



28

ELENA MARTIN, JÉRÉMY CASTÉRA, HÉLÈNE CHENEVAL-ARMAND,  

SABRINA MARCHI,  PASCALE BRANDT-POMARES

engagement and reasoning skills of low achievers. Journal of Curriculum and Teaching, 7(1), 
135‑146.

Zacharia, Z. C., Manoli, C., Xenofontos, N., de Jong, T., Pedaste, M., van Riesen, S. A. N., Kamp, E. T., 
Mäeots, M., Siiman, L., & Tsourlidaki, E. (2015). Identifying potential types of guidance for sup-
porting student inquiry when using virtual and remote labs in science : A literature review. 
Educational Technology Research and Development, 63(2), 257‑302. 

Zhonggen, Y., Ying, Z., Zhichun, Y., & Wentao, C. (2019). Student satisfaction, learning outcomes, 
and cognitive loads with a mobile learning platform. Computer Assisted Language Learning, 
32(4), 323‑341. 

Zimmerman, C. (2000). The development of scientific reasoning skills. Developmental Review, 20(1), 
99‑149. 


