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Abstract

Background: Mobile devices, specifically smartphones and tablets, are aimed to change learning and teaching methods innova-
tively. The purpose of this study was to investigate the effect of mobile learning applications on high-level cognitive skills.
Methods: This quasi-experimental study with a pretest-posttest design and a control group was performed among all female stu-
dents of the 10th grade of math-physics branch of district 10 of Tehran (n = 30) during 2016 - 2017. The participants were selected using
the convenience sampling method and randomly assigned into experimental and control groups. The research tools were Heppner-
Peterson Problem Solving Inventory (1982) and Cassidy-Long Problem Solving Style Inventory (1996). Learning content (statistical
lesson) were presented via a mobile application named “GeoGebra” during eight 1-hour sessions, while the control group partic-
ipated in a lecture-based classroom. Before starting the course, a pre-test was performed in both groups, and after passing eight
1-hour sessions, a post-test was carried out in both groups. The data were analyzed using analysis of covariance in SPSS version 20.
Results: The results showed a significant difference between the groups in terms of problem solving abilities (F = 29.77, P < 0.001)
and problem solving style (F = 25.72, P < 0.001), in favor of the experimental group, reflected the positive effect of the intervention
on the experimental group.
Conclusions: Considering that mobile learning applications have a positive effect on students’ high-level cognitive skills, teachers
are recommended to use this method in their classrooms.
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1. Background

The number of mobile cellular network subscribers
was estimated at seven billion in 2016 (1). Mobile technolo-
gies have altered our daily lives in ways such as connectiv-
ity, communication, and cooperation (2). Mobile devices
(specifically smartphones and tablets) are aimed to change
learning and teaching methods innovatively (3). However,
it is indicated that mobile learning cannot replace formal
education, but it offers methods to support learning out-
side the classroom and brings advantages to different in-
teractional situations (4).

With the use of mobile devices in learning and teach-
ing activities, the term “mobile learning” has emerged (5).
The definition of mobile learning has varied over time and
is affected by emerging technologies. McQuiggan et al.
defined mobile learning as instant and optionally accessi-
ble, anywhere and anytime learning, which helps us cre-
ate our knowledge, satisfy our curiosity, collaborate with
others, and enrich our experiences (2). Mobile learning

technology has opened new doors in public education
and learning and has made learning distributable at any
time and place (6). According to (7), mobile learning ben-
efits include portability, individuality, simplicity, accessi-
bility at all places, continuality, sustainability, and user-
friendliness.

Mobile applications are considered to have the men-
tioned features and are so attractive for teachers and stu-
dents due to their accessibility. These applications al-
low learners to create a collaborative community in asyn-
chronous E-learning environments. Mobile applications
are useful for learning oral and memorial contents that
are difficult for young students to comprehend. Flexibil-
ity in smart applications helps students to be their own
teachers. For example, they can choose a subject, view the
relevant content, and share it in a collaborative commu-
nity among friends and teachers (8). Several researchers (9)
have examined the role of mobile applications in student
achievement and attitudes, and concluded it is more un-
derstandable for students to work with smartphones be-
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cause of their easiness and attractiveness and the ability to
deliver educational content in multimedia and animation
forms, which can be effective in redefining the ideas and
enhancing students’ creativity.

One of the benefits of using smart applications is cre-
ating real-world simulated 3D spaces. Using parables and
anecdotes is considered as an old teaching method, with
the help of smart applications, stories and parables can be
presented in 3D form in classrooms, which can be useful
for lessons like mathematics and geometry (10).

When the learner encounters a situation where his cur-
rent information is not sufficient to solve a problem, we say
that he is faced with a problem-solving situation. In educa-
tional context, problem solving refers to learning to solve
real-life problems with the knowledge and skills acquired,
which may not guarantee the best-fit solution but it is con-
sidered to be as one of the high-level cognitive skills. (11).

Even though problem solving originates from cogni-
tive and experimental psychology, it has received exten-
sive attention from educational researchers throughout
the world. Problem solving is one of the important goals
of learning, affecting development of creativity and inno-
vation and helping people to solve problems in an inno-
vative way. Considering the importance of human men-
tal development and creativity and boosting problem solv-
ing skills in educational systems, as well as the growing use
of mobile applications by most students, investigating the
impact of mobile applications on problem solving skills as
one of the most important high-level cognitive skills is es-
sential. The purpose of this study was to investigate the
effect of mobile learning applications on high-level cogni-
tive skills. Research hypotheses include:

- Mobile learning applications have a positive impact
on students’ appraisals of their problem-solving abilities.

- Mobile learning application have a positive effect on
students’ problem solving style.

2. Methods

This quasi-experimental study with a pretest-posttest
design was conducted among all female students of the
10th grade of mathematics-physics branch of district 10 of
Tehran, Iran (n = 30), during the academic year 2016 - 2017.
The participants were selected using the convenience sam-
pling method and randomly assigned to control and ex-
perimental groups (n = 15 participants in each group). A
mobile learning-based strategy was used in the experimen-
tal group, while the control group were taught in a tradi-
tional learning environment. In the experimental group,
learning content (statistical lesson) was presented via a
mathematics mobile application named “GeoGebra” dur-

ing eight 1-hour sessions, whereas the control group par-
ticipated in a lecture-based classroom.

The research tools were Heppner-Peterson Problem
Solving Inventory (12) and Cassidy-Long Problem Solving
Style Inventory (13). Heppner and Peterson Problem Solv-
ing Inventory is designed to measure the respondent’s un-
derstanding of their problem-solving abilities. This in-
ventory contains 35 items (3 filler items) and three sub-
scales of problem solving confidence (11 items), approach-
avoidance style (16 items), and personal control (5 items).
All the items are scored based on a six-point Likert scale,
ranging from 1 = Strongly Agree to 6 = Strongly Disagree
with the lowest score indicating the highest level of aware-
ness of problem solving abilities. The total score can be
calculated as a general index of problem-solving appraisal
that ranges from 32 to 192. Internal consistency has been
obtained 0.90 for the whole questionnaire, and 0.85, 0.84,
and 0.72 for the sub-scales of problem solving confidence,
approach-avoidance style, and personal control, respec-
tively. Test-retest reliability ranged between 0.83 and 0.89
in a two-week interval, and the total Cronbach’s alpha was
0.76. In a research by Khosravi et al. (14), Cronbach’s alpha
coefficient was obtained to be 0.86, which confirms the de-
sirable reliability of the scale. Also, principal component
analysis indicated that the items of the questionnaire are
generally correlated with the three factors showing accept-
able construct validity of the scale. In addition, to assessing
content validity of the questionnaire, some experts’ opin-
ions on the extent of instrument content and research pur-
pose coordination were examined. The questionnaire was
given to nine experts to comment on it. Content validity in-
dex (CVI) was used to assess content validity quantitatively.
CVI was calculated to be 0.79, representing acceptable va-
lidity of the questionnaire.

To measure problem-solving style, the Cassidy-Long
Problem Solving Style Inventory was employed. This
scale includes 24 items and six sub-scales of helplessness,
problem-solving control, creativity, confidence, avoidance,
and approach styles that measure each style by using four
questions. The Cronbach’s alpha reliability of the men-
tioned subscales was obtained 0.86, 0.60, 0.66, 0.66, 0.51,
and 0.53, respectively, and 0.78 for the whole question-
naire. The questions are scored based on the answers yes =
1, no = 0, and I do not know = 0.5. The results show that the
item, which gained the highest score, is used by the respon-
dent as a technique of solving problems when faced with a
problem. A total score can be calculated that ranges from
0 to 24. Also, in research (15), its reliability was established
by a Cronbach’s alpha of 0.77. In a study by Mohammadi
and Sahebi (16), the internal reliability of the test using the
Cronbach’s alpha coefficient was equal to 0.60. In addi-
tion, Cronbach’s alpha coefficient in the study of (17) was
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equal to 0.77 and its validity coefficient was reported 0.87.
The results of Mohammadi (18) showed a significant corre-
lation between the subscales ranging from 0.51 to 0.72 in-
dicating the convergent validity of the scale. The question-
naire was given to nine experts to comment on it. CVI was
used to assess content validity quantitatively. CVI was cal-
culated to be 0.82, representing acceptable validity of the
questionnaire. In Figure 1, a screenshot of the software en-
vironment is displayed.

To analyze the research data, descriptive and inferen-
tial statistics were employed. In the descriptive statistics
section, the data were described using mean and standard
deviation. In the inferential statistics section, analysis of
covariance test was employed to modify the pre-test and
control its effects on the post-test results. All the statistical
analyses were performed in SPSS, version 20.

3. Results

The demographic characteristics of the participants
are presented in Table 1. The participants’ age ranged from
15 to 18 years. Data on hours of mobile and tablet usage
are shown. Table 2 presents the mean scores of problem-
solving abilities and problem solving style of the exper-
imental and control groups at the pre-test and post-test
stages. Analysis of covariance was used to examine the
research hypotheses. In analysis of covariance, it is nec-
essary to observe some assumptions. In this study, we
first addressed the following assumptions: The assump-
tion of the normal distribution of data was examined us-
ing Kolmogorov-Smirnov test, which showed the statisti-
cal values for problem-solving ability and problem solving
style were 1.322 and 1.022, respectively, which according to
the significance level of 0.05, are less than the critical value
of the table for the confidence level of 0.95 (1.96), there-
fore, data are considered normal. To examine the homo-
geneity of variances, Levene’s test was run and the results
showed the significance level was greater than 0.05 (P >
0.05), thus, the assumption of homogeneity of variances
was confirmed.

Homogeneity of regression slope is one of the other as-
sumptions, the results of which were as follows:

For problem solving ability F = 2.11, P > 0.05, and for
problem solving style, F = 1.24, P > 0.05 and because the
calculated significance levels were greater than 0.05, the
homogeneity of regression slope was confirmed.

The results of analysis of covariance for hypothesis 1
(mobile learning application has a positive effect on stu-
dent’s problem solving abilities) are presented in Table 3.

As shown in Table 3, after modifying the pre-test scores
as a covariate variable, group had a significant effect on
the post-test scores (F = 29.77, P < 0.001). Therefore,

the research hypothesis was confirmed. It can also be
pointed out that considering Eta square, 42% of the post-
test changes (problem solving abilities) were due to the ef-
fect of the intervention in the experimental group.

The results of analysis of covariance for hypothesis 2
(mobile learning applications have a positive effect on stu-
dents’ problem-solving style) are presented in Table 4.

As shown in Table 4, after modifying the pre-test scores
as a covariate variable, group had a significant effect on the
post-test scores (F = 25.72 , P < 0.001). Therefore, the re-
search hypothesis was confirmed. It can be stated that con-
sidering Eta square, 39% of the post-test changes (problem
solving style) were due to the effect of educational inter-
vention in the experimental group.

4. Discussion

The purpose of this study was to investigate the ef-
fect of mobile learning applications on high-level cogni-
tive skills. The results revealed that mobile learning-based
strategy had a positive impact on perceived problem solv-
ing abilities and style of students. These findings are con-
sistent with previous results such as those of the study by
Khosravi et al. , Taradi et al. (14, 16).

Baek and Tuati in his research on mathematics and mo-
bile learning, explored the effect of smartphones on math-
ematic learning of students and concluded that mobile
learning applications had an significant impact on math-
ematics learning (19).

Similarly, Seals et al. (8) used a number of smart appli-
cations simultaneously in mathematics learning, and con-
cluded that the use of these software programs has led to
independence in the learning of individuals and practic-
ing of individual learning, and with their help, learning
of mathematics concepts and their understanding is facil-
itated. According to Kukulska-Hulme and Shield, in addi-
tion to individual learning, the interaction created by en-
gagement in group activities among students adds to the
learning-remembering motivation of students (19).

Sayed used mobile learning to teach foreign languages
and concluded that mobile learning and smartphones are
good tools for teaching and learning foreign languages
and they can be used as self-study or supplementary mate-
rials in classrooms (10). The variables of attention and per-
ception of learning concepts and learner’s attitudes were
also considered as learning objectives.

Taradi et al. studied English language learning and
the development of verbal intelligence among students
through mobile learning. In that study, they designed a
special software and their statistical analysis showed that
using mobile learning technology could boost verbal intel-
ligence and comprehension of learning concepts (20).
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Figure 1. Software environment

Table 1. Demographic Characteristics of the Participants

Age
Hours of

Mobile and
Tablet Usage

Experiment Group Control Group Total

Frequency Percentage Frequency Percentage Frequency Percentage

15 1 3 2 13.33 20 2 3 10 6 4 6 13 20

16 3 3 8 53.33 20 6 7 23.33 20 12 14 40 46.66

17 3 4 4 26.66 26.66 4 3 10 13 8 6 26 20

18 4 5 1 6.66 33.33 3 2 6.66 10 6 4 20 13.32

Table 2. Mean Scores of Problem Solving Abilities and Problem Solving Style in the
Experimental and Control Groupsa

Variable/Group Problem Solving
Abilities

Problem Solving Style

Experiment group

Pre-test 152.32 ± 1.02 15.23 ± 0.98

Post-test 76.51 ± 0.72 23.72 ± 0.97

Control group

Pre-test 150.87 ± 1.15 15.07 ± 0.96

Post-test 149.23 ± 0.91 16.31 ± 0.96

a Values are expressed as mean ± SD.

Read et al. believed that 86% of people are interact-
ing with communication tools such as smartphones, and
this can be effective in their hidden learning and most of
these applications can zoom in on self-assessment activi-

ties. They also proposed that this technology helps people
to carry out their activities or exercises automatically (21).

Leonardi measured the conceptual frameworks of lan-
guage applications and believed that teachers can use
these frameworks to provide E-learning in a hybrid or non-
synthetic manner. Some of these frameworks depend on
variables such as time, location, and type of activity (22).

Given the previous findings and the importance of
educational applications and smartphones in education,
utilizing and interacting with this technology model en-
riches individual learning, enhances individuals’ attitudes
towards learning and themselves, and increases the use of
self-assessment systems in individual development. These
applications provide a variety of educational content such
as the multimedia or real-life teaching materials such
as video and animation, which are suitable for teaching
courses such as mathematics, languages, social skills, and
sciences.
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Table 3. Univariate Analysis of Covariance Results for Comparison of Students’ Problem Solving Abilities in the Experimental and Control Groups

Source Sum of Squares Mean Square f Sig Partial Eta Squared

Pre-test 18.23 18.23 4.71 < 0.05 0.09

Group 115.21 115.21 29.77 < 0.001 0.42

Error 104.54 3.87

Total 1222.93

Table 4. Univariate Analysis of Covariance Results for Comparison of Students’ Problem-Solving Style in the Experimental and Control Groups

Variation Source Sum of Squares Mean of Squares f Statistic Significance Level Partial Eta Squared

Pre-test 12.05 12.05 3.43 < 0.05 0.07

Group 90.31 90.31 25.72 < 0.001 0.39

Error 94.96 3.51

Total 14415.87

Kukulska-Hulme and Shield held that the key deter-
minant in the success of mobile learning applications is
teachers. A teacher who cannot use the technology appro-
priately cannot be a good transporter (19).

The collaborative use of these applications is such that
it enables individuals to solve problems in virtual com-
munication and simultaneously with each other. Atten-
dance, engagement, and participation of learners in prob-
lem solving causes development of interpersonal skills
and mental flexibility and creation of an environment of
respect for different tastes and opinions and achieving mu-
tual understanding.

According to the mentioned points, these applications
can be used to develop learning-remembering of students
both inside and outside the classroom and increase stu-
dents’ understanding of problems. Further, mobile educa-
tion and smartphones can be applied in the field of men-
tal health development because the communication and
information technology and its entry into the educational
system contributes the learning of such concepts as re-
alism, self-expression skills, and social consistency. Since
most people in the age of technology spend their time on
virtual social networking or entertainment, it is important
to address mental health in relation to this technology, and
researchers are suggested to investigate the effects of mo-
bile educational systems on mental health variables.

To develop education, many of the concepts that are
beyond the scope of educational systems or school hours
can be incorporated into games and simulations in smart
applications. In conclusion, the following suggestions
based on the research findings regarding the advantages
of smart applications can be presented.

- Paying attention to the collaborative nature of learn-
ing and the use of applications in a collaborative commu-

nity.
- Studying the effect of applications on students’ learn-

ing motivation.
- Investigating the impact of smart applications on aca-

demic achievement.
- Measuring the level of communication skills of stu-

dents using smart applications.
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