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Mobile technologies have started to be preferred as a new learning technology in teaching and learning. 
Considering the need for adequate and rapid feedback in solving mathematical problems that students 
have difficulty with reflects the need for a different educational practice and technology. In this study, 
based on design-based research (DBR) model, a mobile application was developed, which enables the 
extension of the traditional classroom to a virtual space, where students can practice mathematical 
problem solving and easily access solutions. The purpose of this study was to determine which 
mathematics questions that students have difficulty in solving are mainly distributed over which 
subjects and learning outcomes, and to reveal the cognitive levels of the questions sent. The findings 
revealed that 'numbers and algebra' was the learning domain, and ‘derivate’ was the subject, which 
students had the most difficulty with. Moreover, the questions were found to be mostly at the cognitive 
levels of understanding and applying in Bloom’s Taxonomy. Based on the results, it can be concluded 
that the mathematics mobile application can be used as an alternative tool examining the learning 
outcomes and cognitive levels of students.  
 
Key words: Mobile app, design and development, mobile learning, mathematics education, learning outcomes. 

 
 
INTRODUCTION 
 
With the increase in the processing power of mobile 
devices, a wide range of mobile applications have 
entered and are entering the market, and the number of 
those that can be used for educational purposes is 
increasing. Rapid developments in mobile technologies 
have paved the way for different and new formations in 
education. Mobile technologies, which developed with the 

concept of networked society or mobile society, have 
affected learning processes and approaches (Gan and 
Balakrishnan, 2017), and have led to the start of a new 
era in education (Huang et al.,  2010) by providing 
"learning on-the-go" and "just-in-time learning" (Zoraini et 
al., 2009).  

The tendency  of students  to  mobile  technology,  their  
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adaptation in a short time and their enthusiasm for this 
technology has attracted the attention of educators. For 
this reason, the necessity of this technology, which has 
an important place in the social and cultural activities of 
students, was strongly felt in the field of education. 
Mobile devices provide a critical source of information 
and motivation for students' learning experiences, as 
students often develop a strong attachment to and never 
let go of their mobile devices. Students have started to 
use mobile technologies, especially smart phones 
(Davies et al., 2012), as a mobile learning platform that 
enables them to develop their individual and independent 
learning (Nedungadi and Raman, 2012) at their own 
learning pace and to access information quickly on the go 
(Gikas and Grant, 2013), regardless of time and place. 

Mobile learning appears to have an impact on 
education (Alden, 2013) and be considered as engaging 
and useful in many different contexts, with different target 
groups (Baya‟a and Daher, 2009; Kalloo and Mohan, 
2012). For instance, it is suggested that the integration of 
mobile technologies into mathematics teaching and 
learning could provide more meaningful, practical, and 
engaging learning experience (Bray and Tangney, 2016). 
Learning mathematics can be a struggle as well as 
challenge for many students, at which point effective use 
of technology by both teachers and students can help to 
increase students' motivation, bring out the inspiration to 
learn, and foster understanding of math. In addition, the 
use of technology in learning mathematics can reduce 
math errors as it helps students focus more and use their 
time efficiently (Wadlington and Wadlington, 2008). 
Hegedus et al. (2015) reported that their hypothesis was 
supported in their study such that the implementation of 
technology in a high school mathematics course 
improved student engagement, teacher-student 
interaction, and students‟ test results. In recent years, a 
number of review studies have been conducted with 
regards to mobile technologies, in other words, mobile 
learning in mathematics. Crompton and Burke‟s (2017) 
found out in their literature review study that there is a 
rising interest in mobile technologies supporting positive 
learning outcomes in mathematics. Moreover, Fabian et 
al. (2016) reviewed 31 studies, the majority of which 
reported mobile technologies improved students‟ 
success. On the other hand, student success is affected 
by numerous factors (curriculum, students‟ self-efficacy, 
parents‟ socio-economic status, etc.) (Hattie, 2009) but 
teacher support including providing feedback and 
guidance to difficult math problems play a critical role in 
improving student achievement in significant ways 
(Cornelius-White, 2007; Roorda et al., 2011). Students 
perceive teacher support in a way that they receive their 
teacher‟s care, respect, approval, and assistance (Klem 
and Connell, 2004; Ryan and Patrick, 2001).  

Mathematics has been a problematic subject for 
students all over the world. It is not easy to develop skills, 
especially in solving mathematical  problems  and  finding  

Sarıtaş          235 
 
 
 
elegant and alternative solutions when faced with 
challenging conditions. 

The quantitative multiplicity caused by the increase in 
the number of students in Turkiye every year, the 
placement of students in the educational institutions 
through examinations, and the supply-demand imbalance 
between the number of students and the number of 
schools make student selection exams mandatory 
(Gundogdu et al., 2010). The exam taken by students in 
the last year of secondary education to transfer to a 
higher education institution is a multiple-choice exam. 

These exams in the education system lead students to 
solve more questions. In particular, high school students 
who wish to be placed in a university are expected to 
solve math problems regularly and systematically, and 
engage in meaningful analysis and comparison of those. 
The acquisition of mathematics knowledge and problem 
solving skills in high school is essential for students‟ 
enrollment to a major at the university, and their career 
success in a progressively high-tech economy (Geiser 
and Santelices, 2007; National Mathematics Advisory 
Panel, 2008; Wang, 2013). However, traditional 
mathematics instruction may not be sufficient for 
improving problem solving skills. Besides, required to be 
solving many math problems can be burdensome for 
students. 

In general, primary school children can solve math 
problems with the help of their parents. On the other 
hand, the ability of parents to support children in the 
following years of education becomes very limited 
according to their education level. Families seek various 
solutions according to their economic situation; however, 
they may not have the resources to support their children, 
for instance, on private lessons. In case of a math 
question that cannot be solved, students ask someone 
else, usually their teacher to solve the question. 
However, there are some limitations at this point. 

In order to present the question, it is necessary to find a 
suitable time for the teacher during school hours and 
consult the teacher for a solution. This situation limits 
problem solving to school time. When students leave 
their questions blank to be solved later and continue with 
other questions, similar questions or questions on other 
topics are also left blank as the question at firsthand left 
blank was not answered. This leads to stacked questions 
that need to be resolved. 

Therefore, the construction of semantic knowledge on 
the math subject remained unfinished, which possibly 
lead to a failure in math. 

Being successful or failed in mathematics, particularly 
in the case of solving higher-order math questions, is 
profoundly reliant on in what way the students are 
provided with the feedback (Hattie and Timperley, 2007). 
Feedback hence can promote and support students to 
develop their mindset and go further in their learning 
experience to achieve desired success goals (Guskey, 
2010). It  is  important  for students to have their teacher's  
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solution to check for the "correct" solution(s) (Nicol and 
Macfarlane-Dick, 2006). Although it is accepted that 
being involved in the higher-order thinking process by 
solving math questions and getting teacher support for 
this may be factors for students' math academic success, 
there are fewer studies on these factors in the context of 
mobile platform.  

High school students, in particular, need to have a 
continuous, and fast feedback and support by the 
teachers in solving mathematics questions, which might 
help them become successful at the university entrance 
exam. This process is significant especially for the 
students coming from a low socio-economic status. High 
school students try to find solutions and realize their 
shortcomings by asking their teachers about the 
problems they cannot answer. Being able to reach a 
solution by sharing the questions in a digital platform can 
provide an important convenience for the students. A 
digital platform where many students share only the 
questions they cannot solve among thousands of 
questions from different educational resources can 
provide important data in determining the learning 
outcomes that students cannot reach. Learning outcomes 
are decisive in teaching activities and the distribution of 
the questions shared by the students according to the 
learning outcomes is important. Since learning outcomes 
have an impact on students' learning processes, it is of 
great importance to determine learning outcomes 
correctly. Additionally, despite a growing body of 
research on mobile math learning, learning outcomes in 
high school using this mobile technology have rarely 
been studied. 

Through such mobile learning platform, it can also be 
revealed that cognitive levels students have difficulty in 
reaching. A mobile learning platform to be developed for 
this purpose can contribute to the determination of the 
learning outcomes that can be reached and the cognitive 
levels of the students. In this study, a mobile application 
was developed in order to determine which mathematics 
questions that students have difficulty in solving are 
mainly distributed over which mathematics subjects and 
learning outcomes, and to reveal the cognitive levels of 
the questions sent. The present study both describes the 
design and development process of a mobile application 
and answers the following research questions:  

 
1. In which mathematics subjects and learning domains 
did students have the most difficulty in problem solving 
and sought support for their solution? 
2. At which cognitive levels are the learning domain 
questions that students have the most difficulty with?  
3. What is the distribution of these cognitive levels among 
classes in high school? 
4. In this learning domain, what math learning outcomes 
and associated cognitive level did students submit the 
most questions about?  
3.  What   are   the   teachers'   experiences    and   views 

 
 
 
 
on using the mobile learning application? 
 
 
METHODS 
 

In this study, design-based research (DBR) model involving a mixed 
method approach was conducted as it focuses on the design, 
production, implementation, and an impact of a learning initiative in 
practice in real educational contexts. The study adapted the 
processes of DBR by (Reeves, 2006:59): 1) Analysis of Practical 
Problems by Research and Practitioners in Collaboration as 
„Analysis Stage‟, 2) Development of Solutions Informed by Existing 
Design Principles and Technological Innovations as „Design and 
Development of the Technological Innovation - Mobile App Stage‟, 
3) Iterative Cycles of Testing and Refinement of Solutions in 
Practice as „Testing and Refinement Stage‟, and 4) Reflection to 
Produce “Design Principles” and Enhance Solutions Implementation 
as „Implementation of the Mobile App Stage‟. 

Design-based research has important features in designing and 
testing of educational interventions and solutions, such that it 
involves both quantitative and qualitative methods and supports 
design principles through participatory and collaborative work 
(Anderson and Shattuck, 2012; Design-Based Research Collective, 
2003).  

In the quantitative part of the present study, descriptive statistics 
obtained from the mobile learning platform was used to examine 
and determine the distribution of questions based on learning 
outcomes and cognitive categories of Bloom‟s taxonomy. In the 
qualitative part, semi-structured interviews were conducted with the 
purpose of obtaining teachers‟ experiences in and opinions about 
using the mobile app.  
 
 

Design and development of mobile learning application 
 
Since the dialogue and communication between teachers and 
students is not always as desired, it was thought to create a digital 
tool, namely a mobile application, that would facilitate and be useful 
in solving mathematics problems. The mobile application called 
“Matematik Cepte (Mathematics in Pocket)” was an innovative 
application that provides versatile communication between target 
groups, exchanges mathematics questions and answers, creates 
and manages a pool of mathematics questions and answers based 
on specific mathematics topics, and ultimately creates a learning 
community. The impact of this learning community depends on 
mathematics teachers' involvement and commitment to their 
important role in providing feedback. In times of urgent need, the 
presence of feedback and assistance is essential to reinforce 
students' motivation and success. This mobile app, which was free 
of access upon registration and was available for users in partner 
schools, was expected to be useful in developing this community 
action and bridging the gap between students' need for help and 
their success in solving math problems. The following stages for the 
design and production of a mobile application based on DBR are 
explained.  
 
 

Analysis  
 

User analysis  
 

Needs analysis was conducted for all beneficiaries based on user 
experience (UX). 
 
 

System analysis  
 

Technical requirements were determined. 
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Table 1. High School (9th, 10th, 11th, 12th grades) mathematics learning domains (Milli Egitim Bakanligi, 2018). 
 

Learning domain No. Sub learning domain  Learning domain No. Sub learning domain 

A. Numbers and Algebra 

9.1. Logic 

B. Geometry 

  

9.2. Sets 9.4. Triangles 

9.3. Equities and Inequalities 10.5. Quadrilateral and Polygons 

10.2. Functions 10.6. Solid Geometry 

10.3. Polynomials 11.1. Trigonometry 

10.4. Second Degree Equations 11.2. Analytical Geometry 

11.3. Applications in Functions 11.5. Circle and Disc 

11.4. Equities and Inequalities Systems 11.6. Solid Geometry 

12.1. Exponential and Logarithmic Functions 12.3. Trigonometry 

12.2. Sequences 12.4. Transformations 

12.5. Derivative 12.7. Analytical Geometry 

12.6. Integral 

C. Data, Counting and Probability 

9.5. Data 

  10.1. Counting and Probability 

  11.7. Probability 
 

Source: Milli Egitim Bakanligi (2018) 

 
 
 
Task and content analysis  
 
The math question submission, solution and feedback 
process were determined. 

 
 
Design and development of the technological 
innovation - Mobile app 
 
Interface design  

 
Designing and creating math-specific mobile user 
interfaces to increase user friendliness according to user 
preferences. According to the user ergonomics of a mobile 
device, form factors such as screen size, minimizing 
keystrokes, offering image sharing and being task-oriented 
were taken into account. 
 

 
Bidirectional system operation and pool system  

 
This phase was about the design with regards  to  how  the  

application would function, how its related elements would 
be arranged, and how users would fulfill their tasks. 
Designing the pool tool to enable registered users to reach 
and share all the questions and answers saved in the 
system.  
 

 

Data labelling system  
 
All questions (as in image files) sent by students were 
solved, labelled and submitted to the question pool by 
teachers according to specific mathematics topics. The 
categorization of questions based on labelling process 
helped learners to easily search the math topics in the pool 
and access the relevant questions and their solutions. The 
learning domains and sub-learning domains in the high 
school mathematics curriculum (Milli Egitim Bakanligi, 
2018) (Table 1) were taken into consideration to create a 
list of math topics.   

In order to increase the effective use of mobile app, 
more math topics were included in the learning domains. 
For instance, Greatest Common Divisor (GCD), Least 
Common  Multiple  (LCM)   and   Absolute   Value  subjects 

which are in the sub-learning domain of "Equities and 
Inequalities" were presented separately in the app. Thanks 
to this topic classification, it tried to create a structure that 
is more useful for students and teachers in which they can 
access questions about a particular topic more easily. 
Thus, there were a total of 61 mathematics topics in the 
application (Table 2). While creating the topics, it was 
aimed that the students and teachers understand the 
content of the question more easily. 

 
 
Integration of system user analytics  

 
Considering system security according to determined 
criteria, this phase is about designing a mobile platform as 
well as an associated 'web platform' 
(http://math.dijitaladam.com/login.html) to manage user 
registration and analytics that provide statistical 
information. Table 3 and Figure 1 give some examples for 
statistical information, or findings. However, the purpose of 
the present study is different and will not focus on the 
findings indicated in the tables. 
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Table 2. Mathematics topics in the mobile learning app. 
 

S/N Mathematics topics in the learning app  S/N Mathematics topics in the learning app 

1 Side angle  31 Median  

2 Bisector  32 Analytical study of cones 

3 Relation and function  33 Sphere, cone, cylinder 

4 Division-divisibility  34 Sets, clusters 

5 Factorization   35 Limit and continuity 

6 Angle in a circle  36 Logarithm 

7 Length in a circle  37 Logic  

8 Analytical analysis of the circle  38 Modular arithmetic 

9 Polygons, quadrilaterals  39 Absolute value 

10 Circle area  40 Point, line, plane 

11 Series   41 Analytical examination of the point 

12 Straight angle, triangle angles  42 Ratio, proportion 

13 Analytical examination of line  43 Custom defined functions 

14 Transformation  44 Special triangles 

15 Greatest common divisor  45 Parabola 

16 Least common multiple  46 Permutation, combination, binomial and probability 

17 Equilateral triangle  47 Pythagoras 

18 Euclid   48 Polynomial - identities 

19 Interest problems  49 Prisms, pyramids 

20 Factorial   50 Problems  

21 Function graphics  51 Numbers  

22 Speed problems  52 Sum and multiplication symbols 

23 Linear equations  53 Trigonometry 

24 Quadratic equations and inequalities  54 Derivative 

25 Isosceles triangle integral   55 Area in triangle 

26 Worker, pool problems  56 Similarity in triangle 

27 Statistics  57 Exponential and root numbers 

28 Profit and loss problems  58 Solid geometry 

29 Mixing problems  59 Vectors 

30 Complex numbers  60 Age problems 
 

Source: Mobile App Database 

 
 
 
Testing and refinement  
 
The following three procedures were carried out for mobile 
application product verification with user groups, and the formative 
evaluation was not limited to this process, but was applied 
continuously (Table 4). 
 
 
Ethical principles  
 
One of the principal design features of this mobile app focuses on 
the security of data within a closed platform where registration is 
required with the information (participants‟ names, email addresses, 
ID numbers) obtained officially from schools. Communication and 
interaction among students via mobile devices may raise some 
ethical issues (for example, bullying, racism, and stalking), so it was 
essential to design a control mechanism and a closed platform for a 
learning community purpose to prevent unacceptable practices by 
users.  

Implementation of the mobile app  
 
This stage was the usage of the end product mobile platform by the 
target audience. A web platform indicated above was also 
developed for the administrative purposes (Figure 2). A mobile 
application that works on all mobile platforms (Apple, Google Play) 
was developed, where teachers shared solutions to questions 
which students were unable to solve or understand. In addition to 
submitting questions and answers, this application also helps in 
collecting desired statistical data. After the teacher's feedback 
reached to the student, the application automatically sends a 
satisfaction survey and this survey is saved. 
 
 
Students  
 
The mobile application provides students with the opportunity to ask 
questions anytime, anywhere and to easily access the solutions of 
mathematics  questions that they have difficulty in solving. Students  
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Table 3. List in descending order the total number of solutions per teacher and the total number of questions submitted per 
student on the mobile platform. 
 

Teacher name Total number of solved questions Student name Total number of questions sent 

Tugba 6635 Esra 900 

Gulcin 3817 Sena 804 

Sermin 1869 Hayri 763 

Gülden 1294 Emir 713 

Deniz 781 Elif 630 

Burak 742 Mine 563 

Emine 691 Nisa 513 

Ozkan 423 Cansu 478 

Sait 405 Yunus 453 

Sezer 399 Feyza 437 

Hakan 277 Serdar 395 

Hidayet 266 Avni 373 

Sehval 260 Musa 365 

Pinar 230 Onur 343 
 

Source: Mobile App Database 

 
 
 
also create a pool of questions by sending their unsolved math 
questions to this application (Figure 3).  

In this question pool, students can access the questions 
categorized according to mathematics topics from any smart mobile 
phone or tablet with an Internet connection, and ask their questions 
without time constraints (Figure 4).  
Students can access the answers to their own questions, as well as 
the questions and answers sent by other students (Figure 5). 
 
 
Teachers  
 
Teachers had a critical role in this mobile app, especially by 
providing support and feedback on students' math questions. It was 
believed that teacher support is an important predictor of students‟ 
success. Students' perceived teacher communication and support 
was found to be the factor most closely related to their success in 
high school (Gregory and Weinstein, 2004). In order for teachers to 
provide a support and feedback to the students‟ unsolved math 
questions, teachers, they were registered to this mobile application 
platform. Teachers were able to review all questions submitted by 
students in the system. They picked and took a math problem and 
submitted its solution as an image file, sometimes providing more 
than one solution, to the mobile platform. While sending the solution 
to the system, the teachers were required to match the related 
question with an appropriate mathematics topic from the given list 
and send it by labeling it.  

Once a question was taken by a teacher to solve, other teachers 
could not see that question in the question pool unless it was 
reloaded by the teacher who did not want to continue working on it. 
However, the administrator had the right to warn the teacher to 
make a decision whether to work or not on a question in an 
appropriate timeframe. Not only could teachers have an access to 
their own solutions/answers in the system but also the pool 
including all questions and their answers. The following Figure 6 
explains the procedure in visual.  

Teachers generally provided students with one or more solutions 
of a math problem as much in detail as possible as shown in Figure 
7.  

With this application, students can become the managers of their 
own time without wasting time. In  addition,  it  saves  teachers  and 

students from the trouble of stacked questions that are expected to 
be solved. In this way, teachers and students do not have to make 
a separate time plan for solving the questions. Since there is more 
than one teacher in the system, questions are solved and answered 
quickly, and a teacher's workload is lighter than normal and shared 
by other teachers in the mobile application. 
 
 
Sampling / participants 
 
The target audiences of the mobile app were high school students 
from 9th to 12th grade studying at nine high schools located in the 
Karesi district of Balikesir province in Turkiye, and mathematics 
teachers and pre-service teachers. 1041 students and 131 teachers 
actively used the mobile application by sharing questions and 
answers.  

Since the research questions of this study were directly related to 
the analysis of the math questions submitted by the students and 
the answers by the teachers, the statistical population of the 
quantitative part of this study included more than 116,988 questions 
in the mobile application platform. The "Numbers and Algebra" 
learning domain, where the most questions were asked, was 
discussed in order to determine which learning outcomes the 
questions were most related to and how their cognitive levels were 
distributed. Questions were selected from the question pool 
belonging to the 'Numbers and Algebra' learning domain of the 
mobile application. From the questions asked in this learning 
domain, 294 questions for sampling purpose were randomly 
selected by using the Rand Between function of MS Excel. 

The sample group in the qualitative part consisted of six 
mathematics teachers. They were selected based on their 
volunteering and experience of using the developed mobile 
application. 

 
 
Data collection and instruments 
 

The mobile learning platform provides user analytics and statistics 
about the questions and solutions submitted by students and 
teachers.  The platform stores all shared image files of questions 
and  solutions. Therefore,  research data were collected through the  
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Figure 1. Number of submitted questions and answers per hour. 
Source: Mobile App Database 

 
 
 
mobile application/platform. In order for 294 questions to be 
analysed, 14 forms (two forms for each expert in seven groups), 
which contained 42 questions submitted by the students and a list 
of learning outcomes covering the learning domain of Numbers and 
Algebra, was developed to obtain opinions of experts. Semi-
structured interviews were conducted to obtain teachers‟ opinions 
and experiences in using the developed mobile app. 

In the interview form, there were questions about getting general 
opinions on the use of the mobile application, its pedagogical and 
technological use, and learning experiences of students. 
 
 
Data analysis 
 
As mentioned previously, high school  mathematics  curriculum  has  

three learning domains: i) Numbers and Algebra, ii) Geometry, and 
iii) Data, and Counting and Probability (Table 1). Each learning 
outcome in the high school mathematics program is numbered in a 
sequential order. For example, the learning outcome numbered as 
9.3.2.1 refers to 9 as grade level, 9.3 as sub-learning domain, 9.3.2 
as mathematics subject, and 9.3.2.1 as learning outcome (Figure 
8). The numbering of a learning outcome is depicted as follows.  
Expert opinions were taken to determine which learning outcomes 
questions in the sample were associated with. 294 questions 
belonging to the 'Numbers and Algebra' learning domain were 
arranged so that seven groups would receive an equal number of 
questions from each math topic (42 questions per group). For 
example, each group had three questions on logic, two questions 
on numbers, and two questions on limits. 14 pre-service 
mathematics teachers were  assigned  to  a  group  in pairs and the  

 

Number of Submitted Answers Per 
Hour 

00:00 124 12:00 174 

01:00 43 13:00 195 

02:00 7 14:00 162 

03:00 5 15:00 171 

04:00 0 16:00 206 

05:00 0 17:00 255 

06:00 115 18:00 188 

07:00 60 19:00 245 

08:00 68 20:00 217 

09:00 75 21:00 191 

10:00 109 22:00 188 

11:00 169 23:00 163 
 

a. Answers per hour 
 

 

 

Number of Submitted Questions Per 
Hour 

00:00 7 12:00 3 

01:00 0 13:00 2 

02:00 0 14:00 10 

03:00 0 15:00 39 

04:00 0 16:00 10 

05:00 0 17:00 24 

06:00 0 18:00 24 

07:00 0 19:00 101 

08:00 0 20:00 116 

09:00 0 21:00 149 

10:00 5 22:00 111 

11:00 13 23:00 34 
 

b. Questions per hour  
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Table 4. Testing and refinement procedure. 
 

1-Pre- testing and refinement 

An orientation program was held to introduce and teach the use of the “Mathematik Cepte” mobile app to the target audience 

 

2-During the testing 

This included implementation and evaluation of the app - the actual use of the mobile app (data analysis and obtaining results). 
The questions below were asked users to identify the deficiencies or areas to improve. 

Questions about visual and interface design (colors, buttons, icons, direction arrows, etc.) 

Functionality - is the app functional? 

Is the app easy to learn to use? 
Is the app easy to use? 

What are the perceived benefits by the student and the teacher? 

Navigation - is navigation comfortable? One key or 3-4 keys to go? 

Bugs? Is there anything not working? 

After how long do you get feedback from the teacher about the question you sent? 

Is the feedback design sufficient? 

What are the deficiencies? Where to improve - where better design is needed? 

 

3- Refinement 

Elimination of the identified deficiencies and accordingly improvement of the system and taking its final form 
 

Source: Author 

 
 
 

 
 

Figure 2. Mobile and web platform: (a, b) mobile platform screen, (c) web platform screen. 
Source: Mobile App 

 
 
 
learning outcomes with their explanations of the 'Numbers and 
Algebra' learning domain was given to them (Table 5). They were 
asked to determine which outcome the questions belonged to 
without interacting with each other. 

Seven questions that were determined not to belong to the 
Numbers  and  Algebra  learning  domain  were  excluded  from  the 

study. The forms evaluated by the two pre-service teachers in each 
group were compared with each other, and the questions stated to 
have the same learning outcome were coded as consistent, while 
the questions stated to have different outcomes were coded as 
inconsistent. 100% consistency was achieved in 180 questions.  

After the  learning  outcomes  measured  by  the  questions  were  

  

 
 
 
 

 

(a) (b) (c) 
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Figure  3. (a) Student screen after logged in, (b) Screen of question pool and topic selection. 
Source: Mobile App 

 
 
 

 
 

Figure  4. (a) Screen of sending question image, (b) Screen of selected questions. 
Source: Mobile App 

 
 
 
determined, the researcher and a Mathematics teacher came 
together to determine which cognitive level each outcome was for. 
The cognitive process dimension of Bloom's Taxonomy (Anderson 
and Krathwohl, 2001) was taken as a basis in determining the 
cognitive levels (that is, remembering, understanding, applying, 
analyzing, evaluating and creating) (Figure 9). In the process of 
determining cognitive levels, discrepancies were observed between 
expert opinions in 9 items. Experts came together, revised these 
items, resolved any difference and made a joint decision based on 
the structure  of  the  content  and  the  questions  asked  about  the 

relevant outcome. Data about learning outcomes were analyzed 
descriptively using frequencies and percentages. 

180 questions were revised again later to analyze the distribution 
of cognitive levels of Bloom‟s Taxonomy based on high school 
grades. 18 questions addressing more than one grade level were 
eliminated and 162 questions were analyzed based on the 
agreement among the coders. Frequencies and percentages were 
calculated over the questions of the same grade level. In this 
analysis stage, questions in relation with the learning outcomes of 
the basic level  mathematics  curriculum  was  also  included  in  the  
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Figure 5. Screens of questions and their answers. 
Source: Mobile App 

 
 
 
calculations. The basic level curriculum aims to enable students to 
actively benefit solving skills is one of the main goals of the from 
mathematics in their daily and business life after graduation. It is 
predicted that students who do not prefer a mathematics-based 
major at a higher education level will more effectively overcome the 
problems they encounter in real life. Developing students' problem- 
program (Milli Egitim Bakanligi, 2018). At the qualitative level, 
thematic analysis was used to analyze interview data about  
teachers' experiences and views on how they perceived learning 
mathematics using the mobile application. 

 
 
FINDINGS 
 

In this section, research findings are presented based on 
the research questions. 
 
 

In which mathematics subjects and learning domains 
did students have the most difficulty in problem 
solving and sought support for their solution? 
 

To answer this research question, the frequency and 
percentage values of the descriptive statistics obtained 
from the system were calculated. As a result of the 
evaluations made with the teachers, it was decided that 
567 questions uploaded to the system contained errors 
and were not included in the analysis. Therefore, 116,988 
questions registered in the system were examined. It was 

found that the total number of questions asked in the 
'Numbers and Algebra' learning domain was 93876 
(80.24%), 20553 (17.57%) in the 'Geometry' learning 
domain and 2559 (2.19%) in the 'Data, Counting and 
Probability' learning domain (Table 6). The 'Numbers and 
Algebra' learning domain was found to be the dominant 
with a large difference comparing to others. It is seen that 
students had the most difficulties in questions of 
Numbers and Algebra domain. Moreover, the first five 
mathematics subjects that students had the most 
difficulty in solving the questions and demanded solutions 
for them were determined as follows: 1. Derivative 
(n=28329, 24.22%), 2. Numbers (n=23367, 19.97%), 3. 
Problems (6639, 5.67%), 4. Trigonometry (n=6302, 
5.39%), and 5. Quadratic equations and inequalities 
(n=4093, 3.50%) (Table 6).  
 
 
At which cognitive levels were the learning domain 
questions that students had the most difficulty with?  
 
It was found that the most questions sent by students on 
the mobile platform came from the 'Numbers and 
Algebra' learning domain. It was aimed to determine at 
which cognitive levels the questions of 9th, 10th, 11th 
and 12th grades related to this learning domain occur 
according  to  the cognitive process dimension of Bloom‟s  
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244          Educ. Res. Rev. 
 
 
 

 
 

Figure 6 (a, b, c, d, e). The procedure of taking questions and submitting their answers within the mobile app. 
Source: Mobile App 

 
 
 
Taxonomy. The 180 questions were consistent between 
the groups related to the learning outcome analysis, and 
their level according to Bloom‟s Taxonomy was tabulated 
according to frequency and percentage values (Table 7). 

While there are more questions at the level of 
remembering, understanding and application (n=156 in 
total) that require low-level thinking; there are fewer 
questions that require high-level thinking at the level of 
analysis, evaluation, and creation (n=24 in total).  

According to this result, it can be concluded that 
students have problems in understanding or solving 
questions that require low-level thinking. It can be said 
that there are fewer questions that require high-level 
thinking  due  to   the  fact  that these  questions  may  be 

scarce in the source books they used. Sample questions 
can be seen in Figure 11.  
 
 
What is the distribution of these cognitive levels 
among classes in high school?  
 
The question groups belonging to categories of the 
cognitive process dimension were interpreted by the 
researcher. Then, frequency and percentage tables were 
created by associating the questions with those 
according to the grade level. As indicated above in the 
data analysis section, 162 questions were analysed to 
answer this question.  

 
 

  
(a). Screen of the teacher after logging in 
 

(b). Teacher takes a question 

   
(c). Uploads the image file of the 
answer and writes explanation if 
needed 

(d). Before submitting the answer, 
teacher matches the question/answer 
and a math topic 

(e). Submits the answer to the system 
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Figure 7 (a, b). Images of problem solutions by teachers. 
Source: Author 

 
 
 

 
 

Figure 8. Numbering of a learning outcome in the math curriculum. 
Source: Milli Egitim Bakanligi (2018) 
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Table 5. 12th grade exponential and logarithmic functions sub-learning domain. 
 

Exponential and logarithmic functions 

Exponential function 

Explains the exponential function. 

a) It should be emphasized why exponential functions are needed 

b) Exponential expressions and the features of operations with them are reminded. 

c) It is shown with the help of a graph that the exponential functions are one-to-one and onto. 

d) In which situations, the exponential functions increase or decrease is shown by using information and communication 
technologies. 

Solves problems by associating logarithm function and exponential function. 

a) The graph of the logarithm function, 𝑎 ∈ ℝ+ −{1}, is drawn using the graph of the exponential function. It is stated that the graphs 

of the functions 𝑦 = 𝑎𝑥 and 𝑦 = 𝑙𝑜𝑔𝑎 𝑥 are symmetrical with respect to the y=x line. 

b) Given that 𝑎 ∈ ℝ+ −{1}, the logarithm function 𝑓:ℝ+ → ℝ ,𝑓 𝑥 = 𝑙𝑜𝑔𝑎 𝑥 is an increasing function for 𝑎 > 1 and a decreasing 

function for 0 < 𝑎 < 1. Information and communication technologies are used to examine the change of the graph of the logarithm 
function according to the values of a. 

c) The works of Gıyaseddin Cemşid and John Napier are included 

Solves problems by defining logarithm function in base 10 and e 

Emphasizing that the number e is irrational, its use in mathematics and other branches of science is mentioned. 

Exponential, Logarithmic Equations and Inequalities 

Finds solution sets of exponential, logarithmic equations and inequalities. 

Uses exponential and logarithmic functions in modeling real life situations. 

a) Examples from real life situations such as population growth, bacterial population, decay of radioactive materials (half-life), 
determination of fossil ages, earthquake intensity (Richter scale), pH value, sound intensity (decibels). 

b) Examples that will raise awareness about the concepts of waste and savings are given. 

c) Information and communication technologies are used. 
 

Source: Milli Egitim Bakanligi (2018) 

 
 
 

 
 

Figure 9. The cognitive process dimension of Bloom's Taxonomy 
Anderson and Krathwohl, 2001). 
Source: Author 

 
 
 

According to Bloom's Taxonomy levels, it was determined 
that the most questions out of 162 questions were  at  the 

level of applying and understanding. For the 9th grade, 
28  questions   from   the   understanding   level   and   33  
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Table 6. Total number of questions and their distribution on learning domains. 
 

Learning domain(LD) 
Total 

number 
Pct. in all 
LDs  % 

Learning domain (LD) 
Total 

number 
Pct. in all 

LDs % 

A. Numbers and algebra 93876 80.24 B. Geometry 20553 17.57 

Derivative 28329 24.22 Trigonometry 6302 5.39 

Numbers 23367 19.97 Quadrilaterals and triangles 2583 2.21 

Problems 6639 5.67 Bisector 1754 1.50 

Quadratic equations and inequalities 4093 3.50 Area of triangle 1173 1.00 

Exponents and roots 3958 3.38 Angle edge 1119 0.96 

Integral 2839 2.43 Angles in a straight, angles in a triangle 972 0.83 

Polynomial - identities 2534 2.17 Analytical examination of truth 880 0.75 

Logarithm 2483 2.12 Angle in a circle 826 0.71 

Limit and continuity 2311 1.98 Parabola 749 0.64 

Relation and function 2076 1.77 Similarity in triangle 678 0.58 

Factoring 1732 1.48 Prisms, pyramids 438 0.37 

Absolute value 1697 1.45 Length in circle 432 0.37 

First order equations and inequalities 1679 1.44 Isosceles triangle 312 0.27 

Ratio proportion 1398 1.19 Analytical analysis of the circle 270 0.23 

GCD and LCM 1145 0.98 Median 240 0.21 

Sets and clusters 1037 0.89 Pythagoras 232 0.20 

Series, series 939 0.80 Area in the Apartment 214 0.18 

Division-Divisibility 808 0.69 Stereometry 211 0.18 

Worker, Pool problems 656 0.56 Equilateral triangle 208 0.18 

Speed problems 603 0.52 Vectors 196 0.17 

Logic 511 0.44 Special triangles 195 0.17 

Profit and loss problems 479 0.41 Point, line, plane 147 0.13 

Function chart 464 0.40 Euclid (euclid) 144 0.12 

Complex numbers 464 0.40 Sphere, cone, cylinder 92 0.08 

Age problems 422 0.36 Analytical study of cones 83 0.07 

Mixing problems 339 0.29 Analytical examination of the point 68 0.06 

Modular arithmetic 305 0.26 Transformations 35 0.03 

Custom defined functions 248 0.21 
   

Sum and multiplication symbols 196 0.17 Learning domain (LD) 
Total 

number 
Pct. in all 

LDs 

Interest problems 125 0.11 C. Data, Counting and Probability 2559 2.19 

  

Permutation, Combination, Binomial 
and Probability 

2215 1.89 

Factorial 296 0.25 

Statistics 48 0.04 
 

Source: Author 
 
 

 
Table 7. Distribution of questions of 'numbers and algebra' learning domain by bloom taxonomy cognitive levels. 
 

Remember Understand Apply Analyze Evaluate Create 

f % f % f % f % f % f % 

3 1.66 51 28.33 102 56.66 21 11.66 2 1.11 1 0.55 
 

Source: Author 
 
 

 

questions from the applying level were asked by the 
students, while for the 12th grade, eight questions from 
the understanding level and 35 questions from the 

applying level were asked (Figure 10). In line with these 
results, it was seen that the students in the 9th grade 
have deficiencies in understanding and applying the  
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Figure 10. Distiribution of questions related to cognitive levels according to students‟ grades. 
Source: Author 

 
 
 
mathematical questions, while in the 12th grade they 
have more problems in applying rather than 
understanding the math questions.  

According to the grade levels, it was determined that 
questions coming from the 9th and 12th grades were the 
most out of 162 questions. The reason for this may be 
that Numbers and Algebra domain takes up more space 
in the High School mathematics curriculum in the 9th and 
12th grades compared to other learning domains. 
 
 
In this learning domain, what math learning 
outcomes and associated cognitive level did 
students submit the most questions about?  
 

Percentages were used to present the number and 
description of learning outcomes associated with 
cognitive levels belonging to each grade level 
(Appendixes 1,2,3,4,5). Learning outcomes were grouped 
according to sub-learning domains (9.1, 9.2, and 9.3).  
Students of the 9th grade asked most questions in 

relation with the learning outcome – “9.2.2.1 Able to solve 
problems with the help of union, intersection, 
differenceand complementation processes in sets” 
(46.66%), which was at the Analyze cognitive level. 
Students of the 10th grade asked most questions in 
relation with the learning outcome – “10.3.2.1 Able to 
factorize a polynomial” (46.66%), which was at the 
Analyze cognitive level. 

Students of the 11th grade asked most questions in 
relation with the learning outcome – “11.3.3.1 from the 
graph of a function, she/he can draw new function graphs 
with the help of transformations” (66.66%), which  was  at 
the Apply cognitive level. Students of the 12th grade 
asked most questions in relation with the learning 
outcome – “12.2.1.3 Able to perform operations using the 
properties of arithmetic and geometric sequences” 
(58.82%), which was at the Apply cognitive level. 
Students of the BS of 11th grade asked most questions in 
relation with the learning outcome – “BS.11.1.1.2 Able to 
solve problems related to natural numbers” (50.00%), 
which was at the Apply cognitive level.  

 

 

  

Remember Understand Apply Analyze Evaluate Create 

9th Grade 1 28 33 9 1 0 

10th Grade 0 3 19 2 0 0 

11th Grade 0 8 4 4 0 0 

BS.11th 
Grade 

0 1 0 1 1 0 

12th Grade 1 8 35 3 0 0 

Freq. 2 48 91 19 2 0 

Pct. % 1,2 29,6 56,2 11,7 1,2 0,0 
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Example question suitable for Understanding: 

 

9.1.1.2: Explains compound proposition with 
examples, shows properties of compound 
propositions formed with conjunctions "and, or", and 
De Morgan's rules using truth tables. 
9.1.1.3: Explains conditional proposition and two-way 
conditional proposition. 

Explanation: Since the student has to rearrange the given expression and transform it into another form, this 
question is at the level of understanding according to Bloom's Taxonomy. 
 
Example Question Suitable for Analyzing: 

 

11.4.2.1: Finds the solution set of inequalities with a 
quadratic unknown. 

Explanation: It is at the analysis level of Bloom's Taxonomy, as the question aims to divide the equation into its 
components and to reach the desired data by associating these components with the solution range. 
 
Example question suitable for evaluating: 
 

 

9.3.3.2: Finds the solution sets of first degree 
equations and inequalities with one unknown. 
9.3.3.3: Finds solution sets of equations and 
inequalities with a first-degree unknown containing 
absolute value. 
9.3.5.2: Solves problems related to equations and 
inequalities. 

Explanation: This question is in the evaluation category of Bloom's Taxonomy, as it is aimed to reach a 
decision for the equation that is required to be answered according to a critical situation given in the question. 

 

Figure 11. Sample questions belonging to the categories of bloom's taxonomy. 
Source: Author 

 
 
 
What are the teachers' experiences and views on 
using the mobile learning application? 
 
Thematic analysis was conducted under three core 
themes: general views on the use of the mobile 
application, its pedagogical and technological use, and 
students‟ learning experiences. 
 
 
General views of teachers on the use of the mobile 
application  
 
Teachers stated that  the  mobile  learning  application  is  
very useful, especially since it allowed them to solve 
many different math questions. In fact, it has been stated 

that the main purpose of using this application by 
teachers is to practice problem solving. It has been 
deduced that the teachers see the mobile application as 
a question bank containing alternative solutions from 
different perspectives. Example quotes with regards to 
this issue as follows:  
 
“I benefit from solving questions and the solved questions 
in the question pool.” “It's a nice application to spend time 
in my spare time. When I'm tired, instead of picking up a 
pen and paper, pick up the phone and solve it over the 
phone.”  
 
“We also see different perspectives from our own 
perspective.” “As a teacher, I see different questions and  
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improve myself. A great resource as a question bank” “… 
at least I am useful in my spare time so I feel happy” 
 
One  teacher  also  indicated that she “began to see more 
clearly the subjects that students had the most difficulty 
with” by using this mobile learning app. Teachers stated 
that the most liked features of this application are that it 
resembles a private lesson, like a one-on-one lesson, 
and being a part of a learning community. Example 
quotes with regards to this issue as follows: 
 
“…kind of one-to-one lessons... helps those who don't 
have the opportunity to ask questions in the classroom...”  
“I think that the children who use the app and myself are 
also part of the learning community. I find the app very 
useful” 
 
 “It definitely gives an experience, it's a privilege to even 
be a part of it, it is like a social network” 
 
 
Pedagogical and technological use  
 
Teachers reported that they were impressed with the 
student feedback process provided by the mobile app. 
Some responses stated that the mobile app as a 
feedback and support system has the advantage of 
increasing student engagement in the learning-teaching 
process by interacting with the platform and sharing their 
questions regardless of time and place. Example quotes 
with regards to this issue as follows: 
 
“…it has positive effects. The student cannot find a 
teacher at home on issues that he or she is missing at 
home,  thanks   to  this  application,  they  can  reach  the  
solution of questions from home and learn the technique 
of problem solving…” 
 
“…they are definitely getting positive feedback and they 
say that this application adds a lot to them” 
“The fact that the application answers the questions 
quickly increases the motivation of the students” 
“At least she knows that if she has a question, there is a 
place where she can get an answer at any time, any 
hour” 
 

Teachers also reported that they developed their 
teaching skills and methods by using this mobile app.  
“The more questions we solve, the more different our 
instruction becomes” 
 

“I didn't use an app like this, I used online applications in 
the classroom, I can help the individual student directly 
here through this app” 
 

“…I also use the questions uploaded to the app in the 
classroom… interesting and good questions come up, for 
example, about the problems…” 

 
 
 
 
Students’ learning experiences  
 

When asked what effect the mobile application had on 
students' learning, teachers generally stated that it had a 
positive effect. 
 

“Of course, there is an effect. Having learned the solution 
of the problem, the student can now solve similar 
questions” 
“A useful application for children who use it for its 
intended purpose and for those who want to learn, it 
always provides the opportunity to learn...” 
“It has a great effect when they receive feedback; it has 
positive effects as it allows them to make up for their 
shortcomings at home” 
“Kids these days live fast. They want to solve the 
question that comes to mind immediately. It helps them 
with this” 
“She solves the questions she cannot solve and learns 
the shortcuts” 
“…absolutely helpful... I don't understand the opinions of 
those who didn't use it” 
In contrary, some teachers stated that the effect felt was 
not as great as it seems.  
“Students do not understand anything from the solution, 
sometimes they come with very simple questions” 
“…some students' phones are not suitable” 
 

According to the answers given to the question of how 
using this application improves students, teachers saw 
the application as a very helpful and useful tool. 
 
“They may stop solving questions they have difficulty 
with, or they may stop working on them. So, they can 
give up. However, they know that they are not  alone  and 
they continue to take part in the process as long as they 
get the solution to their questions.” 
“…they learn question techniques and how to approach 
the question” 
“Solving those questions increase the self-confidence of 
the students” 
“My students like the application; they are positively 
motivated when they see that it is useful” 
 
 
Conclusion 
 

High school students, especially students in their final 
year preparing for the university entrance exam, were 
solving a large number of mathematics questions. There 
is a need for teacher support regarding the solutions of 
those questions. 

A mobile application was developed in this study with 
the purpose of providing this support at this point. 
According to previous research results, interactive mobile 
learning apps improve students' mathematical problem-
solving skills (Amir et al., 2018; Amir et al., 2020). 

Mobile devices along with an appropriate application  



 
 
 
 
can provide a learning context where students can create 
and share knowledge for better learning outcomes 
(Melhuish and Falloon, 2010; Haßler et al., 2016). 
Achieving learning outcomes has an impact on students' 
learning processes. For this reason, it is of great 
importance to determine the learning outcomes correctly. 
It is also important which cognitive skills and levels are 
included in mathematics teaching. 
 

According to the results of the study, it was seen that the 
learning outcomes were mostly directed towards the low-
level cognitive skills of Bloom‟s Taxonomy. Although it 
was seen that the students were able to reach Evaluate 
level, it was observed that they mainly shared questions 
at the Apply and Analyze levels. This finding suggests 
that educational approaches or policies focusing on high-
level cognitive skills should be taken as a basis. The 
positive impact of using technology throughout the 
curriculum can help students develop higher-order 
thinking skills that can help them learn math beyond the 
classroom (Murphy, 2016). 

Mobile learning has been included in research literature 
as a developing topic in the context of teacher education 
(Kearney and Maher, 2013). It has been observed that 
teachers who solved questions in the system improved 
themselves in terms of different question types and 
alternative solution methods. In addition, it was observed 
that the teachers prepared new notes for the questions 
frequently asked by the students, contacted the students 
again on these issues, and made additional lessons. 
According to the findings of the qualitative part, it was 
observed that the teachers' use of the mobile application 
was high and they were willing to apply mobile technology 
in mathematics education, especially in providing their 
support for solving difficult math questions.  

They  stated  that  the  mobile  app  has the potential to 
become an effective solution for supporting high school 
students in developing self-confidence and self-efficacy, 
which may lead to an academic success. This finding is 
in line with the research study by (Yu and Singh, 2018). 
The authors reported that teacher support through 
positive interaction between teacher and students has a 
strong and positive effect on students' self-efficacy and 
therefore indirectly affects students' mathematics 
achievement. Consequently, the teachers showed great 
enthusiasm and satisfaction in the use of this innovative 
application.  

The educational capabilities of mobile devices offer 
learning activities for a better understanding, which were 
previously not possible (Cumming et al., 2014; Montrieux 
et al., 2016). This study is in line with the research by 
Jeng et al. (2010) showing that mobile apps provide a 
convenience in learning in the daily lives of student. 
Based on the results of the study, it can be concluded 
that the mathematics mobile learning application can be 
used as an alternative learning environment that can give 
an idea about the learning outcomes and cognitive levels 
of high school students. 
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LIMITATIONS AND FUTURE RESEARCH  
 

Although the present study has important implications, 
there are some limitations as well. The sample of the 
study was limited to students studying at and teachers 
working in nine high schools in one district of Balikesir 
province. Therefore, future studies should be expanded 
to include more students and teachers from more high 
schools. This study did not investigate students' 
perception of the use of and engagement with the app. 
Moreover, the study did not take into account internet 
connection quality and students‟ digital literacy and skills. 
It could be thought that not all students could afford the 
accessibility to mobile learning experience (Sabah, 
2016). Moreover, the current study did not report any 
findings about whether or not all students benefitted from 
and enjoyed the developed mobile app. Therefore, future 
studies should conduct quantitative and qualitative 
methods to gain deeper understanding about the 
influences of the app on students‟ mathematical problem 
solving and higher-order cognitive skills. Another 
limitation of the study was that it did not focus on whether 
the mobile app has an effect on students‟ mathematics 
academic achievements. Factors related to the impact of 
mobile learning on student achievement can be identified 
and examined, so that the mobile application can be 
redesigned and developed accordingly. Further 
improvements of the application in terms of enhancing 
functionality and usability as well as ensuring long-term 
user engagement should be considered and tested.  

The questions and answers in the system have created 
a question pool - a question bank. According to the 
statistical data available from this pool, it was determined 
which   mathematics   subjects   were   asked   the   most 
questions. In this direction, it can be revealed what kind 
of deficiencies there are on the basis of subject in the 
lessons in schools. Hence, a mathematical map can be 
drawn about which subjects are not understood on the 
basis of schools and which subjects the mathematics 
teacher should focus on. Therefore, it can be determined 
which region is deficient in which subjects on the basis of 
districts. This could be an internal control and studies can 
be planned by investigating why the most difficult math 
topic is difficult, whether enough time is allocated, 
whether the necessary support is provided or whether it 
is due to the complexity of the topic. After these analyzes 
are done, the learning activities that need to be 
developed can be shared and discussed with the 
mathematics teachers working in the schools. As a result, 
it may be possible to determine and improve 
mathematical literacy on the basis of individual student, 
schools and districts. 

Many teachers and students are now more 
experienced and willing to use mobile technology, which 
is more affordable and accessible than it was a decade 
ago. It is clear that students and teachers are already 
using mobile technologies to create their own time and 
space to practice a more flexible learning (Traxler, 2009).  
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We are only at the beginning of exploring the use of 
these promising mobile technologies in education. 
Technology that supports mobile learning is changing 
very fast. This study can be an initial study for designers, 
experts and teachers in mobile technology. The findings 
in this study are among the many topics in this rapidly 
evolving field. There are many opportunities and 
potentials waiting for us to realize. Finally, teachers are 
expected to continue to use ever-evolving mobile 
technologies in new ways, not just in the classroom, but 
outside the classroom anytime, anywhere to help 
students prepare for their future careers and lives. 
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