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In this paper, we report in terms of the expectancy–value theory and self-efficacy 
from the experiences of utilizing tablet computers for the learning of mathematics 
among primary and lower secondary students (N=256) in one school in Finland. 
Our main findings are as follows. Using tablet computers seems to increase 
especially boys' intrinsic values in studying mathematics, yet both boys and girls 
preferably disagree than agree with the claim that tablet computers have made it 
easier for them to learn mathematics. Girls clearly prefer to study mathematics 
with paper and pencil. The utility value of using tablet computers in studying 
mathematics does not depend on the students' beliefs about their competence in 
mathematics. 

Introduction 
The latest national guidelines for curricula in the Finnish primary and lower 
secondary schools, which have been implemented since August 2016, emphasize 
the versatile usage of technology in teaching and learning. However, due to limited 
financial resources, to which degree the schools have taken technology in use, 
varies a lot. In 2013, the investigated school – among the very first ones in Finland 
– provided an iPad for every student. Since then, tablet computers have been used 
daily in the teaching of most subjects. In some subjects, iPads have replaced 
printed textbooks completely, but in mathematics, students have used both iPad 
applications and printed textbook side by side. Consequently, iPad has been a 
primary medium for younger students and, for the lower secondary students, a 
printed textbook has been their foremost learning material, yet they have used 
iPads as a secondary medium for three or more years. 

In this paper, we report from our survey on the students' experiences from 
using tablet computers. Experiences were surveyed both at a general level and 
concerning the teaching and learning of mathematics and mother tongue. We focus 
on students' beliefs about how tablet computers have affected their motivation and 
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learning in mathematics and their views of themselves as learners of mathematics. 
The participants (N=256) are from the grades 1–8.  

There are many theories on learners' motivation and some studies on how 
bringing technology in school affects students' motivation. In the next two 
sections, we review some earlier studies that are relevant to ours, and then discuss 
our theoretical framework. The research questions and method will be given after 
that, and the results are represented and discussed in the last two sections. 

Review of earlier research 
Earlier research has shown mixed results on the effects of the use of tablet 
computers in mathematics education. For example, Henderson and Yeow (2012) 
report from a school which was one of the first primary schools in the whole world 
to adopt the use of iPads. They conclude that the main strengths that tablet 
computers can provide are a quick and easy access to information and support for 
collaboration. Attard and Curry (2012) also explored the use of iPads in engaging 
young students with mathematics. After a six-month trial, students' engagement in 
mathematics seemed to have improved. However, for example, Carr (2012) reports 
from an experiment with a control group where fifth graders studied mathematics 
with iPads and game-based learning approaches. The result was that no significant 
differences in learning achievements occurred. A possible partial explanation may 
be provided by Ravizza, Uitvlugt and Fenn (2016) who, in the context of 
psychology education, found out that non-academic use of Internet during lessons 
is common even among adult learners. In their study, the students' class 
performance was even inversely related to the use of technology. 

The above-mentioned studies do not discuss gender issues. Another typical 
feature of previous research on the use of tablet computers in mathematics 
education is that they focus on short-term teaching experiments; studies on the 
enduring effects on motivation in mathematics are hard to find. All in all, previous 
research suggest that tablet computers have potential to increase students' interest 
in studying mathematics, but this effect may, at least, partly be explained by the 
novelty value involved in introducing new technology in classroom. Our study 
aims at proving a farer-reaching view of the situation since tablet computers have 
been in use in our research context for several years, and at giving some 
information whether boys and girls consider the value of tablet computers in 
mathematics education in a similar or different way. 

Theoretical framework 
The theoretical perspectives in this paper base on two motivational theories: We 
use the expectancy–value theory (Eccles et al., 1983; Wigfield & Eccles, 2000) to 
discuss the participating students' motivation in mathematics. Further, we discuss 
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their perceptions of themselves as learners of mathematics and as users of tablet 
computers in terms of self-efficacy (e.g. Bandura 2012).  

According to the expectancy–value theory, an individual's choices and 
performance in studying a subject can be explained by her/his beliefs about the 
possible success she/he can reach and the extent to which she/he values the subject. 
A part of this model of individual's motivation are the subjective task values. These 
values are usually divided into four components: attainment value (the importance 
of activity), intrinsic value (interest in the activity or the liking of it), utility value 
(the usefulness of the activity), and cost (how much effort an individual is ready 
to pay for succeeding in the activity). Due to limited space, we focus in this study 
only on the participants' intrinsic and utility values of studying mathematics and 
using tablet computers. However, these two values depict students' motivation in 
mathematics quite well also in general due to the correlations between the values, 
cf. Tossavainen & Juvonen (2015). 

Self-efficacy means the extent of an individual's beliefs in her/his own ability 
to complete a task or reach a goal. According to Bandura (2012), perceived self-
efficacy varies according to different domains. Therefore, Bandura (2012) argues 
that self-efficacy is better to be measured in a contextualized manner as human 
behaviour is socially situated and richly contextualized. In this study, we use Likert 
type items to measure students’ perceptions of their contextualized self-efficacy in 
mathematics and using tablet computers. 

Research questions 
We are interested in knowing how the utilization of tablet computers support girls' 
and boys' motivation and learning in mathematics, and how the use of tablet 
computers is related to students' view of themselves as learners of mathematics. 
Our research questions are as follows. 
1. What kind of intrinsic and utility values related to studying mathematic with    
tablet computers primary and lower secondary students do have? 
2. Do tablet computers support boys' and girls' learning in mathematics in a similar 
way? 
3. How the use of tablet computers is related to students' sense of self-efficacy in 
mathematics? 

Method 
Data for this study were collected using a questionnaire which contained a few 
open questions and altogether 92 five-point Likert scales inquiring students' 
general enjoyment and motivation to going to school, their views of themselves as 
learners in various subjects both when tablet computers are used in education and 
in the traditional context of teaching and learning, and information about students' 
activities in knowledge acquisition and how the daily work in classroom is usually 
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organized. Since the questionnaire became very large for young learners, we had 
to avoid the use of multiple questioning. Consequently, the factors of motivation 
in mathematics were measured only with single items. We acknowledge that this 
solution reduces the reliability of our findings to some degree, yet previous 
research has also shown that single items are sufficient to depict a general overview 
of learners' motivation in mathematics, cf. Tossavainen & Juvonen (2015).  

The Likert scales were coded as follows. 1 = "strongly disagree/never/not at 
all", 2 = "disagree/only seldom/only a little", 3 = "neutral opinion/occasionally/to 
a certain amount", 4 = "agree/quite often/quite a lot", and 5 = "strongly agree/very 
often/ very much".  

The students were given 45 minutes’ time to answer the questionnaire through 
their iPads. For the younger students (1st and 2nd graders), teachers read the 
questions out loud and students answered through a scale of smiley faces. Items 
surveying enjoyment were developed as contextualized counterparts concerning 
the use of tablet computers. Also, the students’ perceptions of self-efficacy were 
surveyed in the context of mathematics as well as the context of using tablet 
computers. The scale of task motivation and intrinsic value, in the context of 
mathematics, was adopted from earlier studies (Nurmi & Aunola, 2005; Aunola, 
Leskinen & Nurmi, 2006) and it included three items measuring the liking of 
mathematics in different contexts. Further, two items measuring the liking of 
studying mathematics with different devices were developed for this study (“How 
much do you like doing mathematical exercises with iPads?” and “How much do 
you like doing mathematical exercises with paper and pencil?”).  

As already said, the participants of this study are students from one school and 
from the grades 1–8. It is obvious that, due to the large variation in age, it would 
require splitting the set of participants into two or more subgroups in order to make 
reliable detailed conclusions. Due to the limited number of pages to use, we restrict 
ourselves only to producing an overview of the role of tablet computers in 
motivating students in mathematics and, therefore, we consider the participants as 
one group, yet taking carefully this limitation into account in interpreting our 
quantitative results.  

In our data, the number of boys is 118 and that of girls is 138.Data were 
analysed using SPSS software. In addition to applying standard descriptive 
methods, Student's t-tests and Pearson correlation analysis were performed. In 
order to avoid confusion in reading our results, we remark that there were some 
younger students who did not answer all items. Therefore, the degree of freedom 
may vary between the single items and tables. For example, in Table 1, "N=91–
118" for boys means that the number of the boys who answered the four items 
reported in this table varied from 91 to 118 in the set of these items. To be able to 
apply Student's t-test for comparing means, the most important thing is that there 
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are, at least, twenty participants contained in each group to be compared. In all 
items, this condition is clearly satisfied. 

Results 
We answer our research questions by recording first the descriptive measures for 
the participating students' intrinsic values related to going to school and using 
tablet computers in general, and their self-efficacy in mathematics and using tablet 
computers (Table 1). Then we summarize their liking of studying mathematics at 
school vs. at home and with vs. without tablet computers (Table 2) and give the 
descriptive measures describing the participants' views, how useful tablet 
computers are for their learning of mathematics (Table 3). Lastly, we study the 
correlation coefficients between the included items (Table 4). 

Table 1 shows that the participating students like going to school and they have 
positive experiences from using tablet computers in studying at school (Items 1–
2). For the boys, the mean of the second item is a little higher than that of the first 
item, yet the difference is not statistically significant (!"#$% & $'(() * + ,',(). 
Since the order of the means of these items is opposite for the girls, and, in Item 2, 
the mean for the boys is significantly higher than that for the girls (!"-(.% &-',() * / ,',(), one may interpret that studying with tablet computers may have 
a positive effect on the boys' enjoyment of going to school. Yet the effect size 
(Cohen's d) for the difference in Item 2 is small (0 & ,'-1). 

Item Mean 
boys      (N=91–
118) 

Mean 
girls (N=107–
137) 

Tot
al Std. 
dev. 

1. I like studying at school 3.78 3.86 0.85 
2. We have fun at school as we study with iPads 4.08 3.77 1.20 
3. I am good at using iPads in studying 4.19 3.88 0.96 
4. I am good in mathematics 3.97 3.59 1.15 

Table 1: Students' intrinsic values and self-efficacy related to studying, using tablet 
computers, and mathematics 

Similar significant differences are found in the students' view of their competence 
in using tablet computers (!"-(2% & -'1-) * / ,',$) 03 & 3,'..) and in 
mathematics (!"-(-% & -'(() * / ,',$) 03 & 3,'..) in favour of boys. In general, 
one can conclude that boys are more enthusiastic about using tablet computers in 
studying at school and they have a stronger sense of self-efficacy in using tablet 
computers than girls although, in practice, the differences are not large. 

The first observation from Table 2 is that the students' liking of mathematics 
is quite modest. Further, the means for the boys are higher than those for the girls 
in every item, except Item 5. However, the difference between boys and girls is 
statistically significant only for Item 8 (!"-(,% & -'$4) * / ,',(). Again, the 
effect size for this difference is small (0 & ,'-4).  
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An interesting result in Table 2 is that the difference between the means of 
girls' answers to Items 8 and 9 is highly significant (!"$.2% & .'.1) * / ,',,$). 
The effect size can now be considered to be moderate (0 & ,'2.). So, the 
conclusion is that girls clearly prefer studying mathematics with paper and pencil, 
and for the boys, both ways suit equally well. Another noteworthy observation is 
that both boys and girls like studying mathematics more at school than at home 
(!"-($% & 2'#4) * / ,',,$) 0 & ,'-$).  

Item Mean      boys 
(N=117–118) 

Mean    girls 
(N=135-138) 

Total 
Std. 
dev. 

5. How much do you like studying mathematics? 3.51 3.28 1.24 
6. How much do you like doing mathematical exercises at school? 3.38 3.28 1.16 
7. How much do you like doing mathematical exercises at home? 3.14 3.04 1.25 
8. How much do you like doing mathematical exercises with iPads? 3.32 2.94 1.39 

9. How much do you like doing mathematical exercises with paper and 
pencil? 

3.31 3.51 1.34 

Table 2: Students' intrinsic values related to studying mathematics 

To answer the second research question, we study the descriptive measures given 
in Table 3. 
Item Mean   boys   

(N=91–118) 
Mean       girls 
(N=107–137) 

Total      
Std. 
dev. 

10. iPads help me to learn mathematics easier 2.68 2.28 1.22 
11. I have got better grades in exams with help of studying with iPads 3.07 2.74 1.06 
12. With iPads I am able to concentrate on school work clearly better than 
without iPads 

3.45 2.99 1.34 

Table 3: Students' utility values related to studying mathematics with tablet computers 

A somewhat unexpected finding is related to Item 10 in Table 3. Both boys and 
girls have more negative than positive views of the help that tablet computers 
provide for their learning of mathematics. The views of girls are significantly more 
negative than those of boys (!"$4-% & -'-5) * / ,',5) 0 & ,'..). This result may 
be partly explained by the results in Item 12. Tablet computers seem to help boys 
to concentrate on schoolwork better than girls; the difference is significant 
(!"-(.% & -'45) * / ,',1) 0 & ,'.(). There is also a significant difference 
between the means in Item 11 (!"$#(% & -'$#) * / ,',5) 0 & ,'.$), but a more 
important finding related to Item 11 is that, in the participants' opinion, tablet 
computers seem to have not helped the students to succeed better in their exams – 
not only in mathematics but generally in all subjects. To sum up, using tablet 
computers in studying seems to have increased boys' sense of self-efficacy to a 
certain degree but, in their experience, this has not implied an improvement in their 
performance in mathematics. Whether or not tablet computers have provided any 
support to girls is not as evident. Actually, it appears that girls think that they 
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benefit more in mathematics from studying with paper and pencil than studying 
with tablet computers. 

We complement our answers to the first and third research questions by 
reporting from the Pearson correlation analysis of Items 1–12, cf. Tables 1–3. In 
order to maximize readability in Table 4, we only show the significant correlation 
coefficients with 63& 3*3 / 3,',(, 663& 3*3 / 3,',$, and 6663& 3*3 / 3,',,$. 

Table 4 contains some interesting relations. First, the correlation between the 
liking of studying at school (Item 1) and the liking of studying mathematics with 
paper and pencil (Item 9) is two and half times higher than the correlation between 
Item 1 and the liking of studying mathematics with tablet computers (Item 8). The 
liking of mathematics (Item 5) and the sense of self-efficacy in mathematics (Item 
4) both correlate highly significantly with Items 8 and 9, but again they are 
remarkably stronger related to studying mathematics with the traditional working 
methods than to using tablet computers. 

Item 2 3 4 5 6 7 8 9 10 11 12 

1  0.14* 0.14* 0.37*** 0.46*** 0.51*** 0.48*** 0.19** 0.45***    

2   0.25***  0.15*   0.60*** -0.13* 0.48*** 0.41*** 0.59*** 

3    0.24*** 0.21** 0.26*** 0.27*** 0.45***  0.24** 0.38*** 0.41*** 

4     0.52*** 0.50*** 0.42*** 0.28*** 0.40***    

5      0.82*** 0.75*** 0.42*** 0.59***   0.13* 

6      0.79*** 0.41*** 0.69***    

7       0.40*** 0.69***    

8         0.58*** 0.49*** 0.64*** 

9         -0.16*  -0.15* 

10          0.51*** 0.67*** 

11           0.64*** 

Table 4: Significant Pearson correlations between Items 1–12 

It is not very surprising that the experiences from having fun with tablet computers 
(Item 2) and the sense of self-efficacy in using tablet computers (Item 3) correlate 
significantly with Item 8, the experience from having got help from using tablet 
computers in studying mathematics (Item 10), the views of general success in 
studying (Item 11), and the amount of help in concentration (Item 12). However, 
it may be more interesting that these correlations are higher for having fun with 
tablet computers than for being good at using them. 
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The correlation coefficients between Items 1, 4, and 8–12 indicate that the 
better a student performs in mathematics, the more she/he likes studying 
mathematics both with tablet computers and with paper and pencil. Moreover, to 
what extent tablet computers have provided support for studying mathematics and 
other subjects seems to be independent of the self-efficacy in mathematics. 
Combined with the relative low means in Table 3, these findings suggest that 
success in mathematics depends more on other factors than on whether 
mathematics is studied with or without tablet computers, yet boys’ experience from 
having got help in concentration and high correlations between Items 10–12 
indicate that tablet computers have some potential for providing support in the 
engagement in learning. 

Discussion and conclusions 
The above results give a somewhat mixed view of the potential that tablet 
computers may have in improving students' motivation in mathematics. In spite of 
the limitations related to our data, it seems that boys may gain more motivation in 
mathematics if tablet computers are used (Table 2). On the other hand, it became 
clear that students do not agree with the claims such as tablet computers have 
helped them to learn mathematics easier or to succeed better in exams (Table 3). 

A possible reason for the latter outcome is that the quality and usability of 
digital learning material in mathematics for tablet computers are not yet 
sufficiently high. Tossavainen (2014) surveyed this issue by exploring and 
analysing a hundred of the most downloaded mathematics applications for iPads 
in AppStore and found out that more than a half of them are games with a limited 
mathematical content, more than every fourth of them were tests or static tools 
(e.g. calculators), and only one application (GeoGebra) contained genuine, non-
trivial interactive functions. 

The facts that, in the participants' view, tablet computers have not helped them 
to learn mathematics easier and girls prefer studying mathematics with paper and 
pencil, may also be due to some technical or pedagogical problems in managing 
learning environments in which technological devices are used. Genlott's and 
Grönlund's (2016) study clearly shows that ICT must be integrated reasonably and 
functionally into the pedagogical solutions in order to benefit from the use of it. 
Similar observations were also made by Attard and Curry (2012) and Henderson 
and Yeow (2012). Since students’ experiences were investigated in this study only 
at a general level, an important topic for future research is to examine, how a 
pedagogic design can support innovative use of technology and students’ learning 
with tablet computers. 

Table 2 showed also that both boys and girls like studying mathematics more 
at school than at home. This result is in accordance with the results in 
Tossavainen's and Juvonen's (2015) study, where this phenomenon was seen with 
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even a larger effect size than in the present study. It can be interpreted as an 
evidence for that the availability of a teacher and peer support is important for 
students' motivation. 

As already noted, in this paper, we have analysed primary and secondary 
students’ data as a whole. Having done differently, we may have got a different 
kind of perspective to the results. For instance, we know that motivation in 
mathematics remarkably varies along the grades (e.g., Tossavainen & Juvonen, 
2015). Further, interest and performance in mathematics have been found to form 
a cumulative cycle in the early years of primary school (e.g., Aunola, Leskinen & 
Nurmi, 2006). We also acknowledge that, in our data, the primary level students 
have a more thorough experience from studying with tablet computers than the 
secondary students, who have started their compulsory education without using 
tablet computers. Concerning future research, there is an obvious need for 
investigating the potential of tablet computers in supporting students' motivation 
and learning in mathematics also across different age groups.  

References 
Attard, C. & Curry, C. (2012). Exploring the use of iPads to engage young students 

with mathematics.  In J. Dindyal, L.P. Cheng & S.F. Ng (Eds), Proceedings of 
the 35th Annual Conference of the Mathematics Education Research Group of 
Australasia, 2–6 July 2012, Singapore (pp. 75–82), Adelaine: MERGA. 

Aunola, K., Leskinen, E. & Nurmi, J.-E. (2006). Developmental dynamics 
between mathematical performance, task motivation, and teachers’ goals 
during the transition to primary school. British Journal of Educational 
Psychology, 76(1), 21–40. 

Bandura, A. (2012). On the Functional Properties of Perceived Self-Efficacy 
Revisited. Journal of Management, 38(1), 9-44. DOI: 
10.1177/0149206311410606 

Carr, J. (2012). Does math achievement "h'APP'en" when iPads and game-based 
learning are incorporated into fifth-grade mathematics instruction? Journal of 
Information Technology Education 11, 269–286. 

Eccles, J. S., Adler, T. F., Futterman, R., Goff, S. B., Kaczala, C. M., Meece, J. & 
Midgley, C. (1983). Expectancies, values and academic behaviors. In J. T. 
Spence (Ed.), Achievement and achievement motives (pp. 75–146). San 
Francisco, CA: W. H. Freeman.  

Genlott, A. A. &Grönlund, Å. (2016). Closing the gaps – Improving literacy and 
mathematics by ict-enhanced collaboration. Computers & Education,99, 68–
80. 

Henderson, S. & Yeow, J. (2012). iPads in Education: A case study of iPad 
adoption and use in a primary school. InR.H. Sprague (Ed), Proceedings of the 



  
 
68 

 

45th Annual Hawaii International Conference on System Sciences, 4–7 
January 2012, (pp. 78–87). Hawaii: IEEE Computer Society. 

Nurmi, J. E. & Aunola, K. (2005). Task-motivation during the first school years: 
A person-oriented approach to longitudinal data. Learning and Instruction 
15(2), 103-122. 

Ravizza, S. M., Uitvlugt, M. G. & Fenn, K. M. (2016). Logged in and zoned out: 
How laptop internet use relates to classroom learning. Psychological Science, 
28(2), 171–180. 

Tossavainen, T. (2014). Onko teknologiasta oppimisen tueksi? Esimerkkejä 
matematiikasta. [Can technology support learning? Examples from 
mathematics] Kasvatus,45(5), 459–466. 

Tossavainen, T. & Juvonen, A. (2015). Finnish primary and secondary students' 
interest in music and mathematics relating to enjoyment of the subject and 
perception of the importance and usefulness of the subject. Research Studies 
in Music Education, 37(1), 107–121. 

Wigfield, A. & Eccles, J. S. (2000). Expectancy–value theory of achievement 
motivation. Contemporary Educational Psychology, 25(1), 68–81. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


