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ABSTRACT 

In this research an attempt has been made to test the  integration of constructs from 
the  theoretical models, Technology Acceptance Model (TAM), Innovation Diffusion Theory, 
Social Cognitive Theory, and Expectation–Confirmation Model in the  educational field. 
It particularly uses Structural Equation Modelling with various constructs to investigate 
students’ acceptance of using IPAD as a  technological tool in undergraduate math classes 
in a  Middle Eastern University. The  survey in this study contained 150 university students 
enrolled in various undergraduate math classes at a  Middle Eastern private American 
University, pursuing different fields of study. The  empirical results support the  theoretical 
model, it shows the  influence of user satisfaction, perceived usefulness and perceived 
compatibility on students’ attitudes towards using IPAD. Students welcomed the  adoption 
of IPAD as a  part and tool of the  learning process. Finding of this research along with 
the  ongoing research should encourage educators to put more emphasis on using 
technology in the learning process of mathematics.

Keywords: TAM, User satisfaction, Math, IPAD, Educators.

Introduction

Integration of IPAD in teaching in schools and colleges has been 
popular in recent years. IPAD is one of the most advanced technologies in 
the market. It supports hundreds of thousands of applications, many of them 
related to education (King & Bass, 2013). According to Khaddage (2013), 
the touchpad technology use in the education market is dominated by IPAD. 
Although the pedagogical uses of IPAD is still not clear and the research on 
the use of the IPAD in education is very recent, many researchers claimed 
that the  advantages of the  IPAD overcome its disadvantages. However, 
the  research findings in this area, in the  postsecondary education are 
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very scarce which is the main reason for conducting this study. Many of 
these scarce results support the use of tablets in postsecondary education 
(Kayapinar et  al., 2019 & Bluestein & Kim, 2017). According to Sachs 
and Bull (2012) using tablets increases motivation among students and 
encourages communication and collaboration among students and between 
teachers and students. Hutchison et al. (2012) reported that using tablets 
encourages the  communication skills among classmates and between 
students and instructors. It was also reported that tablets have significant 
positive effect on students with learning problems (McClanahan et  al. 
2012). This paper aims to investigate the impact of IPAD use on students’ 
attitudes towards using this type of technology in undergraduate math 
classes. It proposes and empirically tests the integration of constructs from 
the Theoretical models, Technology Acceptance Model (TAM), Innovation 
Diffusion Theory, Social Cognitive Theory, and Expectation–Confirmation 
Model to use IPAD in undergraduate math courses. It aims at investigating 
and assessing the factors that determine the adoption of technological tools 
in mathematics among university students. It is believed that the findings of 
this study will help decision makers in higher education institutions to gain 
a better understanding of the factors that determine student’s adoption of 
these tools in classrooms and lead to a better implementation, investment, 
and benefit in the educational field. 

Recently, various papers have been published on the  context of 
application of TAM in higher education (Ifinedo, 2019; Zogheib et al., 2015; 
Teo, 2009, 2010, 2011a, 2011b). A number of studies have used TAM to 
examine learners’ willingness to accept e-learning systems (Al-Adwan et al., 
2013; Shah et  al., 2013; Sharma and Chandel, 2013; Shroff et  al., 2011; 
Tabak and Nguyen, 2013) or to predict learners’ intentions to use an online 
learning community (Liu et al., 2010). Some papers focused on validating 
TAM on specific software which is applied in higher education. For example, 
Escobar-Rodriguez and Monge-Lozano (2012) use TAM for explaining 
or predicting university students’ acceptance of Moodle platform, while 
Hsu et  al. (2009) performed an empirical study to analyze the  adoption 
of statistical software among online MBA students in Taiwan. While some 
studies report that perceived usefulness and perceived ease of use impact 
attitude toward technology use and behavioral intention to use technology 
(Rasimah et  al., 2011; Teo, 2011; Sumak et  al., 2011), Grandon et  al. 
(2005) argued that e-learning self-efficacy was found to have indirect effect 
on students’ intentions through perceived ease of use. Also, Mungania and 
Reio (2005) found a significant relationship between dispositional barriers 
and e-learning self-efficacy. They argued that educational practitioners 
should take into consideration the  learners’ dispositions and find ways 
through which e-learning self-efficacy could be improved. Sumak et  al. 
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(2011) found that perceived usefulness and perceived ease of use were 
factors that directly affected students’ attitude, and perceived usefulness 
was the  strongest and most significant determinant of students’ attitude 
toward using technology in learning, while Wu and Gao (2011) identified 
perceived enjoyment as a  factor in predicting attitude and behavioral 
intentions to the use of clickers in student learning. Based on TAM, Wong 
et al. (2012) explored the role of gender and computer teaching efficacy as 
external variables in technology acceptance in Malaysia. The authors found 
that TAM was adequately explained by the data. The model accounted for 
36.8 percent of the variance in intention to use computers among student 
teachers.

Theoretical Frame Work

Technology Acceptance Model (TAM)

Among the  most popular models in technology acceptance research, 
the technology acceptance model (TAM) (Davis, 1989) has been found to be 
a robust and parsimonious model for understanding the factors that affect 
users’ intention to use technology in education (Teo, 2012). In fact, TAM 
has become one of the most widely used models in technology embedded 
education research (Kılıç, 2014). What makes the TAM model widespread 
is its understandability and simplicity (King & He, 2006).

TAM was developed by Davis (1986) to theorize the  usage behavior 
of computer technology. TAM was derived from another popular theory 
called Theory of Reasoned Action (TRA) from the field of social psychology 
which explains a  person’s behavior through their intentions. Intentions 
in turn are determined by two constructs: individual attitudes toward 
the  behavior and social norms, or the  belief that specific individuals or 
a specific group would approve or disprove of the behavior. While TRA was 
developed to explain general human behavior, TAM specifically explains 
the  determinants of computer acceptance that are general and capable 
of explaining user behavior across a  broad range of end-user computing 
technologies and the  user population (Davis et  al., 1989). TAM breaks 
down the TRA’s attitude construct into two constructs: perceived usefulness 
(PU) and perceived ease of use (EU) to explain computer usage behavior. In 
fact, TAM specifically explains the determinants of information technology 
end user’s behavior towards information technology (Saade’ et al., 2007). 
In TAM, Davis (1989) proposes that the  influence of external variables 
on intention is mediated by perceived ease of use (PEU) and perceived 
usefulness (PU). TAM also suggests that intention is directly related to 
actual usage behavior (Davis et al., 1989).
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Innovation Diffusion Theory

Rogers (2003) defined compatibility as one of the  characteristics of 
innovation. It studies how innovation is perceived as being consistent 
with the existing values, needs, and past experiences of potential adopters. 
Past research showed that compatibility demonstrated its pertinence to 
the  discourse on user acceptance of technologies (Chen 2011). TAM was 
combined with innovation diffusion theory to explain and predict intention 
to use technologies Chen, et al (2002). Many studies found compatibility 
as an important factor that affects students’ usage of learning technologies 
(Lai, et al 2012). 

The Expectation–Confirmation model

Satisfaction and perceived usefulness are the  major blocks that were 
defined in the Expectation–Confirmation Model (ECM) which was proposed 
by Bhattacherjee (2001). Satisfaction refers to the extent to which a user is 
pleased with using a technology for a particular purpose (Liao, et al 2015). 
Student satisfaction is an important indicator of the  quality of learning 
experiences students received (Yukselturk & Yildirim, 2008). Hence, it 
is valuable to investigate students’ satisfaction with different technology 
used in the  learning and teaching process, as new technologies have 
altered the way in which students interact with instructors and classmates 
(Kaminski, et al 2009). 

Perceived usefulness is defined as the extent to which a person believes 
that using a  particular system will enhance his or her job performance, 
Davis (1989). Subramanian (1994) found that perceived usefulness had 
significant correlation with attitude toward usage behavior. This finding 
was later confirmed by Fu et  al. (2006) and Norazah, et  al. (2008) who 
found that behavioral intention was largely driven by perceived usefulness. 

Social Cognitive Theory 

Social Cognitive Theory (SCT) states that social and psychosocial factors 
influence user behavior. Self-efficacy is one of the factors that is considered 
in this study. It is perceived that is one’s belief in his or her ability to 
execute a  task or behavior (Bandura, 1986). Venkatesh and Davis (2000) 
found that self-efficacy acts as a determinant of perceived ease of use both 
before and after hands-on use with a system. Self-efficacy is considered as 
one of the  external variables in the  TAM model and it plays a  vital role 
in shaping an individual’s feeling and behaviour (Compeau & Higgings, 
1995). Research on self-efficacy has been found to be a significant predictor 
of perceived usefulness and perceived ease of use (e.g., Hsu et  al., 2009; 
Macharia & Pelser, 2014; Padilla-Melendez et al., 2008). 
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Research Model and Hypotheses Development
The research model of this study is presented in Figure 1. The following 

hypothesis are proposed based on the theoretical model:
H1: Attitude has a  significant effect on students’ behavioral intention to 

use IPAD,
H2: Perceived ease of use has a  significant effect on students’ attitude 

towards using IPAD,
H3: Perceived ease of use has a significant effect on the perceived usefulness 

of IPAD,
H4: Perceived compatibility has a  significant effect on attitude towards 

using IPAD,
H5: Self efficacy has a significant effect on attitude towards using IPAD,
H6: Self efficacy has a  significant effect on perceived usefulness towards 

using IPAD,
H7: Self efficacy has a significant effect on perceived ease of use towards 

using IPAD,
H8: User Satisfaction has a  significant effect on perceived ease of use of 

IPAD,
H9: User satisfaction has a  significant effect on perceived usefulness of 

using IPAD,
H10: Perceived usefulness has a significant effect on attitude towards using 

IPAD.

Figure 1. The PLS research model
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Methodology

Study Context and Participants

The sample in this study consisted of 150 university students enrolled in 
undergraduate math classes at a Middle Eastern private American University. 
The  students were enrolled in the  academic years 2015–2016 through 
2018–2019 in different classes (algebra, calculus, statistics, differential 
equations...), that were taught by the  same instructor. The  participants 
were admitted to the  university based on their high school grade point 
average. Students were pursuing different fields of study, for example, 
graphic design, communication, business, computer science, engineering, 
and some were undecided.  Many students used IPAD for taking notes and 
using different math applications. 

Data were collected during the  last week of classes to guarantee that 
students had obtained enough experience with the IPAD before they answer 
the questionnaire questions. 

Measures

The instrument used in this study uses a modified version of the original 
technology acceptance model (TAM) that was created by Davis (1989). 
In this study, the  combination of TAM and compatibility is used, and 
constructs were measured by indicators using a  7-point Likert-type scale. 
The compatibility indicators were “Using IPAD fit well with learning math,” 
“Using IPAD fit well with helping me to be efficient in learning math,” 
“Using IPAD is compatible with my learning math,” and “Using IPAD 
has provided me with a good opportunity to learn math”. The behavioral 
intention indicators were “I intend to check announcements from IPAD 
frequently,” “I intend to be a heavy user of IPAD.” The attitude constructs 
were “studying through IPAD was a good idea,” “studying through IPAD was 
a wise idea,” and “I am positive toward IPAD”.  The perceived usefulness 
indicators were “IPAD would improve my learning performance,” and 
“IPAD could make it easier to study course content.” The  perceived ease 
of use indicators were “I find IPAD system easy to use,” “Learning how 
to use IPAD is easy for me,” and “It is easy to become skillful at using 
IPAD.” The  satisfaction indicators were “All things considered, I am very 
satisfied with IPAD,” “Over all my interaction with IPAD is very satisfying.” 
The  self-efficacy indicators were “I feel confident finding information on 
Apple webpage,” and “I have the necessary skills for using IPAD.” 

Data Analysis

The statistical software Smart-PLS 3.1 that implements the use of partial 
least square structural equation modelling (PLS-SEM) method was used 
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to conduct the  statistical analysis in this study.  (PLS-SEM) is a variance-
based method used to estimate structural equation models. Other well-
known softwares such as LISREL and AMOS are covariance based that use 
the maximum likelihood approach to estimate structural equation models. 
The  advantage of using PLS-SEM lies in the  fact that no assumption on 
the distribution of data is needed (Cassel, et al 1999). Moreover, a sample 
size that is 10 times the largest number of indicators is required. The large 
sample size of 150 students will increase the  consistency of the  model 
estimations. The indicators in the proposed model are all reflective because 
they are considered as effects of the  latent variables (Bollen and Lennox, 
1991).

Tables 1, 2, 3 & 4 provide the  information on student gender, student 
age, student years of study and student marital status, respectively.

Table 1. Student gender

Frequency Percent

Male 62 41.3

Female 88 58.7

Total 150 100

Table 2. Student age

Frequency Percent

Less than 18 15 10

18–25
26–30
More than 30

119
6
10

79.3
4

6.7

Total 150 100

Table 3. Student years of study

Frequency Percent

one year 31 20.7

Two years
Three years
Four years

74
21
24

49.3
14
16

Total 150 100
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Table 4. Student marital status

Frequency Percent

Single 116 77.3

Married 34 22.7

Total 150 100

In order to assess the  measurement model, the  composite reliability, 
convergent validity and discriminant validity should be evaluated (Barclay 
et al, 1995). The  composite reliability estimates the  reliability based on 
the inter correlations of the indicator variables of a specific construct. It is 
recommended that the value does not exceed 0.95. Otherwise, the indicators 
will be measuring same information (Nunally and Bernstein, 1994). 
Construct reliability for all constructs in the model ranged between 0.910 
and 0.951 as shown in Table 5. Convergent validity measures the positive 
correlation between an indicator and the  other indicators of a  construct. 
It can be measured by using the  average value extracted measure (AVE) 
that should exceed 0.5. Table 6 shows that all values in the model varied 
between 0.762 and 0.901. Discriminant validity measures the  extent to 
which a latent variable is distinct from other variables. One way to assess 
discriminant validity is by using the  Fornell-Larcker criterion (Fornell & 
Larcker, 1981). It requires that the  square root of each construct’s (AVE) 
be higher than all its correlation with the other constructs. Table 7 shows 
that all diagonal values (square root of AVE) are higher than those in their 
corresponding rows and columns.

The results of the hypothesis testing are shown in Table 8. Chin (1998) 
recommended that Bootstrapping of 500 subsamples is to be conducted 
to test the  significant of the  t test. Ten hypotheses were tested, a  few 
hypotheses were significant at the  0.05 and 0.1 significance level while 
the majority were significant at the 0.000 significance level. Table 9 shows 
the path coefficients and the p-values.

Table 5. Composite Reliability

Model
attitude (ATT) 0.932
behavioral intention (BI) 0.921
perceived ease of use (PE) 0.910
perceived usefulness (PU) 0.951
user satisfaction (US) 0.920
perceived compatibility (PC) 0.922
self-efficacy (SE) 0.943
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Table 6. Average Value Extracted

Model

attitude (ATT) 0.851

behavioral intention (BI) 0.824

perceived ease of use (PE) 0.831

perceived usefulness (PU) 0.901

user satisfaction (US) 0.762

perceived compatibility (PC) 0.891

self-efficacy (SE) 0.878

Table 7.  Latent Variable Correlation 

ATT BI PE PU US PC SE

ATT 0.922

BI 0.505 0.908

PE 0.773 0.444 0.912

PU 0.821 0.461 0.745 0.949

US 0.674 0.588 0.646 0.671 0.873

PC 0.801 0.712 0.567 0.652 0.832 0.944

SE 0.563 0.489 0.832 0.674 0.782 0.882 0.937

Table 8. Hypotheses testing results

Models’ coefficients P Values

H1: ATT -> BI 0.195 0.088

H2: PE -> ATT 0.147 0.086

H3: PE -> PU 0.323 0.012

H4: PC -> ATT 0.753 0.000

H5: SE -> ATT 0.231 0.077

H6: SE -> PU 0.301 0.013

H7: SE -> PE 0.521 0.000

H8: US -> PE 0.502 0.000

H9: US -> PU 0.535 0.000

H10: PU -> ATT 0.401 0.000
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Discussion and Conclusion

This research investigated University students’ acceptance of IPAD using 
the  combination of TAM, Innovation Diffusion Theory, Social Cognitive 
Theory (SCT) and Expectation–Confirmation Model in the  educational 
field. Results revealed that self-efficacy have a positive effect on students’ 
perceived ease of use, perceived usefulness and attitude towards using 
IPAD. Perceived ease of use is defined as “the degree to which a  person 
believes that engaging in online transactions would be free of effort.” For 
students, this means student’s perceived ability to handle technological 
applications in their math classes. Perceived ease of use affects perceived 
usefulness and attitude, perceived ease of use affects attitude and attitude 
affects behavioral intention. The  reported results are in line with what is 
found in literature and can be explained based on the motivational theory 
(Lee, et al 2005; Saade’, et al 2007; Park, 2009). Although the composite 
reliability values for some of the  constructs is close to 0.95, this is still 
considered acceptable. High values have been reported in the literature. For 
example (Yi & Hwang, 2003) reported values of 0.94 and 0.93 for the two 
constructs ease of use and enjoyment, respectively. Park (2009) reported 
a value of 0.93 and 0.94 for perceived ease of use and attitude, respectively. 
The reason for such high values could be that participants could not fully 
differentiate between the indicators of the considered construct. This issue 
could be solved in a future work by probably rephrasing the questions. 

Finding of this research should encourage institutions to put more 
emphasis on implementing more technological tools in the learning process 
of mathematics. In general, the  empirical results supported the  model. 
Probably, students welcomed the  adoption of IPAD as a  part and tool of 
the  learning process. Perceived usefulness as defined by Davis (1989) is 
the  extent to which a  person believes that using a  particular system will 
enhance the  job. The high effect of the perceived usefulness construct on 
attitude can be explained by students’ interest in IPAD and viewing it as 
useful technological tool that might enhance their learning. It seems that 
students are motivated both intrinsically and extrinsically as they seem to 
value the role that technological tools will play either on the personal level 
or on the social level. It is not only beneficial to them as students, but it 
will also please others, such as parents and educators, to know that such 
tools had a big influence on their education. Last but not least, this research 
study examined the applicability of an extended version of TAM to explain 
students’ acceptance of the IPAD as part of their enrolment in mathematics 
classes at university. The findings have great implications for educators and 
students all over the world as they shed light on the significant factors that 
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determine students’ acceptance of technological tools or platforms used in 
the math classroom.

Despite the great findings of this study, it is essential to remember that 
it was limited to students in a private American university in the Middle 
East. It is recommended that same study be done at different institutions in 
the region, public and private, before any generalization can be made. It is 
recommended that this study be extended to demographic characteristics, 
for example, age, gender, location, etc... It would also be interesting to test 
a variety of technological tools other than IPAD.
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