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1- Introduction

In the present paper, we describe a model for preparing pre-service teachers in the use of digital tools in teaching and
the effect of this preparation on some affective and behavioral aspects of the usage of these tools in the classroom. Two
of the factors that affect teachers’ use of technological tools in their teaching are their orientations towards this use and
the value of this use [1]. In the present research, we are interested in the previous two constructs, among other constructs,
as constructs that could affect teachers’ use of digital tools in the classroom. We utilize the Technology Acceptance
Model (TAM) of Davis [2] as a framework for such analysis. We are aware that other frameworks could be used to
analyze the studied issue [3], but we chose the TAM framework as it suits the analysis of the acceptance of digital tools
for teaching the subject matter, which is one aspect of pedagogical technological content knowledge (PTCK) [4].

Following, we present first the literature review that addresses the different topics of the present research. Second,
we elaborate on the research rationale, goals and questions, and third we address the methodology that we followed in
the present research. Fourth, we present the findings of the research, then the discussion and finally the conclusions.

* CONTACT: daherwajeeh@gmail.com
DOI: http://dx.doi.org/10.28991/esj-2021-01301

© 2021 by the authors. Licensee ESJ, Italy. This is an open access article under the terms and conditions of the Creative
Commons Attribution (CC-BY) license (https://creativecommons.org/licenses/by/4.0/).

Page | 636


http://www.ijournalse.org/
http://dx.doi.org/10.28991/esj-2021-01301
http://dx.doi.org/10.28991/esj-2021-01301

Emerging Science Journal | Vol. 5, No. 5

2- Literature Review
2-1- Technology in the Mathematics Classroom

Technology is suggested as an effective tool for the facilitation of students’ learning in the mathematics classroom.
This efficacy is due to the advantages of the integration of technology to support the different aspects of students’
learning of mathematics. Researchers were interested, at the beginning, mainly with the potentialities of the technology
for students’ investigation of mathematical ideas. Geiger et al. [5] say that technology was used by teachers mainly to
develop students' competencies in learning mathematics. These are the cases in Daher [6], as well as in Anabousy and
Tabach [7], who investigated how applets helped students investigate and solve mathematical problems. Researchers
became interested in the contribution of technology to other aspects of students’ learning to show the contribution of
technology to these aspects. Examples on these aspects are: students’ emotions [8], students’ positioning [9], the
relationship between positioning and emotions in the presence of technology [10], students’ metacognition [11],
students’ distance learning [12] and the relationship between metacognition and other aspects in the presence of
technology [13]. Researchers also studied the community aspect [14], and the identity aspect [15] as influenced by
technology presence. Despite these advantages, researchers pointed out that the potential of digital technologies in the
mathematics classroom is poorly exploited because technology integration is quite limited [16].

2-2- Pre-service and In-Service Teachers’ Preparation for Using Technology in the Classroom

Researchers pointed at the complexity of technology integration in the classroom, suggesting "teacher barrier" as the
most important factor that hinders technology integration [16]. This necessitates preparing pre-service and in-service
teachers for this integration. This preparatopm could affect pre-service teachers’ readiness to integrate technology in
their teaching. Jacobsen, Clifford and Friesen [17] studied preservice teachers’ reluctance to infuse technology in their
learning and student teaching, where this reluctance would not bring the skills and experiences needed to transform the
educational practices in the classrooms. The authors argue that the reasons that lie behind this reluctance could be the
over-emphasize on software applications rather than technology-infused curriculum design. A related reason is that the
education of preservice teachers does not demonstrate effective infusion of technology in all subject areas. The authors
suggest that one way to overcome this situation is to place preservice teachers in technology-enhanced classrooms in
which experienced teachers demonstrate new ways of teaching and learning with technology. The previous argument of
Jacobsen et al. [17] is still valid nowadays as more research implies the importance of teaching-in-context as encouraging
pre-service teachers’ adoption of technology as basis for their teaching [18]. Hedberg [19] also addressed the
effectiveness of professional development (PD) programs for technology integration in the classroom. To be effective,
PD needs to focus on instruction and how the use of technology will make learning more efficient. In the last decade,
researchers shed light on the potential of collaboration between teachers in the context of their preparation to integrate
technology. So, they suggested PD program designs such as the community-of-inquiry based PD programs, arguing that
this design facilitates teachers' integration of technology in the mathematics classroom [1, 20]. In detail, Jaworski [20]
suggested the inquiry cycle as a design for developing teaching practices. This cycle includes planning, acting and
observing, reflection and analysis, and feedback. Recently, Anabousy and Tabach [21, 22] examined the development
of in-service teachers' knowledge and practices after their participating in a community-of-inquiry based PD program in
which the teachers engaged in three inquiry cycles. The researchers (ibid) found that the participating teachers developed
their knowledge as well as their practices related to technology integration after their participating in a such program.
Similarly, other researchers suggest trajectories for preparing pre-service teachers and in-service teachers for integrating
technology in their teaching [11, 23]. These trajectories could serve effective preparation of pre-service teachers’ and
in-service teachers. The present research also suggests one such trajectory, in addition to studying the effect of such
trajectory on the pre-service teachers’ acceptance of digital tools for teaching mathematics and science. The present
research follows previous studies that emphasized the importance of studying the acceptance of digital tools by users
[24].

2-3-Technology Acceptance Model (TAM)

One of the most widely used models for technology adoption and usage is the ‘'Technology Acceptance Model' (TAM)
developed by Davis [2]. TAM assumes that perceived ease-of-use (PEOU) and perceived usefulness (PU) determine the
user’s acceptance of a technology. Davis describes PEOU as the degree to which the user expects the technology to
be free of effort, whilePU is the individual’s subjective perception of the technology as increasing performance within
an organizational context. As shown in Figure 1, the TAM model suggests that the user’s actual usage of a particular
system develops over four stages. External variables as individual abilities and situational constraints influence
technology usage through their impact on the PEOU and PU. Both factors (PEOU and PU) affect a user’s attitude
towards the technology, which in turn influences the user's intentionto use the technology. Furthermore, there is a direct
impact of perceived usefulness on the user’s intention to use the technology, which could mean that even if the individual
has a negative attitude towards a technology, this could be overcome by a positive belief about the technology’s
usefulness,which finally leads to a positive usage intention [25].
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Figure 1. Original technology acceptance model as in Davis [2].

Alenezi et al. [26] used 'enjoyment’, ‘computer anxiety', ‘computer self-efficacy' (CSE) and 'internet experience’, in
combination with PEOU and PU, to explain users' attitudes towards using E- learning. They found that computer anxiety,
CSE and enjoyment significantly influenced students' intention to use E-learning, while the Internet experience
insignificantly influenced them. Alenezi et al. [26], in contrast to Shih and Huang [27], found that attitude was confirmed
to mediate the relationship between PU, PEOU and the users' behavioral intention. Results from Yi and Hwang [28]
highlighted the important roles of self-efficacy, enjoyment, and learning goals orientation in determining the actual use
of web-based information systems. In the present research, we examined whether the affective-psychological variables
(self-efficacy, enjoyment and anxiety) mediate between the constructs of accepting digital tools for teaching mathematics
and science.

2-4- Affective and Psychological Variable as Mediator Variables in Technology-Based Learning

Affective and psychological variables have been found to mediate the relationship between educational variables in
the presence of technology. Al Dafaei et al. [29] examined whether self-efficacy significantly mediates the relationship
between attitudes and level of use of instructional computer technology. They found that self-efficacy fully mediates the
previous relationship. Li and Tsai [30] found that in the online game industry, self-efficacy mediates the effects of both
learning orientation and affective commitment on group efficacy, where this mediation further facilitates innovation
effectiveness.

Research related to students’ enjoyment showed that some educational variables could mediate the relationship in
which the students’ enjoyment is an outcome variable. Frenzel et al. [31] found that teacher and student enjoyment were
positively related. Moreover, the effect of teacher enjoyment on student enjoyment was mediated by teacher enthusiasm.
In addition, Yu et al. [32] found that enjoyment, anxiety and boredom had significant mediating and moderating effects
on the relationship between students’ interaction and learning persistence in online settings.

Alenezi et al. [26] examined attitude, which is one component of TAM, as mediating the relationship between
perceived usefulness, perceived ease of use and the students' behavioral intention. They found that attitude towards using
E-learning fully mediated the relationship between perceived usefulness and behavioral intention to use E-learning.
Further, they found that attitude towards using E-learning partially mediated the relationship between perceived ease of
use and behavioral intention to use E-learning. Little research has considered affective variables that are not part of the
original TAM as mediators between the components of TAM. The present research attempts to do so.

3- Research Rationale and Goals

Different studies examined students' acceptance of technological tools, but little research examined pre-service
teachers' acceptance of digital tools for mathematics and science teaching, especially as a result of their preparation,
specifically when affective constructs are considered as mediators of this acceptance. The present study attempts to do
so, considering self-efficacy, enjoyment and anxiety as personal constructs that could mediate between the constructs of
pre-service teachers’ acceptance to use digital tools in their teaching. Doing so, one of the present study goals is to
examine whether pre-service teachers’ preparation develops their acceptance of these tools as teaching tools. Here,
acceptance is measured in terms of the TAM components, i.e. PEOU, PU, CSE, attitude and future use. As mentioned
above, another goal is to examine the mediation of self-efficacy, anxiety of usingdigital tools for teaching and enjoyment
of this use between the constructs of TAM.

We addressed in our previous research the influence of the preparation program on some educational variables related
to preservice teachers. Anabousy and Tabach [22] studied the influence of a preparation program on the participating
teachers’ metacognitive thinking, where here we investigate this influence on the preservice teachers’ acceptance of
digital tools for teaching. In addition, the preparation model that we suggest here summarizes our work with preservice
teachers for more than a decade.

The mediators in which the present research is interested have been addressed in studies that use the TAM theoretical
framework, but they have been studied as external variables, where little research has focused on them as mediators.
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Due to their potentiality to be mediators as the literature above indicates, research is needed to verify their mediation in
the frame of TAM.

Drijvers [33] points out that the integration of digital technology in the classroom confronts teachers, educators and
researchers with many questions. One such question is about the potential of ICT for mathematics learning and teaching,
and which factors are critical in making it effective in the mathematics classroom. The present research attempts to study
one aspect of this question, which is related to affective and behavioral aspects of the technology integration in the
mathematics classroom. Moreover, this aspect could be studied by using the technology acceptance model as it could be
applied to pre-service teachers’ acceptance of digital tools for their teaching.

4- Research Questions

o Does the preparation of pre-service teachers in the use of digital tools increase their acceptance of these tools for
teaching mathematics and science?

o Does the preparation result in significant differences in the scores of the different constructs of pre-service
teachers' acceptance of digital tools (for teaching mathematics and science) according to the pre-service teachers'
specialization, computer-ability and computer-use?

o Do CSE, anxiety of using digital tools for teaching mathematics and science and enjoyment of this use mediate
between PEOU and PU on one side and attitude towards this use on the other side?

e Do CSE, anxiety of using digital tools for teaching mathematics and science and enjoyment of this use mediate
between attitude towards this use on one side and intention to use on the other side?

5- Research Methodology
5-1- Research Design

The present research follows qualitative and quantitative analysis. The qualitative analysis uses the constant deductive
and inductive constant comparison method, which helped arrive at the preparation model followed to educate the pre-
service teachers to use digital tools in teaching. The quantitative analysis was used to examine the influence of the
educating program on the pre-service teachers’ development in accepting digital tools for teaching. It was also used to
investigate the mediation of the affective and psychological variables (enjoyment, self-efficacy, and anxiety) between
the constructs of the TAM model. Before carrying out the required statistical tests, we investigated the assumptions of
the tests. This included the paired sample t-test, as well as the mediation analysis. To carry out the mediation analysis,
we depended on the regression analysis, so we investigated first the assumptions of the regression analysis.

5-2- Research Procedure

We prepared the educating program according to the student-in-the-center approach, where the pre-service teachers
were given the autonomy to prepare technology-based lessons, discuss them in their groups, implement them in their
training classrooms, reflect on this implementation and start the cycle again benefiting from the previous cycle. More
detail is given in the results’ section. We distributed the questionnaire at the beginning of the educational program and
at its end. In addition, we requested the pre-service teachers to audio record their discussions and reflections, and to
deliver the recordings to us. The pre-service teachers signed a formal consent form stating that they agree to participate
in the research.

5-3- Research Context and Participants

The current research accompanies the preparation of third year pre-service teachers to use digital tools effectively in
teaching mathematics and science. The preparation of the pre-service teachers in the college lasts four years, where the
third year is the year in which the pre-service teachers are prepared to use digital tools in their teaching in the training
schools. In their first year, the pre-service teachers participate in a course that focuses on technological skills as skills
to use editorsand spreadsheets. In their second year, the pre-service teachers participate in a course that focuseson
integrating technology in teaching the discipline, as mathematics or science.

We administered questionnaires to measure the advancement of the pre-service teachers’ acceptanceof digital tools
in teaching mathematics and science. Forty-eight pre-service teachers majoring in mathematics and science teaching
(twenty-four in each discipline) completed the questionnaires at the beginning and end of the preparation.

5-4- Research Instruments

A questionnaire that is based on Davis' Technology Acceptance Model [2], with 7-point Likert items, was translated
to conduct the research. Since TAM variations in different previous studies were all reliable, factor analysis was not
carried out in this study. Instead, face validity and reliability (Cronbach's Alpha) calculations were carried out. Six scales
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were used. The first scale is the scale of digital tools usefulness (9 items), such as “Using digital tools would improve
my problem solving”. The second scale is the scale of digital tools” ease-0f-use (3 items), such as “It would be easy for
me to become skillful in digital tools”. The third scale is the attitude towards digital tools (3 items), such as “I think
digital tools should be used in the science classroom”. The fourth scale is the intention-to-use scale (5 items), such as “I
would use digital tools for teaching”. The fifth scale is the use of digital tools (3 items), such as “T use digital tools in
my teaching”. The sixth scale is self-efficacy in using digital tools (5 items), such as “I can use digital tools for solving
problems”. The seventh scale is the enjoyment in teaching with digital tools (5 items), such as “Using digital tools in
teaching is highly enjoyable”. The eighth scale is the anxiety of teaching with digital tools, such as “I feel anxious when
teaching with digital tools”. The added constructs (self-efficacy and anxiety) were taken from Sanchez-Prieto et al. [34],
while the enjoyment scale was taken from [35].

The questionnaire had two parts. The first part collected personal information as specialization, computer-ability, and
computer-use, while the second part was composed of the eight scales. The questionnaire was translated for the first time
to Arabic language before administering it to the pre-service teachers. The items in all the scales utilized 7-point scales
(‘strongly disagree’ to ‘strongly agree’). The questionnaire underwent validity and reliability tests.

Face Validity: The Arabic translation of the questionnaire was given to a group of pre-service teachers who were
required to examine if the scales' statements were understandable to the reader. Some items of the scales were restated
to clarify their ambiguity.

Content Validity: The questionnaire was given to a group of experts (five college instructors) who were
required to examine whether the questionnaires' items cover the full domain of the different educational constructs and
whether they cover constructs other than the appropriate ones. The experts gave no remarks that necessitated the
modification of the TAM questionnaire.

The Scales' Reliability: The scores of the pre-service teachers in the TAM questionnaires were usedto compute
Cronbach alpha of the various TAM constructs. The computations resulted in values that ranged between 0.82 and 0.91,
which are considered acceptable reliability scores.

5-5- Data Analysis
Assumptions of Statistical Tests

First, we tested the satisfaction of the assumptions of the statistical tests. The first research question was answered
using paired-samples t-test. Laerd [36] describes 4 assumptions of the paired-sample t-test. The first assumption requires
that the dependent variable should be measured on a continuous scale (i.e., it is measured at the interval or ratio level).
This is satisfied in the case of the variables in the present research, as all the variables in TAM model, as well as the
additional variables are continuous ones. The second assumption requires that the independent variable should consist
of two categorical, "related groups" or "matched pairs". "Related groups" are groups in which the same subjects are
present in both groups. In the present research, the two groups are the pre-service teachers” whose TAM and additional
variables were measured before and after participating in the digital tools’ preparation program. The third assumption
requires that there should be no significant outliers in the differences between the two related groups. The outliers are
identified on the box plot that SPSS produces for outliers, as cases below or above the end of each “whisker.” To
elaborate, SPSS identifies outliers as cases that fall more than 1.5 box lengths from the lower or upper hinge of the box,
where the box length is defined as the distance from one hinge of the box to the other hinge. SPSS further distinguishes
“extreme” outliers by identifying values more than 3 box lengths from either hinge [37]. Not all researchers are
comfortable using the absolute value of 1.5 to judge outlier cases. Field and Miles [38] suggest that a value that lies
between 1.5 and 3 times beyond the length of the box is considered a mild outlier, while a value that lies more than 3
times the length of the box is considered an extreme outlier. In addition, Hoaglin and Iglewicz [39] argue that the 1.5
multiplier is incorrect in outlier recognition roughly 50% of the time, so they suggest 2.2 as the most accurate multiplier
to use. The previous argument made us look at 3 as multiplier as determining outliers, where the computations showed
no such outliers. The fourth assumption requires that the distribution of the differences in the dependent variable between
the two related groups should be approximately normally distributed. To investigate the normality assumption, we used
Shapiro-Wilk test, as it is more appropriate for small sample sizes (< 50 samples) [40]. This assumption was satisfied as
the significance of the statistic was more than .05 for all the research variables. The satisfaction of the previous four
assumptions indicated that the paired-sample t-test could be used.

The second research question was answered using ANOVA. Laerd [41] describes six assumptions that need to be
satisfied in order to carry out ANOVA. The first assumption is that the dependent variable should be continuous, where
this is satisfied for all the current research variables. The second assumption is that the independent variable should
consist of two or more categorical, independent groups. This is also satisfied in the current research as we are talking
about specialization, computer-ability and computer-use that each has at least three values. The third assumption is that
you have independent observations, where this assumption is satisfied as each group of participants is independent from
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the other. The fourth assumption requires that there should be no significant outliers. This was satisfied, taking into
consideration 3 as multiplier of the length of the outliers’ box. The fifth assumption is that the dependent variable should
be approximately normally distributed for each category of the independent variable. The fifth assumption was tested
using used Shapiro-Wilk test, where this test gave statistics with more than .05 significance, which showed normality of
the dependent variable over each group of the independent variable. The sixth assumption requires the homogeneity of
variances. This assumption was tested in SPSS Statistics using Levene's test for homogeneity of variances, which gave
statistics with significance which is more than .05, indicating the homogeneity of variances of the dependent variables
over the groups of the independent variables. The satisfaction of the six assumptions made it possible to carry out
ANOVA test.

Research questions 3 and 4 were answered using the four steps of Baron and Kenny [42]. Mediation analysis uses
regression analysis and requests that the assumptions of regression be satisfied. Regression analysis requests the
satisfaction of eight assumptions [43]. The first assumption is that the dependent variable should be measured on a
continuous scale, where we reported the satisfaction of this assumption above. The second assumption is that there are
two or more independent variables, which can be either continuous or categorical. In the third and fourth questions, the
independent variables are all continuous, so the second assumption is met. The third assumption requests independence
of observations, which can be checked using the Durbin-Watson statistic. Independence of observations is met when the
Durbin-Watson statistic is between 1.5 and 2.5 and the p-value is above 0.05. In the present research, we computed
Durbin-Watson statistic for each mediation, where all the computations showed statistic lying between 1.5 and 2.5 and
the p-value was above 0.05 [44]. The fourth assumption is that there needs to be a linear relationship between (a) the
dependent variable and each of your independent variables, and (b) the dependent variable and the independent variables
collectively. One way to do that is through creating a normal P-P Plot of Regression Standardized Residual. Figure 1
shows one such relationship normal P-P Plot of Regression Standardized Residual when the dependent variable is ease
of use.

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Ease of use

Expected Cum Prob

00 02 0.4 06 08 10

Observed Cum Prob

Figure 2. Normal P-P plot of regression standardized residual.

The fifth assumption requests that the data shows homoscedasticity, which is where the variances along the line of
best fit remain similar as you move along the line. In addition, it does not have an obvious pattern, there are points
equally distributed above and below zero on the X axis, and to the left and right of zero on the Y axis [45]. Figure 3
shows one such scatterplot, when the dependent variable is intention to use.
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Figure 3. Standardized residuals.

The sixth assumption requests that the data must not show multicollinearity, which occurs when two or more
independent variables are highly correlated with each other. This happens when the correlation is greater than 0.9 [46].
Computing correlations between the independent variables, all of them were less than 0.9, as in Table 1, which proved
the absence of multicollinearity.

Table 1. Pearson correlations between the independent variables.

Enjoyment Self_efficacy

. . ) Pearson Correlation 0.522™ 0.513™
Mediation of enjoyment and self-efficacy

between ease of use on one side and Ease_of use Sig. (2-tailed) 0.000 0.000

attitude on the other side.
N 48 48

L . ) Pearson Correlation 0.573" .468™
Mediation of enjoyment and self-efficacy

between usefulness on one side and Usefulness Sig. (2-tailed) .000 .000

attitude on the other side.
N 48 48

. . . Pearson Correlation 0.549™ 0.463™
Mediations of enjoyment and self-efficacy

between attitude on one side and intention Attitude Sig. (2-tailed) 0.000 0.000

to use on the other side.
N 48 48

The seventh assumption requested that the data show no significant outliers, high leverage points or highly influential
points. This assumption was satisfied as we reported above regarding the satisfaction of the outliers’ assumption for the
paired t-test. The eighth assumption requested that the residuals (errors) are approximately normally distributed. This
assumption was also satisfied as we reported above regarding the satisfaction of the normality assumption for the paired
t-test.

Statistical Tests

Research question 1 was answered using paired-samples t-test. Research question 2 was answered using ANOVA.
Research questions 3 and 4 were answered using the four steps of Baron and Kenny [42].
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6- Results
6-1- The Preparation Model

The pre-service teachers’ preparation utilized a community of inquiry pedagogy [47] as well as practice-based or
practice-oriented view of PD [48, 49]. The utilization of the two previous frameworks targeted developing mathematics
and science pre-service teachers’ practice in working with digital tools for teaching. More specifically, the present
preparation targeted developing pre-service teachers’ selection of a digital tool for a specific topic, in addition to teaching
a specific topic with the selected digital tool.

The preparation model depended on the interaction between the pre-service teachers in an electronic forum designed
for discussing the selection of digital tools for specific topics, utilizing them in lesson plans and implementing them in
the mathematics and science classrooms. The three authors of the paper functioned as educators of the pre-service
teachers in the forums, discussing with them issues that the pre-service teachers or the educators raised. The discussion
also happened at office hours between the pre-service teachers and their educators.

Moreover, the pre-service teachers’ preparation concentrated on two aspects. First, knowing the tool technically
(technological knowledge) and pedagogically (pedagogical knowledge) and being able to suggest it for teaching a
mathematical or scientific content (TPCK). Second, being able to start from a specific content, and select and integrate
appropriate digital tools for its teaching (another aspect of PTK). In more detail, each pre-service teacher had to learn at
least two digital tools technically by himself/herself and prepare user guides (PDF file or digital book) for other teachers
that include description of the most significant operations in these digital tools. Furthermore, the pre-service teacher had
to record video clips of screen shots while performing operations in these digital tools in order to explain for the users
how to perform these operations.

Moreover, each pre-service teacher was required to prepare pedagogical materials of how to use the digital tools in
teaching mathematics or science, and then present the materials in the training workshop and afterwards in the electronic
forum. Following that, all the materials were uploaded to internet sites that were constructed by the pre-service teachers.
An internet site was constructed by the pre-service teachers’ educators that included all the materials prepared by the
pre-service teachers, where these materials constituted a data bank for digital tools. In addition, each pre-service teacher
was requested to prepare at least two lessons for teaching mathematics or science using three digital tools from the data
bank. These lessons had to involve also collaborative learning and investigations that encourage the use of higher order
thinking skills. In addition, each pre-service teacher chose a subject in a digital textbook for teaching mathematics or
science, adding layers on it that connect to pedagogical activities based on using digital tools from the data bank site.
All these issues were discussed by all the pre-service teachers in the electronic forum, as well as in the office hours of
the pre-service teachers’ educators.

All the previous happened in the first semester. In the second semester, the pre-service teachers were asked to experiment
with the prepared materials and lessons in their training schools, reflect on their experimenting and then improve the
lesson plans that they built before. All the previous steps were practice-based and intended to develop the pre-service
teachers’ practice of using digital tools in the science and mathematics classrooms. Figure 4 describes the preparation
model that we followed to encourage the pre-service teachers to adopt digital tools for teaching mathematics and science.

4 N 4 N 4 N a2 N
« Interactions in the -Selectmq d_'g'tal tools *Reflecting about: * Adjustment of how to
electronic forum * Appropriating a tool for Selecting a tool, select a tool, how to
o specific topic appropriating a tool and appropriate a tool and
« Interactions in the «Teaching with a digital teaching with a tool how to utilize a tool for
office hours tool teaching

Inquiry and
negotiation of Reflection
practice

Figure 4. Teachers’ preparation model for adopting digital tools for teaching.

6-2- The Effect of the Preparation Model on the Participating Pre-Service Teachers’ Acceptance of Digital Tools for
Mathematics and Science Teaching

The present research examined the influence of using a specific model (described above) to prepare pre-service
teachers for using digital tools through one academic year. Doing so, we computed means and standard deviations of the
scores of the different constructs of accepting digital tools for mathematics and science teaching. We also ran paired t-
test to examine whether the differences between the scores before and after the intervention were significant. Table 2
shows the results of the previous computations.
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Table 2. Means, standard deviations, T value of the scores of the different constructs of acceptance of digital tools for
mathematics teaching (N=48).

Category Pre-Mean (SD) Post- Mean (SD) T value
Ease of use 5.23 (1.29) 6.05 (1.13) 5317
Usefulness 5.69 (1.11) 6.15 (1.11) 2.80™
Attitude 5.72 (1.19) 6.18 (1.13) 2.82™
Intention to use 5.83 (1.11) 6.18 (1.20) 2.39"
Use 5.14 (1.48) 6.18 (1.18) 4.21™
Self-efficacy 5.80 (1.13) 6.16 (1.15) 2.23"
Anxiety 3.00 (1.83) 3.33(2.28) 0.79
Enjoyment 5.71(1.31) 6.15 (1.20) 2.58"

*p<.05, **p<.01, ***p<0.001

Table 2 shows that using the model described above to prepare pre-service teachers for using digital tools through
one academic year resulted in significant differences in the scores of the different components of TAM and the affective
variables, except in the scores of anxiety.

We measured the effect size related to the differences that resulted from the intervention, using Cohen's d [50], where
0.8 is considered a large effect size, 0.5 is considered a medium effect size and 0.2 a weak one. Doing so, we found that
the effect size of the intervention for "ease of use” (d =0.78) was found to be a large effect, while the effect size of the
intervention for "usefulness™ (0.405), "use™ (0.406) and "intention to use" (0.607) were found to be medium effects. In
addition, the effect size of the intervention for "attitude™ (0.33), "self-efficacy” (0.33) and "enjoyment" (0.37) were found
to be weak effects.

Another goal of the present research was to examine whether the independent variables (specialization, computer-
ability, and computer-use) influenced the results of the intervention. Doing so, we ran mixed way ANOV A which showed
no significant interaction at the level of 0.05 or lower.

A third goal of the present study was to examine the mediation of enjoyment, anxiety and self- efficacy between the
predictors ease-of-use and usefulness, and the outcomes attitude and use. At the beginning, Pearson correlations were
computed, which showed non-significant correlations with anxiety. So, anxiety was not considered as mediator
construct. Moreover, self-efficacy and enjoyment were examined as mediators between ease-of-use and usefulness and
between attitudes (first mediation). Afterwards, self-efficacy and enjoyment were examined as mediators between
attitude and the intention to use digital tools in teaching (second mediation).

In Step 1 of examining the first mediation, the regression of attitude as outcome on the predictors, ease of use and
usefulness scores, ignoring the mediator, was significant, b =0.94, t(47) = 1.71, p=0.000 for ease of use and b=0.96,
t(47)=24.28, p=0.000 for usefulness. Step 2 showed that the regression of the mediators’ scores, self-efficacy and
enjoyment, on the predictors, was also significant, b = 0.91, t(47) = 15.22, p =0.000 for self-efficacy on ease-of-use; b =
0.97, t(47) = 26.35, p=0.000 for self-efficacy on usefulness; b = 0.92, t(47) = 16.13, p =.000 for enjoyment on ease-of-
use; b = 0.97, t(47) = 28.39, p =0.000 for enjoyment on usefulness. Step 3 of the mediation process showed that the
regression of attitude scores on the mediators was also significant, b=0.96, t(47)=24.19, p=0.000 on self-efficacy and
b=0.95, t(47)=20.39, p=.000 on enjoyment. Step 4 of the mediation process showed that the regression of the attitude on
the ease-of-use controlling for enjoyment as a mediator was also significant, b =0.46, t(47) = 4.57, p =0.000. This shows
partial mediation of enjoyment as the effect of ease-of-use has dropped from 0.94 to 0.46. Partial mediation was obtained
too for self-efficacy as mediator between attitude and ease-of-use, b =0.39, t(47) = 4.81, p =0.000, where the effect of
ease-of-use has dropped from 0.94 to 0.39. The same computations in step 4 were carried out for the mediators between
attitude, as outcome, and usefulness, as predictor. These computations showed partial mediation regarding self-efficacy
and no mediation regarding enjoyment.

As to the second mediation, computing for mediation effects for intention to use as outcome and attitude towards use
as predictor, the first three steps showed significant results for self-efficacy and enjoyment as mediators. Step 4 showed
partial mediation of self-efficacy, where the effect of attitude on the intention to use has dropped from 0.95 to 0.31. It
also showed partial mediation of enjoyment, where the effect of attitude on the intention to use has dropped from 0.95
to 0.36. Figure 5 shows the appropriate regression weights.
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Figure 5. Regression analysis of the TAM constructs for pre-service teachers’ acceptance of digital tools for teaching.

7- Discussion

The present research examined the influence of using a specific model in the preparation of pre-service teachers for
using digital tools through community of inquiry practices and practice-based PD. The research results indicate that the
preparation resulted in significant differences in the scores of the different constructs, except anxiety, of the acceptance
of digital tools for teaching mathematics and science. Thus, the results show the effectiveness of the community of
inquiry practices [11, 18, 22, 47, 51] regarding the acceptance of technology for teaching, where these practices included
synchronous as well as asynchronous means of communication. It is our conclusion that both means are essential in pre-
service teachers’ education [52]. The results also show the effectiveness of practice-based PD [48] which included the
two effective means [53]: pre-service teachers’ access to the digital tools, and the actual opportunities they had during
the preparation year to utilize these tools in their teaching.

As a result of the synchronous and the asynchronous means of communication, the pre-service teachers increased
significantly the mean score of the different constructs that are part of the original TAM framework. It seems that
increasing the pre-service teachers’ ease-0f-Use and usefulness related to using digital tools in teaching also increased
the participants’ attitude, intention to use and use of digital tools in teaching. This is in line with previous studies that
indicated the positive role of preparation for teaching with technology. For example, Theelen et al. [54] found that the
video-lecture combination led to a reduced professional anxiety and increased self-efficacy of the pre-service teachers
who participated in the experiment. Thus, technology-based preparation programs not only improve pre-service teachers’
practices and perceptions of technology integration in the classroom but their teaching in general.

The research results showed insignificant differences in the scores of anxiety to use ICT tools in the mathematics and
science classrooms. These scores were already low before the preparation (Mean=3.00, where the minimum score of
each item was 1 and the maximum was 7) as a result of the pre-service teachers' preparation in their first two years of
study. So, it was expected that it would stay low after the preparation. The results indicate the importance of preparation
that is needed to reduce the high levels of teachers’ anxiety or stress due to their use of educational technology in the
classroom [55]. Setyarini (2018) [56] reported that teachers experienced computer anxiety with different psychological
and physical symptoms. This computer anxiety was caused by four factors: social matter, psychological matter, teachers’
ability and technical matters. The pre-service teachers’ preparation included taking courses related to technology and
computer applications, where this preparation considered the educational uses of the applications. Thus, it could be
argued that the preparation helped the pre-service teachers lessen their anxiety of using ICT as part of their teaching,
specifically anxiety related to their ability and to the technical matters of using technology in teaching. Setyarini (2018)
[56] gives an example on technical matters the issue of whether the programs or devices that they used would work as
they expected. It is obvious that educating pre-service teachers to use technology, including for teaching in the classroom,
as in the case of the pre-service teachers in the present research, probably made those pre-service teachers able to
overcome difficulties related to technical matters.

In addition, Revilla Munoz et al. [57] reported an experiment in which they built a course that targeted improving
high school teachers’ ICT problem solving skills, where this improvement resulted in reducing techno-anxiety of these
high school teachers. On the other hand, improving digital skills could improve other educational constructs as the
leadership ones [58]. The previous argument indicates the importance of preparation programs that target in-service and
pre-service teachers’ ICT skills and the integration of ICT in teaching. In our case, the preparation program affected
positively the participants’ constructs related to the acceptance of digital tools in teaching.
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Running mixed way ANOV A showed that the background variables (specialization, computer- ability, computer-use)
did not interact significantly with the intervention. This insignificant interaction indicates that the intervention influenced
positively all the pre-service teachers, and not only part of them. We expected that the intervention would benefit the
science pre-service teachers more because the mathematics pre-service teachers are specialized in computers too. It
seems that this did not happen because the intervention was involved with technological pedagogical content knowledge
which was developed in the two groups of pre-serves teachers as a result of preparing them to integrate digital tools in
teaching during one year. This has not much to do with the technological knowledge that the mathematics pre-service
teachers are engaged with as part of their computer specialization. This technological knowledge is specific for computer
topics that are not part of the middle school curriculum. Especially, they are not or little related to integrating technology
in the mathematics classroom. What influenced the pre-service teachers’ acceptance of digital tools for teaching is
specifically the engagement in negotiating technological knowledge in the forums and as part of the reflection resulted
in a teaching context that encourage the pre-service teachers to accept technology as part of their repertoire in the
mathematics and science classrooms [11, 18].

The anxiety scores, being low, resulted in insignificant correlations with the other variables, what excluded anxiety
from being a mediator between the variables of technology acceptance. Self- efficacy, which is a critical factor of
personality [59], proved to be a partial mediator between ease-of-use and attitude, as well as between usefulness and
attitude. Moreover, self-efficacy proved to be a partial mediator between attitude and intention-to-use. These results are
in line with other studies that found self-efficacy to mediate between variables when at least part of these variables were
affective [29-30].

At the same time, enjoyment proved to be a partial mediator between ease-of-use and attitude, but not between
usefulness and attitude. In addition, enjoyment proved to be a partial mediator between attitude and intention-to-use.
These results are in line with studies that found enjoyment to mediate between classroom variables [32].

8- Conclusions, Limitations and Contribution

Little research has been done on affective and psychological variables as mediators of the acceptance of digital tools
for teaching by pre-service teachers. The present study investigated affective and psychological constructs, specifically
enjoyment, self-efficacy and anxiety, as mediators in the acceptance of digital tools for teaching. More attention needs
to be paid to the various affective and psychological constructs as mediators and antecedents for technology use in
teaching mathematics and science, especially during teachers’ preparation programs [60]. Thus, one limitation of the
present research is that it was interested in enjoyment, self-efficacy and anxiety. Future research is needed to study other
affective and psychological variables as mediators in the acceptance of technology. Examples on such variables are
satisfaction, motivation and learning flow.

Another limitation of the study is that it involved only mathematics and science teachers. Future research is needed
to study affective variable as mediators of the acceptance of digital teaching by in-service and pre-service teachers of
other disciplines. A third limitation is that the present research is interested in mediators. Future research is needed to
study the issue of moderation, i.e., to investigate affective and psychological variables as moderators of the acceptance
of technology by teachers. A fourth limitation of the present research is that it is done in the frame of an education
program for pre-service teachers. A future study is needed to investigate the issue of mediators and moderators in the
acceptance of technology in the frame of a professional development program for in-service teachers.

Attention needs to be paid for the affective and psychological variables in teachers’ educational program, especially
when these programs address technology use in the classroom. These educational programs need to foster enjoyable
learning experiences, so that the option of teachers’ acceptance of technology or other innovation use in the classroom
rises. To increase pre-service and pre-service teachers’ self-efficacy in using technology for teaching, the educational
programs need to design hands-on activities in which the participants prepare technology-based activities for teaching
in the classroom, and implement these activities in the training or actual classroom.
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