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Abstract: Dynamic mathematics software, such as GeoGebra, is one of the most important teaching
and learning media. This kind of software can help teachers teach mathematics, especially geome-
try, at the elementary school level. However, the use of dynamic mathematics software of elemen-
tary school teachers is still very limited so far. This study analyzed the factors influencing elemen-
tary school teachers’ usage behavior of dynamic mathematics software. Four independent variables,
namely performance expectancy (PE), effort expectancy (EE), social influence (SI), and facilitating
conditions (FC) from the united theory of acceptance and use of technology (UTAUT), were used to
understand elementary school teachers” usage behavior of dynamic mathematics software. A ques-
tionnaire survey was conducted in the Hunan and Guangdong provinces of China. Two hundred
and sixty-six elementary school mathematics teachers provided valid questionnaire data. The par-
tial least squares structural equation modeling (PLS-SEM) approach was used to analyze the data.
The results showed that facilitating conditions and effort expectancy significantly affect elementary
school teachers’ usage behavior of dynamic mathematics software, and facilitating conditions were
the biggest factor that affected user behavior. The moderating effects of gender, major, and training
on all relationships in the dynamic mathematics software usage conceptual model were not signif-
icant. This study contributes by developing a model and providing new knowledge to elementary
school principals and the government about factors that can increase the adoption of dynamic math-
ematics software.

Keywords: UTAUT; elementary school teachers; usage behavior; dynamic mathematics software;
PLS-SEM

MSC: 97U50

1. Introduction

Dynamic mathematics software including GeoGebra, Desmos, Netpad, Cabri, and
Geometer’s sketchpad were used as some of the most effective teaching and learning media
in mathematics [1-3]. It is particularly suitable for teaching and learning geometry and
algebra [4-6]. Dynamic mathematics software is often used to manipulate and construct,
as well as test hypotheses [7]. Initially, this kind of software is produced to replace manual
drawing on several mathematical topics [8,9]. In the process of time, dynamic mathematics
software provides many opportunities for mathematics teaching and learning. Recently,
this kind of software became increasingly popular at the secondary school level [10-17].

Dynamic mathematics software can also be an effective teaching and learning medium
for elementary school teachers and students. As one of the main topics at the elementary
school level [18,19], geometry is taught to mainly understand the knowledge and mea-
surement of the geometry figures, and the position and movement of the geometry fig-
ures [20] (p. 27). Dynamic mathematics software enables students to understand more
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about various shapes and their properties [21,22]. Additionally, it allows them to ana-
lyze the characteristics and relationships between plane figures [18]. The eventual goal of
learning geometry is to improve problem-solving, high-order thinking, and collaboration
skills [23,24]. Dynamic mathematics software is regarded as a type of alternative teaching
and learning media compared to the traditional media, which can promote students” con-
ceptual understanding and improve their problem-solving skills at the K-12 level [25-28].
Furthermore, the development of this type of software, such as GeoGebra, continues to
support mathematics teaching and learning activities at the elementary school [18,29,30],
secondary school [10,11,31], and even university levels [32,33].

Previous studies analyzed the effects of dynamic mathematics software on mathe-
matics teaching and learning [27,34,35]. However, limited research analyzed elementary
school mathematics teachers’ perspectives on the use of dynamic mathematics software [36].
In order to determine factors that positively affect elementary school teachers’ usage behav-
ior of dynamic mathematics software, the following two research questions were investi-
gated:

1.  What factors positively affect elementary school teachers” usage behavior of dynamic
mathematics software based on the unified theory of acceptance and use of technol-
ogy (UTAUT)?

2. Does gender, major, or training moderate the relationships between performance ex-
pectancy, effort expectancy, social influence, facilitating conditions, and elementary
school teachers’ usage behavior of dynamic mathematics software?

2. Literature Review and Hypothesis Development
2.1. Dynamic Mathematics Software at the Elementary School Level

Some dynamic mathematics software, such as GeoGebra (https://www.geogebra.org,
accessed on 1 February 2023), Desmos (https://www.desmos.com, accessed on 1 Febru-
ary 2023), and Netpad (https://www.netpad.net.cn, accessed on 1 February 2023), which
can be downloaded freely, are suitable software used at the elementary school level. This
type of software is regarded as an effective teaching and learning medium to promote
students’” conceptual understanding and improve their problem-solving skills. Dynamic
mathematics software can be used on algebraic materials, fractions, numbers, probability,
and data analysis at an elementary school level [37]. Researchers even developed some
microgames for elementary school teaching and learning based on dynamic mathematics
software platforms [38,39]. The Chinese government took many measures to promote the
use of information technology by teachers at the K-12 level [40-43]. However, the use of
dynamic mathematics software at the elementary school level is still very limited. Further
study may need to examine the factors that positively affect elementary school teachers’
usage behavior of dynamic mathematics software.

2.2. UTAUT and Adoption of Dynamic Mathematics Software

The unified theory of acceptance and use of technology (UTAUT) developed by Venka-
tesh et al. [44,45] integrates eight models and theories of individual acceptance to predict
people’s behavioral intention (BI) and usage behavior (UB) of new technologies. Accord-
ing to the UTAUT, the behavioral intention and usage behavior may be affected by perfor-
mance expectancy, effort expectancy, social influence, or facilitating conditions. Previous
studies showed that the UTAUT provides a strong theoretical framework to analyze peo-
ple’s adoption of technology. The model was adopted in several contexts such as hospi-
tality [46], automotive [47], education [48], medicine [49], and shopping [50]. It is known
that the UTAUT is more widely used to examine the behavioral intention or usage be-
havior than the original technology acceptance model (TAM) [51,52]. The model is more
complete and can explain more of the variance in the dependent variables. Therefore, this
study adopts the UTAUT to explore the factors influencing elementary school teachers’
usage behavior of dynamic mathematics software.
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The first construct is performance expectancy (PE), which is defined as “the degree to
which an individual believes that using the system will help him or her to attain gains in
job performance” [44] (p. 447). This construct can be referred to as perceived usefulness in
the TAM model [51-54]. In the context of this study, performance expectancy is regarded
as the teachers’ beliefs that dynamic mathematics software can improve teaching quality
at the elementary school level. Several studies showed that performance expectancy can
positively affect the user’s adoption of new technology [48,55,56]. Therefore, this study
has an initial hypothesis that performance expectancy positively affects elementary school
teachers’ usage behavior of dynamic mathematics software.

The second construct is effort expectancy (EE), which can be interpreted as “the degree
of ease associated with the use of the system” [44] (p. 450). This construct is known as a
vital factor and significantly affects the users’ adoption of new technology [48,57]. In this
context, the adoption of dynamic mathematics software is affected by its ease to use for
elementary school teachers. Teachers in China may have limited time to study instructional
media that are difficult to operate because they have various tasks to perform. Therefore,
effort expectancy may significantly affect elementary school teachers’ usage behavior of
dynamic mathematics software.

UTAUT also has a construct called social influence (SI), which can also be called sub-
jective norms or social factors in the technology acceptance model [54]. This construct is
defined as “the degree to which an individual perceives that important others believe he or
she should use the new system” [44] (p. 451). Several studies showed that social influence
greatly affects someone to adopt new tools [48,58,59]. In this context, social influence is
defined as the school leaders, colleagues, and students who believe that elementary school
mathematics teachers need to use dynamic mathematics software to teach mathematics.

The last independent variable construct is facilitating conditions (FC), which can also
be interpreted as behavioral control [60]. This construct is interpreted as “the degree to
which an individual believes that an organizational and technical infrastructure exists to
support use of the system” [44] (p. 453). Several studies showed that facilitating conditions
significantly affect people to adopt new technology [39,61,62]. In this context, facilitating
conditions are defined as hardware and software facilities of the classroom, curriculum re-
sources related to dynamic mathematics software, and on-time professional support when
elementary school teachers have trouble in using dynamic mathematics software.

Furthermore, usage behavior (UB), which is also known as actual use, refers to peo-
ple’s behavior to adopt new technology [44,54]. It may be positively affected by four inde-
pendent variable constructs in the UTAUT. In this study, elementary school teachers’ usage
behavior of dynamic mathematics software is the dependent variable. There is an initial
hypothesis that four independent variables including performance expectancy, effort ex-
pectancy, social influence, and facilitating conditions positively affect usage behavior. The
dynamic mathematics software usage conceptual model is shown in Figure 1.
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Figure 1. Dynamic mathematics software usage conceptual model.

The following is the initial hypothesis that will be tested in this study.

H1. Performance expectancy affects elementary school teachers’ usage behavior of dynamic mathe-
matics software.

H2. Effort expectancy affects elementary school teachers’ usage behavior of dynamic mathematics
software.

H3. Social influence affects elementary school teachers’ usage behavior of dynamic mathematics
software.

H4. Facilitating conditions affect elementary school teachers’ usage behavior of dynamic mathemat-
ics software.

In accordance with Venkatesh et al.’s suggestion [44], this study also analyzed the
moderating effects of gender, major, and training on the relationships between perfor-
mance expectancy, effort expectancy, social influence, facilitating conditions, and elemen-
tary school teachers” usage behavior of dynamic mathematics software. Several studies
showed that moderator variables are not always effective in influencing someone to adopt
new technologies [63-65].

Gender is predicted to affect people’s adoption of new technology [66,67]. In the edu-
cational context, the use of computer technology-based teaching and learning media is usu-
ally more mastered by male teachers [68,69]. In the context of social influence, women are
more sensitive to responses from the environment than men [70]. It is, therefore, believed
that the gender factor will affect all relationships in the dynamic mathematics software
usage conceptual model.

H5. Gender moderates the relationships between performance expectancy, effort expectancy, so-
cial influence, facilitating conditions, and elementary school teachers’ usage behavior of dynamic
mathematics software.

Additionally, this study assumes that the major is a moderating factor of performance
expectancy, effort expectancy, social influence, and facilitating conditions on teachers’ us-
age behavior of dynamic mathematics software. The education of preservice mathematics
teachers tends to focus on pedagogical, mathematical, and technological knowledge [71-75].
Teachers who graduated from a mathematics-related major are supposed to understand
the importance of dynamic mathematics software. Therefore, this study predicts that ma-
jor moderates the relationships between the independent variables and teachers’ usage
behavior of dynamic mathematics software. This produced the initial hypothesis:
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H6. Major moderates the relationships between performance expectancy, effort expectancy, social
influence, facilitating conditions, and elementary school teachers’ usage behavior of dynamic math-
ematics software.

Training which can change people’s perceptions is regarded as the final moderator
variable [76-78]. In China, this variable may serve as one of the opportunities given to
teachers every semester to improve their technological pedagogical content knowledge
(TPACK), or their preservice TPACK course. This study believes that teachers who have
attended training possess various perceptions of using dynamic mathematics software in
class. Furthermore, those who take part in the training will find this type of software easy
to operate. The school has a team that is ready to help teachers when they have difficulty
operating dynamic mathematics software. Therefore, this training may affect all relation-
ships in the dynamic mathematics software usage conceptual model.

H7. Training moderates the relationships between performance expectancy, effort expectancy, so-
cial influence, facilitating conditions, and elementary school teachers’ usage behavior of dynamic
mathematics software.

3. Methodology

This study used a quantitative approach to explore factors that positively affect el-
ementary school teachers’ usage behavior of dynamic mathematics software. It also ex-
amined the moderating effects of gender, major, and training on all relationships in the
dynamic mathematics software usage conceptual model. Five constructs, namely perfor-
mance expectancy, effort expectancy, social influence, facilitating conditions, and usage
behavior in the instrument, were adopted from the UTAUT [44]. Based on the dynamic
mathematics software usage conceptual model, the data were collected by a self-designed
questionnaire. Two hundred and sixty-six elementary school mathematics teachers in the
Hunan and Guangdong provinces of China provided valid questionnaire data. The partial
least squares structural equation modeling (PLS-SEM) approach was used to analyze these
data.

3.1. Instrument and Data Collection

We tried to develop an instrument to explore factors influencing elementary school
teachers’ usage behavior of dynamic mathematics software. In order to determine the in-
dicators of each construct in the instrument and the feasibility of the questionnaire, some
papers were reviewed firstly, and then, two pilot studies were conducted in early August of
2022. Since this study focused on dynamic mathematics software, several task-technology-
fit items were used to measure performance expectancy, such as “Dynamic mathematics
software helps elementary school students to understand the relationships between geom-
etry figures”. This was different from the other studies, which typically used some more
general items such as “I would find the system useful in my job” [44]. The initial inspi-
ration came from the work of Pittalis [79], which used three constructs, namely visualiza-
tion processes, reasoning processes, and construction processes, to characterize the perfor-
mance of dynamic geometry software. Another four constructs, namely algebra thinking,
function thinking, stochastic thinking, and statistics thinking, were added, since dynamic
mathematics software such as GeoGebra can be used in almost any field of mathematics
teaching. A total of 21 items were used to measure the performance expectancy of dynamic
mathematics software at first. However, the results of pilot studies showed that it was not
necessary to use so many items and some of them were not suitable. Therefore, only six
items remained. Some items revised from the literature were not suitable for the other
constructs. For example, “My interaction with dynamic mathematics software is clear and
understandable” was not suitable for measuring effort expectancy. Therefore, these items
were deleted or replaced. After the pilot studies, the remaining questionnaire items were
consulted with three professors and three other researchers for the assessment of content
validity. The final questionnaire was obtained after being revised due to suggestions for
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improvement (Appendix A). All 18 measurement items used a 5-point Likert scale rang-
ing from strongly disagree (1 point) to strongly agree (5 point). The 0-1 coding scheme
was used for gender (male: 0, female: 1), major (non-math: 0, math: 1), and training on
dynamic mathematics software (no: 0, yes: 1). People’s experience was divided into three
groups including teaching less than 5 years, between 6 and 15 years, and over 15 years.

The questionnaire was produced by using the Wenjuanxing application. The link of
the electronic questionnaire was sent to the target group, elementary school mathemat-
ics teachers, via school leaders, teaching research group leaders, and master teachers in
late August of 2022. Respondents did not need to provide names and identities, since
their data were anonymous. Data were collected using convenient sampling techniques to
reach a total of 284 elementary school mathematics teachers in the Hunan and Guangdong
provinces, which, respectively, represent the Central and Eastern regions of China. In the
questionnaire, we provided information that this study aimed to determine factors that
affect elementary school teachers” usage behavior of dynamic mathematics software. We
also announced that this study was voluntary. All data that were collected were used only
for this study.

A total of 266 elementary school mathematics teachers (71 males and 195 females) pro-
vided valid data. There were 255 and 11 respondents with undergraduate and master’s de-
grees, respectively. Two-thirds of respondents (179) graduated with a mathematics-related
major, and about one-third of them (87) graduated with a non-mathematics major. More
than 70% of respondents (193) had more than five years of teaching experience. A total of
204 and 62 respondents worked in cities and villages, respectively. More than 70% of re-
spondents (194) did not experience systematic training on dynamic mathematics software.
Table 1 shows the demographics of the respondents in more detail. The average time for
completing the questionnaire was 7 min, indicating that these sample teachers took the
questionnaire seriously.

Table 1. Demographics data of the respondents.

Demographic Type N Percentage
Gend Male 71 26.7
ender Female 195 73.3
Bachelor’s or
. 255 95.9
Level of education associate degree
Master’s degree 11 41
Maior Mathematics 179 67.3
) Non-Mathematics 87 32.7
less than 5 years 73 27.4
Teaching experiences between 6-15 years 99 37.2
over 15 years 94 35.3
. Urban 204 76.7
School location Rural 62 233
Training on dynamic Yes 72 27.1
mathematics software No 194 72.9

3.2. Data Analysis

The quantitative data were analyzed using SPSS 26 and SmartPLS 4. Firstly, SPSS 26
was used for data clearing and descriptive analysis. Then, the Shapiro-Wilk test was car-
ried out to determine the normality of the data. Finally, SmartPLS 4 was used to explore
the factors influencing elementary school teachers” usage behavior of dynamic mathemat-
ics and the moderate effect of gender, major, and training on each relationship in the model.
SmartPLS is a popular software for the partial least squares structural equation modeling
(PLS-SEM) in e-learning research [80]. When the distribution of the sample is non-normal
and the sample size is small [81,82], PLS-SEM is considered as a more appropriate SEM
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approach than the traditional covariance-based structural equation modeling (CB-SEM)
approach [48,83]. In this study, the sample data were not of a normal distribution, and
the sample size was relatively small, but it was sufficient for PLS-SEM. According to Hair
et al. [84] (p. 420), the minimum sample size is ten times the maximum number of paths
aiming at any construct in the outer and inner models. In this study, the maximum num-
ber of paths were 6, which was from the performance expectancy construct. This showed
the minimum sample size was 60 respondents. There were 266 respondents in this study,
which met the sample size criteria in PLS-SEM. Hair et al. [82,85,86] emphasized that the
two stages of PLS-SEM include measurement model evaluation and structural model eval-
uation. PLS-SEM algorithm, bootstrapping, and blindfolding procedures were carried out
to obtain the results of measurement model evaluation and structural model evaluation.
Bootstrap multigroup analysis procedure was carried out to obtain the results of the mod-
erating effect analysis.

4. Results

The results were divided into three parts. Firstly, the measurement model evaluation
shows indicator reliability, internal consistency reliability, convergent validity, and dis-
criminant validity. Secondly, the structural model evaluation showed the overall goodness-
of-fit of the model, the result of examining collinearity, the sizes and significance of the
path coefficients, the coefficient of determination (R?), the effect size (f2), and the model’s
predictive relevance (Q?). Finally, partial least squares multi-group analysis (PLS-MGA)
showed the results of the moderating effect analysis of gender, major, and training on all
relationships in the dynamic mathematics software usage conceptual model.

4.1. Measurement Model Evaluation

A reflective measurement model evaluation was carried out to observe the results of
the reliability and validity test. It is better if the indicator loading is not less than 0.708 [82],
(p- 775, [86]). The lowest loading was owned by PE1 of 0.840. In addition, all t-statistics
of the outer loadings were larger than 2.58 with a significance level of 0.01, which means
the measurement model had a good indicator reliability. The measurement model had
a good internal consistency reliability when the values of Cronbach alpha and composite
reliability (CR) (pa) of all constructs exceeded 0.7 [82]. The lowest value of Cronbach alpha
was owned by FC of 0.894, while that of the CR was owned by EE of 0.899. The lowest value
of average variance extracted (AVE) was owned by PE of 0.797, which was larger than
the critical value of 0.5 [82]. Therefore, the measurement model had a good convergent
validity.

Some research papers considered a VIF (variance inflation factor) >10 as an indica-
tor of multicollinearity [87], but some chose a more conservative threshold of 5 or even
3 [81,82]. All VIF values in Table 2 were less than 10, and most of them were less than 5.
Therefore, the measurement model did not have serious multicollinearity problems.

Furthermore, discriminant validity was tested with the Fornell-Larcker criteria [88].
The square root of AVEs should be greater than the interconstruct correlation coefficients.
The bolded square root of AVEs on the diagonal in Table 3 was higher compared to the
correlation coefficients, indicating that the measurement model had a good discriminant
validity.
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Table 2. Results for reliability, convergent validity, and multicollinearity test.

Composite Average Variance
. Outer T- Cronbach’s pos] Variance .
Constructs Indicator . . Reliability Inflation
Loadings Statistics Alpha (CR, px) Extracted Factor (VIF)
s PA (AVE)
PE1 0.840 27.063 2.876
PE2 0.909 51.943 4.957
Performance P
Expectancy PE3 0.884 40.498 0.949 0.969 0.797 3.042
(PE) PE4 0.883 32.543 3.360
PE5 0.917 50.361 5.674
PE6 0.921 53.275 6.816
Effort EE1 0.907 54.233 2.682
Expectancy EE2 0.906 53.561 0.897 0.899 0.829 2.711
(EE) EE3 0.919 84.873 2.839
Social SI1 0.967 130.928 7.404
Influence SI2 0.955 78.823 0.949 0.950 0.908 5.870
(S1) SI3 0.936 68.891 3.957
Facilitating FC1 0.869 36.263 2.192
Conditions FC2 0.929 73.896 0.894 0.902 0.825 3.393
(FC) FC3 0.925 83.905 3.130
Usage UB1 0.911 67.283 2.720
Behavior UB2 0.943 99.400 0.905 0.912 0.840 4.055
(UB) UB3 0.895 46.180 2.884
Table 3. Results of the Fornell-Larcker test for assessing discriminant validity.
Constructs EE FC PE SI UB
Effort Expectancy (EE) 0.911
Facilitating Conditions (FC) 0.580 0.908
Performance Expectancy (PE) 0.420 0.354 0.893
Social Influence (ST) 0.379 0.347 0.742 0.953
Usage Behavior (UB) 0.583 0.721 0.263 0.260 0.917

The Fornell-Larcker criterion is better equipped with the heterotrait-monotrait ratio
(HTMT) of correlations test results [82], (p. 776, [86]). The biggest HTMT value was 0.795
(Table 4), which failed to exceed the limit of 0.85, indicating that the measurement model
had undoubted discriminant validity [82].

Table 4. Results of the HTMT test for assessing discriminant validity.

Constructs EE FC PE SI UB
Effort Expectancy (EE)
Facilitating Conditions (FC) 0.640
Performance Expectancy (PE) 0.449 0.381
Social Influence (SI) 0.412 0.379 0.789

Usage Behavior (UB) 0.643 0.795 0.280 0.287
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Indicator reliability, internal consistency reliability, convergent validity, and discrim-
inant validity were tested and presented so far, and all data were good. This means the
measurement model evaluation was satisfactory, the next step was structural model eval-
uation.

4.2. Structural Model Evaluation

According to Hair et al. [85], the steps for assessing the structural model are: (1) exam-
ine collinearity, (2) evaluate the size and significance of the structural path relationships, (3)
assess the R?, (4) examine the effect size f?, and (5) evaluate the predictive relevance based
on Q*. However, Henseler et al. [89] suggested that “the overall goodness-of-fit (GoF) of
the model should be the starting point of model assessment” (p. 9). SRMR (standardized
root mean square residual) and NFI (normed fit index) values are commonly used to eval-
uate the suitability and robustness of the model [90,91].

The overall model has a good fit when SRMR is below 0.08 [89]. Additionally, the
model has a good fit when the NFI value is above 0.90 [89], but a value of a little bit lower
than 0.90 is also acceptable [92]. The SRMR value was 0.059 < 0.08, and the NFI value was
0.867, which was close to 0.9. Therefore, this study had a good empirical model.

The bootstrap technique with 5000 samples was used to observe the path coefficients,
t-statistics, p-value, and effect size in each relationship (Table 5). Figure 2 shows the final
model with a determination coefficient value (R?), path coefficients, and p values.

Table 5. Results of the initial hypothesis test.

Path

Relationships Coef(flisc)ients Sample Mean ]:S):!avrilzltaigi Stat?;tics Vaﬁ;es Effect Size > Result
H1: PE—UB —0.053 —0.052 0.053 1.007 0.314 0.003 Not Supported
H2: EE—UB 0.268 0.267 0.059 4.568 0.000 0.100 Supported
H3: SI-UB —0.004 —0.006 0.064 0.069 0.945 0.000 Not Supported
H4: FC—UB 0.586 0.587 0.053 11.097 0.000 0.506 Supported

~0.053(0.314)

0.268(0.000)

-0.004(0.945)

0.586(0.000)

Social Influence

Facilitating Conditions

Figure 2. Final model with R?, path coefficients, and p values.
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Performance expectancy (PE) insignificantly affected elementary school teachers” us-
age behavior (UB) of dynamic mathematics software (3 = —0.053, p =0.314 > 0.05, f> =0.003).
Meanwhile, effort expectancy (EE) significantly affected elementary school teachers’ usage
behavior of dynamic mathematics software (B = 0.268, p = 0.000 < 0.05, f> = 0.100). This
showed that elementary school teachers can teach mathematics when they felt the use of
dynamic mathematics software was easy and did not require a lot of effort. Social influence
(SI) insignificantly affected elementary school teachers’ usage behavior of dynamic mathe-
matics software (3 = —0.004, p=0.945>0.05, f2=0.000). This result showed the environment
and people’s opinions at school did not effectively make teachers use dynamic mathemat-
ics software. Finally, facilitating conditions (FC) greatly affected elementary school teach-
ers’ usage behavior of dynamic mathematics software (3 = 0.586, p = 0.000 < 0.05, 2= 0.506).
It can be concluded that facilitating conditions are the strongest influential factor for ele-
mentary school teachers’ usage behavior of dynamic mathematics software. This factor
was determined by the hardware and software facilities of the classroom, curriculum re-
sources related to dynamic mathematics software, and on-time professional support when
they had trouble in using dynamic mathematics software.

In this empirical model, the value of the determination coefficient (R?) was 0.563. This
means that the model explained more than 50% of factors influencing elementary school
teachers to use dynamic mathematics software. Meanwhile, the other 43.7% of factors
were affected by those factors outside of this model. Hair et al. [86] (p. 780) emphasized
that the value of the determination coefficient (R?) always needs to be interpreted in the
context of the study being conducted. As a guideline, R? values of 0.75, 0.50, and 0.25 can
be considered substantial, moderate, and weak, respectively. Therefore, the value of the
determination coefficient (R?) of this empirical model can be included in the moderate-level
category.

The effect size 2 values of 0.02, 0.15, and 0.35, respectively, represent small, medium,
and large effects of an independent variable [86] (p. 780). Facilitating conditions had a
large effect size of 0.506 and effort expectancy had a small effect size of 0.100 on elementary
school teachers’ usage behavior of dynamic mathematics software. However, performance
expectancy and social influence had no effect. The Q? value of the usage behavior was 0.461,
which was obtained by using the blindfolding procedure with the cross-validated redun-
dancy approach for an omission distance D = 8. According to Hair et al. [82], the Q? values
larger than zero are meaningful. The values higher than 0, 0.25, and 0.50, respectively, de-
pict small, medium, and large predictive accuracy of the PLS path model. Since the Q?
value of 0.461 was larger than 0.25 and smaller than 0.50, the model had a medium pre-
dictive power, or predictive relevance, when predicting the factors influencing elementary
school teachers’ usage behavior of dynamic mathematics software.

4.3. Multi-Group Analysis

Multi-group analysis is a process for examining separate groups of respondents to
determine if there are differences in the model parameters between the groups [93]. This
study explored whether there were moderating effects between two groups of gender, ma-
jor, and training. Partial least squares multi-group analysis (PLS-MGA) is included in the
nonparametric significance test in the SmartPLS 4. The results of the bootstrap multigroup
analysis showed that all relationships had a p-value greater than 0.05 (Tables 6-8), which
suggested that different gender or major of elementary school teachers did not have an in-
fluence on any relationship in the model. Furthermore, training on dynamic mathematics
software also failed to affect any relationship at the significant level of 0.05.
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Table 6. Results of moderating effect analysis of gender.

Relationships Path Coefficients (3) 2-Tailed flgzlnilalizsvs. Male) Result
H1: PE—UB 0.076 0.467 Not Supported
H2: EE—UB —0.022 0.882 Not Supported
H3: SI-UB -0.117 0.374 Not Supported
H4: FC—UB 0.022 0.911 Not Supported
Table 7. Results of moderating effect analysis of major.
p-Values
Relationships Path Coefficients (3) 2-Tailed (Math vs. Result
Non-Math)
H1: PE-UB 0.105 0.320 Not Supported
H2: EE—UB —0.203 0.099 Not Supported
H3: SI-UB —0.166 0.185 Not Supported
H4: FC—UB 0.129 0.235 Not Supported
Table 8. Results of moderating effect analysis of training.
p-Values
Relationships Path Coefficients (3) 2-Tailed (Training-Yes vs. Result
Training-No)
H1: PE-UB 0.255 0.054 Not Supported
H2: EE—UB —0.003 0.996 Not Supported
H3: SI-UB —0.274 0.061 Not Supported
H4: FC—UB 0.100 0.439 Not Supported

5. Discussion

Dynamic mathematics software is a type of computer software that facilitates users
being able to create and dynamically manipulate mathematical objects. It can support the
creation of meaningful learning environments that allows for problem solving and sup-
ports creativity. This kind of software can be regarded as an inseparable part of mathemat-
ics teaching and learning at the K-12 level. However, there are still very few teachers who
use this kind of software to teach mathematics at the elementary school level. Therefore,
this study analyzed the factors that affect elementary school teachers” usage behavior of
dynamic mathematics software.

The results showed that facilitating conditions and effort expectancy were the main
factors influencing elementary school teachers to use dynamic mathematics software, which
were different from other studies in the educational context [94,95]. Additionally, facilitat-
ing conditions were the determinant factor that greatly affected user behavior. The follow-
ing paragraphs will explain each hypothesis.

In this study, performance expectancy insignificantly affected elementary school teach-
ers’ usage behavior of dynamic mathematics software. This result is unique because other
studies showed that performance expectancy was usually the main or significant factor in
the use of technology [96,97]. Therefore, teachers were not concerned about whether dy-
namic mathematics software will help them when teaching at elementary school. They had
more confidence in their skills and could make any teaching and learning media effective
as well as fun for children.

Effort expectancy significantly affected elementary school teachers’ usage behavior
of dynamic mathematics software. Previous studies showed that desire and willingness to
use new technology were affected by effort expectancy [55].The majority of the teachers in
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this study lacked training in using dynamic mathematics software. Therefore, the ease of
use affected their usage behavior.

It is interesting that social influence insignificantly affected elementary school teach-
ers’ usage behavior of dynamic mathematics software. Other studies showed that social
influence significantly affected female teachers’ use of new technology [66].The majority
of the teachers in this study had rich teaching experience. They understood the learning
models and approaches that suit their classes, and they were not affected by others so eas-
ily.

Furthermore, facilitating conditions greatly affected elementary school teachers’ us-
age behavior of dynamic mathematics software. Teachers considered that they would be
happy to use the software to teach when there were adequate facilities at school. This
result is consistent with Wong's study [98], which discovered that facilitating conditions
were the dominating factor influencing Hong Kong elementary teachers’ behavioral inten-
tions to adopt educational technology. Facilitating conditions tended to increase the use
of new technology in schools.

At first, some demographic factors, such as gender, major and training, were sup-
posed to have moderating effects on the path relationships in the model. This was because
some studies showed that male teachers usually perform better than women teachers when
using educational technology [68,69]. Those teachers who graduated from a mathematics-
related major were predicted to be good at using dynamic mathematics software since they
may have had the opportunity to learn the course of mathematics education technologies.
Those teachers who experienced systematic training also should feel more useful and eas-
ier when using dynamic mathematics software. The multi-group analysis between the two
groups of gender, major, and training showed that they all failed to moderate the relation-
ships between the independent variables and dependent variable at the significant level of
0.05. However, major will moderate the path relationship between effort expectancy and
usage behavior ( = —0.203, p = 0.099), and training will moderate the path relationships
between performance expectancy and usage behavior (3 = 0.255, p = 0.054), and between
social influence and usage behavior (3 = —0.274, p = 0.061) at the significant level of 0.1.
The results are consistent with some similar studies. For example, the work of Aldekheel
et al. [63] showed that gender, age, and tablet PC experience had non-significant moderat-
ing effects on high school teachers’ information technology adoption. Koh et al. [99,100]
also found that teachers’ age and gender did not have any influence on their constructivist-
oriented technological pedagogical content knowledge. Even so, it was not meeting peo-
ple’s intuition. We estimated the results of multi-group analysis may have been influenced
by the fact that more than 70% of respondents did not experience systematic training on dy-
namic mathematics software, and more than 70% of respondents had more than five years
of teaching experience. This meant that some of them did not have an opportunity to learn
dynamic mathematics software, even though they graduated from a mathematics-related
major. Some of them may forget how to use this kind of software effectively because of the
lack of practices. This finding is consistent with the work of Koh et al. [100], which found
that primary school teachers and those with more teaching experience tended to be less
confident of their constructivist-oriented technological pedagogical content knowledge.

6. Implications
6.1. Theoretical Implications

Based on the united theory of acceptance and use of technology (UTAUT), this study
developed a conceptual model to determine the factors that positively affect elementary
school teachers’ usage behavior of dynamic mathematics software. This model had an ex-
planatory power of more than 50%, which provides a good theoretical framework. There
was no analysis of the adoption of dynamic mathematics software in Asian schools so far.
Therefore, this theoretical framework contributes to determining the factors affecting el-
ementary school teachers’ usage behavior of dynamic mathematics software. It may be
used for exploring the influencing factors of the adoption of other technology-based teach-
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ing and learning media at the K-12 level. It can also be a foundation for future study to
discover more factors that affect teachers to adopt dynamic mathematics software.

6.2. Practical Implications

This study showed that effort expectancy and facilitating conditions positively affect
elementary school teachers’ usage behavior of dynamic mathematics software, while fa-
cilitating conditions were the biggest influential factor. It may be concluded that the af-
fordance of dynamic mathematics software was not elementary school teachers’ priority.
Elementary school mathematics teachers may be reluctant to use dynamic mathematics
software with a lack of facilitating conditions. We suggest that schools should provide
hardware and software facilities for teachers using dynamic mathematics software in each
classroom. It is also important to provide rich curriculum resources related to dynamic
mathematics software [101]. Expert teachers in using dynamic mathematics software are
needed in every school. They should have abilities to provide technological, pedagogical,
and content knowledge support when the other teachers have trouble in using dynamic
mathematics software. Systematic and effective training on dynamic mathematics soft-
ware will improve the effort expectancy of elementary school mathematics teachers, which
will affect their usage behaviors eventually. Since 2013, the Chinese government launched
a project which aimed to improve the information technology application capabilities of
elementary and secondary teachers [102,103]. However, the assessment did not pay more
attention to school teachers’ abilities to use subject-specific educational technology [104],
such as dynamic mathematics software for school mathematics teachers. It is necessary
to add this requirement. Moreover, since elementary school mathematics teachers also
noticed the ease of using dynamic mathematics software, the developers can continue to
revise the software program, so that it can be easily used. Some usage tips and models for
dynamic mathematics software can also be given to teachers.

7. Conclusions

By using the PLS-SEM approach, this study analyzed factors affecting elementary
school teachers’ usage behavior of dynamic mathematics software based on a revised UTA-
UT model. It was found that facilitating conditions and effort expectancy significantly
and positively affected elementary school teachers” usage behavior of dynamic mathemat-
ics software, and facilitating conditions were the greatest influential factor. There are no
significant moderating effects of gender, major, and training on all relationships in the dy-
namic mathematics software usage conceptual model. This study contributed to enhancing
teachers’ ability for digital teaching by helping schools and the government to figure out
the important factors that need to be observed for the adoption of dynamic mathematics
software at the elementary school level. In order to improve elementary school teachers’
usage behavior of dynamic mathematics software, the government should provide suf-
ficient funds to make sure the schools have enough hardware and software facilities, the
schools should provide appropriate curriculum resources related to dynamic mathematics
software, and the teachers should try their best to learn how to use dynamic mathematics
software effectively in their classrooms.

8. Limitations and Future Research

This study had several limitations that need to be considered with caution. Firstly,
it only used a small and non-random sample. The regional, cultural, and urban charac-
teristics may also have had significant differences. This may constrain generalizability of
conclusions. Therefore, another examination is needed to confirm the results of this study.
Secondly, the model in this study can only explain up to 56.3%, indicating that some other
factors still affect elementary school teachers’ usage behavior of dynamic mathematics soft-
ware. Further studies need to use internal factors such as self-efficacy, TPACK, or digital
teaching competency. Finally, the qualitative methods, such as in-depth interview, should
be included. A further study may need to integrate quantitative and qualitative methods
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to explore the factors influencing secondary school teachers to adopt dynamic mathemat-
ics software.
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Appendix A

Table Al. Questionnaire items for investigating the factors influencing elementary school teachers’
usage behavior of dynamic mathematics software.

Constructs Code Chinese Version English Version References

Q1. Dynamic mathematics software helps elementary
PE1 QL. B A B T/ A B LT D Z TR R & school students to understand the relationships
between geometry figures.

Q2. Dynamic mathematics software helps to cultivate
PE2 Q2. BhaSsiA B T4 30 /N S A (B R R RS AR B ) elementary school students’ reasoning awareness
and conjecture ability.

Performance Q3. Dynamic mathematics software helps the
Expectancy PE3 Q3. FEHFRMA BTN 5 AR AR & formation and development of symbolic [20,79]
(PE) consciousness of elementary school students.
E——— N I Q4. Dynamic mathematics software helps elementary
PE4 Q4. BRI T/ LR VR school students to build modeling awareness.
= 22 - pT—— b Q5. Dynamic mathematics software helps elementary
PE5 Q5. ANEBCFHIT AT/ 2 HARHIBEPLYE school students experience the randomness of data.
Ry D kA T 3 A A (K 4 Q6. Dynamic mathematics software helps elementary
PE6 Q6. SR HAH B THITR NP LRI UL school students to cultivate data awareness.
EE1 Q7. RN EH AR B S EH I find dynamic mathematics software is easy to use.
ot 2 e I I find the illustration of dynamic mathematics
S 4 FFEIH 5 y
Effort EEE‘)ECMHCY EE2 Q8. THAF BN ASHL AR AR AT I RN 5 B A software is easy to understand. [44,45,79]
EE3 QO Fh AR 7237 405 ) Bl M5 e 5 AR T AR (S I can flexibly use dynamic mathematics software

according to my wishes.

NIy R, W x e St I believe the school leaders will encourage me to use
A2 TR B TR AL 24 [ I A FH B 2 B . . he right ti
SI1 Q10. HAREIG SR R B A BRI LA 1f Juﬁf?}ﬁ {ynamic matt tics software at the right time.

Social Influence k2 ] A T 2 2 T 7 b S I il L e I believe my fellow teachers will encourage me to use ,
& 12 QUL FHHA I & R BB SR LA M A e Bk g e e et e [44,45,48]

TSN 5 N b e e I believe students will be ha and encourage me to
22 e I = 5 A 2 e At Sl 22 B 1) ppy g
SI3. QU2. FAE AL SAURRA HRLER MMM IR A B A use dynamic mathematics software at the right time.

[T A7 st de 1 e e The school has complete facilities for me to use
FCl  QI3. KA BRI B R HFRR A IR O A Gymanme mahematies toftwate,
Facilitating I can easily get curriculum resources for using
i 15 e (16 L 7| A ] 5 o S 2 e 1 s ] L 753
Corzlc:igl)ons FC2 Q4. FAT A5 [F95 B8 FH Zh A B0 AT (A DA B dynamic mathematics software. [44,45,56,79]
When I have problems using dynamic mathematics
FC3  QI15. A FIZh A HFH AR v LA 2[R 25 50 51 (10 7 ) software, some colleagues or experts are ready to
help me.
UB1 Q1O. JR7E i — 500 s 0 o 2 6 {0 P 20 s M e In the last year, I often use dynamic mathematics

software to teach.

Usage Behavior

it UB2 Q0. Fonf [ Ol PR 2 Moo B0 A5 20 B R A 6 2 I'am very satisfied with the effectiveness of myself [44,45]

using dynamic mathematics software.

UB3 QU1 TR At 7 340 P B M e I often recommend S&I‘;r{:;rﬁ:?ematlcs software to
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