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Abstract—Technology became considerably more critical for 

mathematics teachers during the Covid-19 pandemic era. Apart 

from examining pre-service mathematics teachers' knowledge 

about technology integration, which failed to reflect the unique 

characteristics of mathematics and underrated teachers' 

perception toward using technology in mathematics classrooms, 

this study aims to examine pre-service mathematics teachers' 

technology integrated competency through an enhancement 

program. Data were gathered from 25 pre-service mathematics 

teachers at Lampang Rajabhat University through journals, 

artifacts, and focus group interviews. Quantitative and 

qualitative analysis was by the research analytic framework's 

categories to define changes in participants' technology 

integrated competency. The primary finding was that 

participants gained a better knowledge of technology integrated 

lesson design during a four-month period. Most participants 

moved their emphasis away from technology as a teaching aid 

and toward providing students with mathematical learning 

instruments. Additionally, they emphasized the significance of 

their courage. They did not overlook the necessity of adequate 

mathematical knowledge for teaching when it came to 

improving mathematics teachers' roles in creating a successful 

technology integrated mathematics lesson. It was discovered in 

this study that the cooperative initiation and open lesson 

observation of pre-service mathematics teachers had a direct 

effect on their lesson preparation. 

 
Index Terms—Teacher knowledge, pre-service mathematics 

teacher, technology integration, online lesson. 

 

I. INTRODUCTION 

Over the years, technology in education has significantly 

impacted the teaching and learning environment [1], [2]. The 

rapid development of new technology-based tools has 

resulted in broad acceptance and usage in discourses around 

teaching and learning [3], [4]. Thailand is also one of many 

countries that confront the situation of that rapid 

development. In 2017, the Office of the Education Council 

published a new set of strands and learning standards for 

mathematics that required Thai students to have 21st-century 

competencies such as problem-solving and communicating 

what they are doing mathematically using dynamic geometry 

programs [5], which are computer programs allowing to 

create and then manipulate geometric constructions. Thai 

students were now more than ever having to understand 
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mathematics concepts and explain their reasoning using 

dynamic geometry programs, which has never been 

manifested in any previous national core curriculum [6]. 

Moreover, unanticipatedly, various aspects of people's 

lives have changed since the Covid-19 pandemic. 

Undoubtedly, the changes have not been limited to a 

particular field, being a cumulative change in our lives, such 

as economy, culture, society, and the unexceptionable field 

as education [7]–[10]. Since the emergence of the Covid-19 

pandemic crisis, the school site, teachers, and students are all 

experiencing more changes than ever. In particular, the full 

implementation of online mathematics classrooms demands a 

total change in Thai mathematics education in the form, 

content, and classroom practice [11], [12]. With the rapid 

inflow and spread of Covid-19 in Thailand, in February 2020, 

when the warning of the infectious disease crisis entered a 

severe stage, the Ministry of Education urgently announced a 

school semester postponement. The first online schooling 

was announced nationwide sequentially according to school 

level and grade in July. In Thailand, online distance 

mathematics education was fully implemented for all 

elementary, middle, high school, and higher-education 

students [13]. As many authorities predict, it would be 

difficult to go back to previous normality even if the situation 

were getting better. In other words, with Covid-19 as the 

starting point, the paradigm has reached a significant 

implication for the mathematics education field [14], [15]. 

The implication was that the online classroom phenomenon 

had not been a temporary phenomenon. It has become a new 

path for our mathematics education in the future in the 

so-called "new normal" era [14]. In the era of online 

mathematics education, we have reached the point where we 

need to achieve a new educational innovation, ultimately 

related to technology, with a completely new paradigm. So, 

for mathematics teachers worldwide, this situation has also 

challenged Thai mathematics teachers' knowledge for 

teaching mathematics through technology [12], [16]. 

This study focused on pre-service mathematics teachers, 

who must face the post-Covid-19 era as mathematics teachers, 

because they have been recognized as one of the most crucial 

components, that would be in charge of blending online and 

offline teaching to maximize students’ learning. Previous 

studies on teaching mathematics through technology in 

Thailand neglected to critique several critical issues 

addressed in this study. Firstly, they have repeatedly 

condemned knowledge for teaching through technology in 

general, even though each subject has unique teaching and 

learning management features [17], [18]. Remarkably, they 

failed to capture knowledge for teaching mathematics 
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through technology in the technology integrated mathematics 

classroom environments. Another issue is that the previous 

studies have examined teachers' knowledge for teaching 

mathematics through technology without focusing on 

confidence and ability in using technology to teach, 

involving teachers' perspectives on technology [19]. 

Focusing on knowing how to teach mathematics through 

technology, we might underestimate the importance of 

teachers' perception of technology integration to design a 

mathematics lesson [19]–[21]. 

In addition, the vast majority of instructional media in 

terms of classroom materials serve only as a teacher's 

assistant for presenting or illustrative purposes. In other 

words, technology has been used as a technical tool [19]. It 

was the goal of this study to emphasize an adaptation of 

technology from a technical tool for assisting teachers' 

teaching to an instrument of a particular mathematics task for 

improving students' learning. Moreover, for successful 

technology integration in online mathematics classrooms, it 

includes the ability to design an instrument that allows 

students to simply interact and share ideas and opinions with 

other students and their teacher [22], [23]. 
Therefore, the technology integrated competency of 

pre-service mathematics teachers was defined in this study as 

the competency to design mathematics lessons that enable 

students to work on challenging mathematics problems 

through technology [19]–[23]. It included their perception 

that acknowledges the role of technology in teaching 

mathematics and being confident to use technology in 

designing meaningful technology integrated mathematics 

lessons. 

This study aims to examine the technology integrated 

competency of pre-service mathematics teachers through an 

enhancement program, especially to what extent do 

pre-service mathematics teachers i) design mathematics 

lessons that enable students to work on challenging 

mathematics problems through technology, and ii) change 

their confidence to design meaningful technology integrated 

mathematics lessons?  

 

II. MATHEMATICS TEACHERS’ KNOWLEDGE RELATED TO 

TECHNOLOGY 

Researchers in education have emphasized the 

significance of technology utilization in teaching and 

learning, particularly when it comes to facilitating inquiry, 

participation, and practice reform. Technological 

Pedagogical Content Knowledge (TPACK) was proposed 

with the knowledge that it entailed comprehending and 

communicating the representation of concepts using 

technology. It also included pedagogical techniques that 

effectively use technology to teach subject content in a 

differentiated manner according to the learning needs of 

individuals. Moreover, TPACK was seen as the knowledge 

of how technology can facilitate solving a conceptual 

problem that might be complicated [24], [25]. However, the 

development of TPACK might underestimate the primacy of 

aspects that directly and indirectly impact mathematics 

teachers' competence to effectively integrate technology in 

mathematics classrooms, such as teachers' perception of 

technology integration in mathematics classrooms. 

Thomas and Hong [19] proposed an evolving paradigm for 

Pedagogical Technology Knowledge (PTK) that considered 

the variables that influence teacher technology integration. 

Particularly, PTK was developed as a critical knowledge of 

mathematics teacher accomplishment in implementing 

technology and applying it to mathematics subjects, 

including the concepts, norms, and methods necessary to 

teach mathematics using technology [19]. 

Furthermore, the essential element of technology 

integrated competency was the perception of pre-service 

mathematics teachers' perception of technology in lesson 

design [22]. It encompassed teachers' confidence in using 

technology and their favorable attitude toward its usage as a 

means of influencing goal setting and decision making [21]. 

Moreover, technology integrated competency emphasized 

the epistemic worth of methods rather than their pragmatic 

use of technology in mathematics classrooms and other 

settings that included classroom discourse and activities for a 

didactical classroom scenario [19], [22], [26]. 

 

III. METHODOLOGY 

This study employed a mixed method to comprehend to 

what extent pre-service mathematics teachers develop 

technology integrated competency through the designed 

program implementation. With respect to the 

phenomenological design by Creswell and Poth [27], this 

methodology is the most applicable method to examine 

technology integrated competency of pre-service 

mathematics teachers through a designed enhancement 

program as a common phenomenon. 
 

 
Fig. 1. Research design. 

 

Fig. 1 depicts the research design of this study. After 

reviewing the literature, research instruments and the 

enhancement program were developed. The validation was 

completed by experts. Twenty-five pre-service mathematics 

teachers (4 males and 21 females) were purposively selected 

from Lampang Rajabhat University's mathematics education 

program who were enrolled in a course on Digital 

Technologies for Mathematical Learning Management to 

participate in the enhancement program. These pre-service 

mathematics teachers built on their prior course's theoretical 

mathematics education theory by attending introductory 

lectures on different topics that may be applied to the practice 

of developing the school mathematics lesson plan. The 

enhancement program provided pre-service mathematics 

teacher participants with the development of technology 
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integrated competency. The program imparted theme-related 

knowledge to the participants, supported their knowledge 

development via different sessions, and offered individual 

guidance as needed. Additionally, the program allowed for 

customized training regimens and offered a variety of related 

theoretical models. The participants were engaged in lesson 

planning and implementation in school practicum, as well as 

sharing experiences and resources during sessions. Finally, 

each participant prepared a one-hour mathematics lesson, 

which they then taught and were observed by other 

participants. Additionally, all participants discussed the 

learning process and outcomes in the focus group interviews 

during the sessions. 

A. Data Collection 

Multiple data collection methods were used in this case 

study, including journals, artifacts such as lesson plans and 

classroom materials designed by the participants, and focus 

group interviews to accurately represent the participants' 

technology integrated competency. 

1) Journals 

The participants filled at least four journals at various 

times to document their learning and reflections. The journals 

were semi-structured and focused on confidence and 

perspective on integrating technology in mathematics 

classrooms and reflection on the effect of the enhancement 

program they encountered. In their first and final learning 

journals, the participants expressed their knowledge about 

designing technology integrated mathematics lessons. In 

other journals, the participants also expressed their views on 

the impact of the enhancement program, dialogue among 

participants during the observation, and individual guidance 

on their ability to acquire knowledge about developing 

technology instruments for student learning. 

2) Artifacts 

Participants shared their designed classroom artifacts 

during the program from the beginning, including lesson 

plans and classroom materials (digital/electronic worksheets, 

assessment tasks) between sessions. After completing the 

program, participants were required to submit at least one 

lesson plan and one classroom material that they believed 

reflected their technology integrated teaching in the designed 

lesson. Technology integrated competency rubric measured 

three components of technology integrated mathematics 

lesson design for the quantitative part: curriculum design, 

teaching and learning activity design, and assessment task 

design. Each variable was scored from 0 to 5, corresponding 

with the technology integrated competency levels. 

3) Focus group interviews 

During focus group interviews, participants were 

prompted to elaborate on the initiation of the technology 

integrated lesson plan and classroom material development. 

The focus group interviews were performed using a 

structured interview format with open-ended interview 

questions to elicit information about the participants' 

technology integrated competency in sessions of the program. 

The interview questions were validated using the Item 

Objective Congruence (IOC) index by three experts who 

were not involved in this study. The experts included a 

mathematics professor who had experience as a mathematics 

teacher in a school for six years, a doctor in mathematics 

education, and an educational technology professor. 

Questions on pre-service mathematics teachers' technology 

integration in developing technology-integrated curriculum, 

teaching practices, learning activities, and assessment tasks 

were included. 

B. Data Analysis 

Data from the collection were combined with a review of 

literature reflecting the approaches of technology integrated 

curriculum, teaching, learning, and assessment to investigate 

pre-service mathematics teachers' technology integrated 

competency developed through the enhancement program.  

For quantitative analysis, to examine the amount of growth 

in technology integrated competency from the first and final 

sets of the collection of data, two tailed paired t-tests were 

conducted. Values of p < 0.05 were accepted as statistically 

significant. As each participant provided their own data, 

independence was presumed. There were no variables with 

values higher than 3.00 of standard deviations from the mean, 

hence the premise that there were no extreme outliers was 

true. For qualitative analysis, the units of analysis and 

defined terms were validated by experts and only items 

having an IOC of 1 were considered. Data were then 

analyzed according to the following research analytic 

framework developed with the description in Table I. 
 

TABLE I: DESCRIPTION OF THE RESEARCH ANALYTIC FRAMEWORK TO 

EXAMINE TECHNOLOGY INTEGRATED COMPETENCY 

Technology integrated mathematics curriculum 

Mathematics curriculum with the instrumental genesis developed for 

use in the lesson plan aligns with the curriculum goals. 

Mathematics curriculum with the technology selection that was 

compatible with the content, given alinement with the curriculum 

goals. 

Mathematics curriculum with the lesson plan that provided meaningful 

and engaging opportunities for mathematical explanation aligned with 

the curriculum goals. 

Technology integrated mathematics teaching practices and 

learning activities 

Teaching practice and learning activity with the instrumental genesis 

that was used to support the developed teaching practice and learning 

activity. 

Teaching practice and learning activity with technology use that 

supports the developed teaching practice and learning activity. 

Teaching practice and learning activity that was applied to introduce 

the desired mathematics topic. 

Technology integrated mathematics assessment tasks 

Assessment tasks that were developed with the use of instrumental 

genesis to assess students' mathematics regardless of technology 

readiness levels. 

Assessment tasks that were developed by teachers' confidence in using 

software with a variety to all technology readiness levels. 

Assessment tasks that were expanded for challenging and fair for all 

technological readiness levels of students. 

 

Table I states the research analytic framework with the 

description to reflect pre-service mathematics teachers' 

technology integrated competency that we want to 

investigate from our data. The focus group interview data 

transcription included identifying individual participants' 

statements, which were then used as the foundation for the 

analysis, together with all notes from the journals and 
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artifacts. For cases that demonstrated technology integrated 

competency in the categories, the transcription and notes of 

the data sources were analyzed using content analysis to 

identify technology integrated competency, as presented in 

some examples in Table II.  
 

TABLE II: EXCERPT FROM PROTOCOL ACCORDING TO THE RESEARCH 

ANALYTIC FRAMEWORK AFTER THE FINAL SESSION 

Items Codes 

Number 

of 

instances 

Curriculum 

Instruments found use (in 

the lesson plan). (PMT 

14-A15-01) 

Instru 48 

Curriculum 

Select technology 

according to his/her 

preferences being 

applicable to the lesson. 

(PMT 8-A15-03) 

PT 25 

Curriculum 
Variety of problems for 

arousing interest. (PMT 

18-A15-02)  

Variety 

P/T 

14 

Teaching and 

learning activities 

Students can interact with 

the technology used in 

learning activities. (PMT 

18-A15-04) 

SI 20 

Teaching and 

learning activities 

I have discovered that I can 

play an operative role in 

supporting students' 

learning in 

technology-integrated 

mathematics lessons when I 

believe in the benefits of 

technology and am 

successful in eliciting 

students' interest and 

motivation and engaging 

them in active thinking. 

(PMT 20-S15-03) 

TA 29 

Teaching and 

learning activities 

I studied more about Pi and 

its motive to introduce the 

topic of a circle area. (PMT 

06-J04-06) 

AMK 27 

Assessment tasks 
Assessment tasks using the 

instrumental. (PMT 

14-A15-04) 

SI 20 

Assessment tasks 

Select technology 

according to his/her 

preferences being 

applicable to the designed 

assessment task. (PMT 

16-A15-03) 

PT 25 

Assessment tasks 
Design various assessment 

tasks with technology. 

VMK 14 

 

Three coders independently coded the data following 

numerous sessions to ensure that all researchers thoroughly 

understood the research analytic framework. Subsequently, 

Krippendorff’s alpha was employed to evaluate inter-rater 

reliability. It ranges from 0.805 to 0.917 across categories, 

indicating a high degree of agreement. Once the data had 

been analyzed, they were organized based on the research 

analytic framework with all consensuses. 

C. Validation of Interview Questions 

The Item Objective Congruence (IOC) was used to 

validate the interview questions and determine whether an 

item measured technology integrated competency as the 

expected attribute of this study based on the scores ranging 

from -1 to +1, where +1, 0, and -1 refer to congruence, 

questionable, and incongruence, respectively. Particularly, 

the validity scores were determined by three experts as: 

 The score is +1 if an item really measured the attribute. 

 The score is 0 if an item questionably measured the 

attribute or the experts were not sure whether an item did 

or did not measure the attribute. 

 The score is - 1 if an item did not measure the attribute. 

Each selected question for focus group interviews in this 

study was qualified with an IOC, which exceeded the 

minimum requirement of 0.50, varying from 0.67 to 1. 

D. Technology Integrated Competency Enhancement 

Program 

Pre-service mathematics teachers have reinforced their 

technology integrated competency to finally went through 

technology integrated mathematics lesson design by 

themselves. The main items in the lesson plan design were 

divided into three stages of integration and presented as 

shown in Fig. 2. 
 

 
Fig. 2. Technology integrated mathematics lesson plan development. 

 

From Fig. 2, the technology integration to 1) lesson 

objectives, 2) lesson content development and 3) assessment 

and management plan for learning outcomes are presented. 

However, in general, the procedure for lesson development is 

inevitably varied. For example, depending on the lesson 

objectives being developed, the content, teaching, and 

learning activity may differ. Therefore, technology integrated 

mathematics lessons in Fig. 2 are intended to be presented as 

an example and can be restructured in various ways in actual 

classrooms. 

 

IV. RESULTS 

The changes in their competency to design and teach 

technology integrated mathematics lessons were identified to 

determine to what extent the pre-service mathematics 

teachers developed their technology integrated competency 

in the enhancement program implementation. 

A. Item Objective Congruence (IOC) 

The IOC obtained scores from 0 to 1 on each item of each 

expert. The results of the IOC for the focus group interview 

questions are presented in Table III.  
 

TABLE III: IOC RESULT 

IOC 
+1 

Congruence 

0 

Questionable 

-1 

Incongruence 
Mean S.D. 

9  3 25 2 0 0.93 0.27 

% 92.59 7.41 0   
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After adjusting for factors that had a significant effect on 

the results, the questions for focus group interviews had an 

overall consistency value of 92.59% as validity, whereas a 

mean of 0.93 was calculated for the average score of 25 from 

27 and the standard deviation of 0.27, which was not greater 

than 1.00. A verified research tool was found to be sufficient 

and ready for implementation in the study. 

B. Comparisons between the First and Final Lesson 

Designs 

Technology integrated competency scores were measured. 

Table IV provides the descriptive statistics for each variable.  
 

TABLE IV: DESCRIPTIVE STATISTICS FOR TECHNOLOGY INTEGRATED 

COMPETENCY 

Variable  Min Mean S.D. Max 

Curriculum design 
Pre 0 0.96 0.61 2 

Post 3 3.96 0.74 5 

Teaching and 

learning activity 

design 

Pre 0 1.36 0.57 2 

Post 3 4.12 0.53 5 

Assessment task 

design 

Pre 0 1.08 0.64 2 

Post 4 4.28 0.46 5 

Overall 
Pre 0 1.12 0.44 2 

Post 3 4.04 0.46 5 

 

The descriptive statistics in Table IV show that technology 

integrated mathematics lesson design by the participants 

scored between 1 and 5 on a five-point scale for the total 

mean. For the curriculum design, lessons scored between 0 

and 4. The participants' lessons also scored between 1 and 5 

for variables of teaching and learning activity design, and 

assessment task design. 

Technology integrated competency scores from the first 

and final sets were compared using paired sample t-test. The 

analysis showed significant growth in participants' 

competency during the enhancement program as in Table V.  
 

TABLE V: PAIRED SAMPLE T-TEST FOR TECHNOLOGY INTEGRATED 

COMPETENCY IN FIRST AND FINAL LESSONS 

Variable 

Mean 

Difference 

(Post-Pre) 

S.D. 
t 

(df=24) 

p 

(2-Tailed) 

Curriculum design 3.00 1.04 14.41 0.01 

Teaching and 

learning activity 

design 

2.76 0.52 26.40 0.01 

Assessment task 

design 
3.20 0.65 24.79 0.01 

Overall 2.92 0.40 36.50 0.01 

 

In summary, growth in technology integrated competency 

was significant at the 0.05 level. 

C. Changes in Participants' Technology Integrated 

Competency 

Participants completed their journals and contributed 

artifacts during the program's sessions. Three distinct 

changes in how to design and teach technology integrated 

mathematics lessons were examined together with the 

transcription from the focus group interviews. 

Firstly, from the first journal and focus group interview 

after the end of the first session, 15 out of 25 participants 

indicated that student learning instrument design was 

ascertained in classrooms as practical usage of technology. 

Instruments were perceived as an instructional tool that 

teachers independently used while providing direct teaching 

as an example of the tool that PMT 9 developed, as present in 

Fig. 3.  
 

 
Fig. 3. An example displaying the attendance of the school library from 

Monday to Friday, ranging from left to right. 

 

Fig. 3 illustrates a technological tool that a participant 

created in the first session of the enhancement program as the 

instrument for teaching and learning in a technology 

integrated mathematics lesson. It inferred using technology 

only as an instructional tool for presenting the topic by using 

GeoGebra to display a bar graph of the number of students 

entering a school library each day, varying from Monday to 

Friday. 

Moreover, the focus group response of PMT 17 stated in 

the first focus group interview, 

Using technology to improve learning mathematics should 

start with teachers' demonstration, and teachers should 

provide some technology to help them study,… (PMT 

17-S01-002) 

Thirteen out of those 15 participants also mentioned that 

technology should be promoted through the assignment. The 

assignments engaged students in studying a topic by 

themselves, such as visualizing a function related to the topic 

in the lesson since they need to avoid the difference in 

technological readiness among students. This viewpoint 

further showed a minimization of the role of teachers in 

integrating technology in mathematics classrooms. However, 

all 25 participants stated in their final learning journals and 

the final focus group interview that their understanding of 

instrument design for student learning support had evolved 

throughout the program. All participants agreed that 

instrument design for student learning support should be 

included in a teaching preparation process in which teachers 

maximize their role by offering varying degrees of support in 

learning a mathematics concept. The extent to which teachers 

integrated technology was determined by several factors, 

including the characteristics of a topic, teachers' readiness for 

technology, and time constraints; thus, it was critical for 

teachers to integrate technology in a manner compatible with 

the differences in factors. One participant explained the 

following. 

Different teachers have varying instrument design abilities. 

The program should provide activities to improve the 

abilities of instrumentation that are tailored to different 
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mathematics topics. (PMT 9-S15-08) 

The change in participants' understanding of technology 

instrument design was also illustrated from the data, for 

example, in Fig. 4.  
 

 
Fig. 4. An example of an interactive worksheet questioning about pattern 

variations from given unit cubic. 

 

Fig. 4 illustrates an instrument created for a technology 

integrated mathematics lesson that students may use to solve 

problems on the given worksheet and refine their 

understanding of volume at their own pace. Additionally, the 

assessment task was constructed in such a way that the 

teacher may evaluate students using the instrument. 

Fig. 4 demonstrated the instrument designed by PMT 14 

that students could interact with instrument and find the 

solution in a worksheet by themselves through that 

instrument. The screen demonstrates the question, "Construct 

an object of another shape with the volume of 5 cubic units 

from given unit cubes. How many different patterns can you 

construct?". Students could interact with this worksheet and 

trial different patterns at their own pace to find the solution. 

Following the program's conclusion, most of them 

clarified that instruments were not synonymous with 

technological tools; for instance, teachers did not control all 

teaching and learning activities, sought testimony from 

multiple sources, and found the solution to mathematics tasks. 

On the contrary, mathematics teachers must provide teaching 

and learning activities and assessment tasks that assist 

students in directing their learning process when confronted 

with a specific mathematical problem. All participants further 

indicated that the designed task requires students to engage 

with the specified instrument and respond appropriately to 

complete the task. Additionally, participants recognized the 

need to provide prompt feedback to support students in 

clarifying the concept of topics. 

Secondly, at the beginning of the program, four out of 25 

participants characterized the process of designing 

technology integrated mathematics lessons unsophisticatedly 

following this study's technology integrated mathematics 

lesson plan development. Additionally, only one participant 

included teachers' perceptions of technological requirements 

in the planning step. Nevertheless, in the final session, 25 

participants expressed awareness of the teachers' perceptions 

of design technology integrated mathematics lessons to 

support students' exploration and study of a topic. It was also 

found that the increased inventory of strategies employed in 

this program supported participants' confidence in 

developing differentiated scaffoldings to meet several 

mentioned factors. For example, 

I have discovered that I can play an operative role in 

supporting students' learning in technology-integrated 

mathematics lessons when I believe in the benefits of 

technology and am successful in eliciting students' interest 

and motivation and engaging them in active thinking. 

Mathematics teachers then assist students in doing an 

in-depth investigation on the chosen subject by giving 

relevant instruments or recommending sources that aid in the 

investigation of the issue. (PMT 20-S15-03) 

At the end of the program, all pre-service mathematics 

teachers reflected their confidence in technology selection 

that is compatible with the content, given alinement with the 

curriculum goals while having teaching practice and learning 

activity with technology use supporting the designed 

technology integrated mathematics lesson. Moreover, 

assessment tasks were designed according to their confidence 

in using software with a variety of all technology readiness 

levels. 

Thirdly, in the beginning, only two participants 

concentrated on mathematical knowledge for teaching in the 

technology integrated mathematics lessons. These two 

participants demonstrated how to engage students in 

technology integrated mathematics learning and assessment 

tasks using essential mathematical knowledge for teaching, 

for example, 

A technology integrated mathematics lesson is concerned 

with the design of teaching and learning activities based on 

teachers' content (mathematics) knowledge that makes use of 

compatible advanced technologies. We may decide to include 

some specific content into existing classroom teaching to 

improve students' learning. (PMT 10-S01-03) 

At the end of the program, it was found that, apart from the 

ability to design instruments for supporting student learning 

and confidence in using technology, all participants agreed 

that integrating technology in mathematics lessons should 

incorporate mathematical knowledge to create teaching and 

learning activities as well as assessment tasks. They indicated 

that mathematics teachers could design assessment tasks to 

pique students' interest in learning a topic. In contrast, 

teachers should take mathematical knowledge to develop 

teaching practice and learning activity that engages students 

in independent mathematics learning during the classroom 

learning section. 

Additionally, all pre-service mathematics teachers 

reported that they had learned several novel techniques for 

developing an effective technology integrated mathematics 

lesson, including how to select challenging learning activities, 

provide appropriate choices for students, and create a 

constructive classroom environment. Furthermore, 14 

participants stated that teaching a technology integrated 

mathematics lesson was not a set of fixed methods but rather 

a usage of a variety of teaching practices to sustain students' 

interest. As reported by one participant, 

I am beginning to grasp how to use a variety of techniques 

in a flexible manner, taking into consideration students' 

varied backgrounds and learning characteristics. Teachers 

may utilize a variety of methods to introduce a topic and 

engage students, and they can change the difficulty levels of 

worksheets to fit the technological readiness level of their 

students. Thus, mathematical knowledge really plays an 
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important role. (PMT 14-S14-03) 

Rather than learning alternative strategies, 18 participants 

stated that they had previously used specific strategies that 

reflected the characteristics of teaching technology integrated 

mathematics lessons. After completing this program, these 

participants were able to describe the various methods and 

contexts in which they utilized those strategies to increase 

students' mathematics learning interests. These participants' 

previously tacit knowledge regarding teaching a technology 

integrated mathematics lesson was made apparent. The 

following is a note for the journals of one pre-service 

mathematics teacher. 

Until I participated in the program, teaching 

technology-integrated mathematics lessons was a 

contemporary teaching practice that I had learned; however, 

after participating in the program, I have realized that some 

of the teaching practices I implemented previously were like 

those that are used to improve students' mathematics 

learning in technology-integrated mathematics lessons. If I 

want to teach technology integrated mathematics lessons 

effectively, I should have the adequate mathematical 

knowledge to plan and monitor students' learning. (PMT 

22-J04-06) 

Moreover, at the end of the program, it was found that 

most participants were able to design technology integrated 

mathematics lessons based on their mathematics knowledge 

for teaching that provided meaningful and engaging 

opportunities for mathematics explanation and assessment 

tasks that were expanded for challenging and fair for all 

technological readiness levels of students. Furthermore, they 

did not perceive technical obstacles as a learning capacity of 

their students. 

The participants further stated that they would be less 

confident in their ability to maintain a technology integrated 

mathematics classroom if they did not get sufficient 

mathematical knowledge provided by the mathematics 

education program. Additionally, they indicated that 

insufficient mathematical knowledge was another significant 

impediment to mathematics teachers' willingness to design a 

technology integrated mathematics lesson. One pre-service 

mathematics teacher responded in the focus group interview 

with the following. 

It may be difficult for me at times. Some tasks in learning 

activities are also assessment tasks; therefore, teachers need 

sufficient mathematical knowledge to design them properly. 

If we develop instruments in the classroom, we need time to 

prepare and set up the instruments. (PMT 18-S13-10) 

It reflected that maintaining students' interest in 

technology integrated mathematics lessons would require 

sufficient mathematics knowledge for teaching. 

D. Emerging Elements of Enhancement during the 

Program 

The data showed that the enhancement program fostered 

the pre-service mathematics teachers to obtain technology 

integrated competency from the other two elements while 

attending the program. Firstly, throughout the program, 

cooperative initiation was shown via the development of a 

lesson plan topic for a technology integrated mathematics 

lesson. The data revealed that pre-service mathematics 

teachers lacked a clear vision for what technology integrated 

lessons should look like at the beginning of the program, thus 

learning new ideas demonstrating how to advocate students' 

mathematics learning in a technology integrated mathematics 

lesson through a cooperative initiation with other participants. 

The second session examined the self-settings of participants 

from three different schools where they completed a school 

practicum and explored which topics would be appropriate to 

teach utilizing technology. According to one participant, it 

was mentioned how cooperative initiation was positively 

influent to reinforce her technology integrated competency as 

the following. 

At the start of the program, I had quite different views 

about technology integrated mathematics lessons and only 

had a hazy understanding of what teaching a technology 

integrated mathematics lesson included. After being 

provided with some concrete examples and tools, I was able 

to get a better understanding of what a technology integrated 

mathematics lesson could look like and devote more time to 

the discussion about which topics would be most suitable to 

teach using technology with friends. (PMT 12-S15-11) 

The cooperative initiation was seen in instances when 

participants shared ideas on lessons after concluding the 

discussion and during different sessions. When preparing for 

the lesson, other participants were also engaged in the 

conversation regarding technology integrated lesson design 

and teaching. 

Another emerging element of technology integrated 

competency enhancement during the program was a strategy 

of open lesson observation. This strategy was suggested as a 

way to facilitate idea exchange regarding the variety of 

technology-integrated mathematics lesson design that was 

conducted in the open, with flexible changes. The 

participants reviewed open lesson planning and teaching with 

technology integration and were allowed to participate in an 

open lesson observation to create a technology integrated 

mathematics lesson at the discussions after the observation. 

They highlighted positive aspects and areas for improvement. 

This exchange of ideas aided them in accumulating 

information about successful technology integrated 

mathematics lessons and reinforced the notion that all 

pre-service mathematics teachers contributed to the 

knowledge generation process. Several pre-service 

mathematics teachers replied that this genuine exchange of 

ideas provided them with invaluable experience. For 

example, 

We discussed the positive aspects of each open lesson in 

the meetings that followed the conclusion of each session and 

the situations or parts that needed to be improved. Through 

this exchange of ideas, we were able to amass knowledge on 

successful technology integrated mathematics lessons and 

reinforce the perception that we all contributed to the 

creation of this knowledge. (PMT 25-S12-10) 

Then, at the end of the program, each participant taught 

and was observed by other participants. Most participants 

identified lesson observation as the most useful experience, 

citing it as a source of shared knowledge. This experience 

expanded their perspectives on how technology-integrated 

mathematics lessons could be implemented in various school 

contexts. One participant explained, 
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Observing the others, on the other hand, significantly 

shifted my perspective. I started to get the concept of how a 

teacher might engage students in technology integrated 

mathematics lessons. Aside from a good lesson plan, I 

discovered that other settings also determined the degree to 

which a technology integrated mathematics lesson 

atmosphere could be established. During the open lesson 

observation, I was astounded to see how essential those 

elements were, and I immediately realized what a successful 

technology integrated mathematics lesson should be. (PMT 

21-S15-12) 

This perspective highlighted the beneficial implications of 

open lesson observation on the pre-service mathematics 

teachers' technology integrated competency enhancement. 

 

V. DISCUSSION 

While it was found that most participants improved their 

knowledge of technology integrated mathematics lesson 

design throughout the program, we would not overstate the 

direct benefits of the enhancement program. As the 

participants mentioned, despite having acquired strategies for 

designing a technology integrated mathematics lesson, they 

felt unprepared to apply the lesson design techniques learned 

from this program to a diverse topic if confronted with 

different characteristics of students. This concern was 

consistent with studies indicating that the characteristics of 

students and instructional settings also influence teachers' 

readiness to use technology integrated mathematics lessons 

[28]. Moreover, Song [29] discussed that mathematics 

teachers decide which technologies to use in their classrooms 

based on their familiarity, as well as their perspectives on 

how mathematics should be taught. This result emphasizes 

the requirement of offering mathematics education in higher 

education that enables prospective mathematics teachers to 

comprehend the diversity of technology integrated 

mathematics lesson design knowledge [30]–[32]. Familiarity 

with several technologies may support pre-service 

mathematics teachers' selection of the most appropriate 

technology for each mathematics concept since, according to 

Rehmat and Bailey [22], the selection and application of 

technology within a lesson or unit could facilitate or enhance 

student understanding of the concepts. 

The preference of participants for technology integrated 

mathematics lessons may be explained from two perspectives. 

Firstly, the program's suggested technology, such as 

GeoGebra, was simple to adapt to a mathematical topic. This 

finding is similar to the results from [19], [33]–[35], which 

indicated that providing teachers with useable technology, as 

well as guidance on the processes and tangible examples, 

aided in their acquisition of technology integrated 

mathematics lesson design. Secondly, following the 2008 

core curriculum reform [5], pre-service mathematics teachers 

in Thailand have been trained on how to utilize dynamic 

software in mathematics classrooms. As a result, the 

pre-service mathematics teachers found it very 

straightforward to incorporate the technology integrated 

lesson into their current repertoire of successful teaching. 

However, in terms of the characteristics of Thai 

pre-service mathematics teachers, their preference for 

technology integrated mathematics lessons is consistent with 

a study on samples of Thai teachers who preferred using 

direct teaching for facilitating students' learning by teachers' 

demonstration [36]. This preference reflected Thai 

mathematics teachers' proclivity for maintaining control over 

their classrooms [36], [37]. Prospective mathematics teacher 

education programs may examine the potential of integrating 

implicit and explicit mathematics teaching practices into a 

technology integrated mathematics lesson, and future 

research may also examine the advantages and drawbacks of 

such integration [32]. 

Moreover, multiple studies have been conducted to 

determine the effect of cooperation on the knowledge 

development of pre-service mathematics teachers [18], [38], 

[39]. This study's results reaffirm the critical nature of 

teachers' cooperation according to the benefit of the 

cooperative initiation found in this study. As stated in the 

research result by Agyei [40], the drive to encourage and 

assist teachers in effectively integrating technology into their 

teaching included imparting acquired knowledge to other 

teachers and sharing what they learned with other teachers. 

This study contributes to the literature by providing specific 

methods for establishing successful technology integrated 

competency enhancement programs that emphasize 

cooperation, such as Community of Practice (CoP), while 

also fostering an environment conducive to the legitimate 

exchange of pre-service mathematics teachers' ideas [39]. 

Furthermore, open lesson based on variation theory was 

shown to be an effective approach for pre-service 

mathematics teachers to learn about technology integrated 

mathematics lesson design. Zhou [41] stated that in the open 

lesson, teaching is unrestrictedly conducted, with flexible 

content changes serving as an effective form of student 

participation, and the learning, which does not follow the 

provisions of the textbooks, should be immutable following 

the actual needs of the students. Moreover, classroom 

activities and the need to achieve the objective should be 

considered when making a suitable choice. Open lesson 

observation shared how to engage students in a proper 

technology integrated mathematics lessons via the suitably 

use of instruments and teaching practices, which assisted 

pre-service mathematics teachers in gaining a practical 

understanding of technology integrated mathematics lesson 

design [41]. This finding continues the evidence that 

classroom observation, such as lesson study, may help 

teachers learn more effectively [8], [42], [43]. 

Although evidence from several collected data sources 

indicated that participants were engaged in a program to learn 

about technology integrated mathematics lesson design, none 

of the participants clearly defined this process as a 

construction of technology integrated competency. They did 

not have an intentional approach to knowledge acquisition as 

part of the technology integrated mathematics lesson design 

process. Additional studies may be conducted to compare 

pre-service mathematics teachers' knowledge acquisition 

since the process of developing the ability of technology 

integrated mathematics lesson design is both explicit and 

tacit. The study will provide insight into the creation of 

technology integrated mathematics lesson design 

professional development for mathematics teachers. 
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VI. CONCLUSION 

The findings indicated that the technology integrated 

competency of pre-service mathematics teachers was 

enhanced during a four-month period. The participating 

pre-service mathematics teachers developed a deeper 

understanding of technology integrated lesson design by 

enable students to work on challenging mathematics 

problems through technology. Additionally, the participating 

pre-service mathematics teachers changed their confidence to 

design meaningful technology integrated mathematics 

lessons. Optimism for utilizing technology flourished with 

knowledge and mastery, resulting in a rise in technology 

integration self-efficacy [42]. 

Evidence of pre-service mathematics teachers' cooperative 

initiation was necessary for pre-service mathematics 

teachers' perceptions of technology integrated lesson design 

to improve. Therefore, it would be the most significant 

advantage for pre-service mathematics teachers to adopt a 

revitalized method of teaching mathematics and to encourage 

their students' mathematics learning through the 

unprejudiced exchange of ideas among themselves while 

working together. Additionally, pre-service mathematics 

teachers were exposed to an open lesson that influenced their 

lesson preparation, implying that the technology integrated 

mathematics lesson may be more readily adapted to an actual 

mathematics classroom with open approaches of integration 

and methods for solving meaningful problems. 

APPENDIX 

To justify the result of this study, Table VI and Table VII 

represent items of collected analysis to summarize the 

qualitative finding of the study. Table VI demonstrates the 

analysis from the investigation at the initial stage of the 

enhancement program, including notes from the first journals 

after attending the enhancement program, the artifacts from 

the first lesson design, and the first focus group interview. 
 

TABLE VI: RESULT OF CONTENT ANALYSIS 1 

Technology 

integrated 

competency 

Example f % 

Use technology in 

the designed 

curriculum as a 

teaching aid. 

Use technology for display a 

picture from an example of the 

teaching content. 

23 92 

Use a dynamic mathematics 

program to demonstrate a concept 

by PMTs with the lecture method. 

15 60 

Select 

inappropriate 

technology. 

Select technology only according 

to his/her preferences, being not 

the most compatible to the 

content. 

25 100 

Being nervous when using an 

unfamiliar technology which they 

selected. 

11 44 

Use technology to 

provide 

meaningless 

mathematical 

explanation. 

Demonstrate unrelating concepts, 

just try to evidence technology in 

a lesson plan. 

4 16 

 Perform insufficiency 

mathematics knowledge for 

teaching to explain a complex 

representation displaying by 

dynamic program. 

13 52 

 Evidence inattention of 

mathematics knowledge for 

teaching when design a lesson. 

23 92 

Use technology in 

unsupportive ways 

for teaching and 

learning activities. 

Select an application being not 

available in an operating system. 

4 16 

Use specific strategies when 

teaching technology integrated 

lesson. 

18 72 

Do not engage 

technology to 

assess students. 

Use paper worksheets or paper test 

after teaching by using 

technology. 

15 60 

Do not use 

technology to 

design various 

assessment tasks. 

Assign the same assessment task 

to all students. 

20 80 

 

Table VII shows some items resulting from the 

investigation at the final stage of the program, including 

notes from the last journals, the artifacts from the final lesson 

design, and the focus group interview after completing the 

program, to identify changes occurring in the participating 

pre-service mathematics teachers' technology integrated 

competency. 
 

TABLE VII: RESULT OF CONTENT ANALYSIS 2 

Technology 

integrated 

competency 

Example f % 

Design a lesson 

plan that provides 

engaging 

opportunities via 

technology. 

State technology as an instrument 

for learning mathematics being 

able to interact by all students. 

25 100 

Evidence an offer of various 

degrees of support in learning a 

math concept. 

15 60 

Select technology 

being compatible 

with mathematics 

concepts of each 

content.  

Evidence usage of sufficient 

mathematics knowledge for 

teaching to conceptualize the main 

content through technology. 

25 100 

Use technology to design a variety 

of problems for arousing interest. 

14 56 

Perform using 

technology when 

teaching 

confidently 

Select technology according to 

his/her preferences being 

applicable to the lesson. 

25 100 

Use technology to 

support the 

developed 

teaching practice 

and learning 

activity. 

Students can interact with the 

technology used in learning 

activities.  

20 80 

Play an operative role in 

supporting students' learning in 

technology-integrated 

mathematics lessons. 

20 80 

Emphasize an incorporation of 

mathematics knowledge for 

teaching to create teaching and 

learning activities. 

25 100 

Design an 

assessment task 

that were 

expanded for 

challenging 

problems. 

Assessment tasks using the 

instrumental genesis. 

20 80 

Design an 

assessment task to 

assess students 

regardless of 

students' 

technology 

readiness level. 

Design various assessment tasks 

with technology using sufficient 

mathematics knowledge for 

teaching. 

14 56 
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