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This study investigates the effectiveness of the Concurrent Training and Reflection 
Model (CTRM) in enhancing the research competencies of in-service teachers. 
CTRM integrates structured research methodology training with real-time classroom 
reflection, enabling teachers to apply their learning immediately and evaluate its 
impact through student outcomes. Seventeen teachers from public schools in 
Qatar participated in a ten-session training program over 60 days. Each teacher 
guided a minimum of 20 students in conducting research-based projects, involving 
a total of 347 students. The study employed an exploratory sequential mixed-
methods design, grounded in Research Cognitive Theory (RCT), and guided 
by Kirkpatrick’s Four-Level Evaluation Model. Data were collected through an 
ad hoc pre-post questionnaire, developed and validated by the research team 
based on stakeholder interviews and focus group discussions. The researchers 
used quantitative data to assess changes in teachers’ research knowledge and 
ability, while qualitative data included teacher reflections, facilitator feedback, 
and student outputs provided contextual insights. During the reflection phase, 
students worked in small groups designing posters and STEM prototypes, which 
were evaluated at the school level. One prototype and one presentation from 
each school were selected for final presentation and evaluation, resulting in 17 
shortlisted entries. The results demonstrated significant improvements in teachers’ 
research competencies, including their conceptual knowledge, practical application 
skills, and attitudes toward research. Student-generated outputs provided tangible 
evidence of instructional impact and reflective teacher growth. The CTRM model 
proved effective in promoting inquiry-based teaching and fostering a research-
oriented classroom culture.
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Introduction

As educational expectations become more complex, teachers are expected to do more than 
deliver content (Taguma et al., 2018), they must respond to diverse student needs, integrate 
real-world contexts, and foster critical thinking within the classroom (Darling-Hammond 
et al., 2018). To meet these evolving expectations, effective training for in-service teachers 
becomes essential (Abu-Tineh and Sadiq, 2018; Al-Thani et al., 2021; Alfaidi and Elhassan, 
2020; Nasser, 2017). Professional development programs must not only address foundational 
pedagogical strategies but also incorporate classroom inquiry, reflective thinking, and 
research-based skills that empower teachers to lead evidence-informed instruction (Slade 
et al., 2019).

Recent developments in education have emphasized the value of inquiry-based learning, 
reflective teaching, and classroom-based research as pathways for continuous teacher growth 

OPEN ACCESS

EDITED BY

Gavin T. L. Brown,  
The University of Auckland, New Zealand

REVIEWED BY

Davide Parmigiani,  
University of Genoa, Italy
Eleni Papadopoulou,  
Democritus University of Thrace, Greece

*CORRESPONDENCE

Jolly Bhadra  
 jollybhadra@qu.edu.qa

RECEIVED 25 February 2025
ACCEPTED 27 May 2025
PUBLISHED 30 July 2025

CITATION

 Al-Thani N, Ahmed Z and Bhadra J (2025) 
Concurrent training and reflection model 
(CTRM) for in-service teachers.
Front. Educ. 10:1583071.
doi: 10.3389/feduc.2025.1583071

COPYRIGHT

© 2025 Al-Thani, Ahmed and Bhadra. This is 
an open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 30 July 2025
DOI 10.3389/feduc.2025.1583071

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2025.1583071&domain=pdf&date_stamp=2025-07-30
https://www.frontiersin.org/articles/10.3389/feduc.2025.1583071/full
https://www.frontiersin.org/articles/10.3389/feduc.2025.1583071/full
https://www.frontiersin.org/articles/10.3389/feduc.2025.1583071/full
mailto:jollybhadra@qu.edu.qa
https://doi.org/10.3389/feduc.2025.1583071
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2025.1583071


Al-Thani et al. 10.3389/feduc.2025.1583071

Frontiers in Education 02 frontiersin.org

and improved student outcomes (Meng, 2023). Teachers who possess 
research competencies such as the ability to frame questions, design 
studies, interpret findings, and reflect on results are better positioned 
to make informed instructional decisions and support students in 
developing higher-order thinking skills (Oestar and Marzo, 2022). 
These skills are particularly important in promoting student 
engagement in STEM-based and inquiry-driven projects (Van den 
Hurk et al., 2019). However, most professional development models 
still emphasize theoretical content without offering sufficient 
opportunities for practice, feedback, or contextual application (Leal 
Filho et al., 2025). As a result, teachers often struggle to apply new 
learning into their daily instructional practices.

To address this gap, the present study introduces the Concurrent 
Training and Reflection Model (CTRM). This model integrates formal 
research instruction with immediate classroom-based application and 
structured reflection. CTRM is designed with a parallel structure: 
teachers receive targeted training in research methodology while 
simultaneously applying those skills with their own students. During 
this reflection process, teachers guide student groups in creating research 
posters and STEM-based prototypes. These student outputs serve both 
as evidence of learning and as a basis for reflective teaching practices 
(Darling-Hammond et al., 2018). By grounding teacher reflection in 
actual student work, CTRM helps educators connect theoretical 
knowledge with instructional impact (Black and Wiliam, 2018).

Literature review

Numerous teacher training programs have contributed to improving 
classroom practice by focusing on both pedagogical development and 
subject-specific expertise (Philibert et al., 2019; Zhorova et al., 2022). 
These initiatives not only enhance instructional quality but also foster 
teacher confidence, professional growth, and leadership potential 
(Popova et  al., 2022; Dixon and Scott, 2015). Evidence shows that 
teachers who participate in well-structured training demonstrate 
stronger classroom management, improved time management, and 
higher levels of student engagement (Phuong et al., 2018; Guraya and 
Chen, 2019). For instance, Piryani et al. (2018) observed a rise in teacher 
self-confidence and clarity in instruction following research-oriented 
training. Similarly, Popova et  al. (2022) emphasized that programs 
integrating subject-specific content, practical engagement, and in-person 
delivery were more likely to yield measurable gains in student outcomes.

Despite these strengths, many existing professional development 
programs still face challenges related to sustainability, limited real-
world application, and long-term impact on student learning (Bayar 
and Kösterelioğlu, 2014; Iftikhar et al., 2022; Nasser and Romanowski, 
2011; Öztürk, 2019; Tran Ho et al., 2023). Many initiatives rely on 
one-time workshops or content-heavy delivery that lacks hands-on 
integration or classroom-based implementation. Even programs that 
incorporate collaborative or interactive components often fall short in 
linking teacher learning directly to measurable student progress. For 
instance, studies conducted by Jurkowski and Abramczyk (2024), 
Öztürk (2019), and Tumkaya and Miller (2020) on inclusive education 
training modules and social–emotional learning programs have 
provided valuable insights into collaborative teaching, yet they often 
lacked systematic feedback loops or mechanisms to assess the transfer 
of training into classroom practice (Jurkowski and Abramczyk, 2024; 
Öztürk, 2019; Tumkaya and Miller, 2020).

Recent research emphasizes the need for professional development 
models that are both evidence-based and deeply embedded in 
authentic teaching contexts. Features such as mentoring, collaborative 
inquiry, reflective practice, and ongoing feedback have been shown to 
effectively build teachers’ instructional capacity, research skills, and 
professional confidence (Al-Thani et al., 2023; Dewi and Kartowagiran, 
2018; Piryani et al., 2018). However, there remains a gap in models that 
combine these elements with structured research training and real-
time classroom application. The CTRM addresses this gap by 
integrating formal research instruction with concurrent classroom 
implementation and teacher-student collaboration. Teachers engage in 
training while guiding students in inquiry-driven learning, turning the 
classroom into an action research environment. Student-generated 
outputs such as STEM prototypes and research posters not only serve 
as indicators of student learning but also provide tangible tools for 
teacher reflection (Al-Thani et  al., 2022). By aligning professional 
development with classroom realities, CTRM supports the 
development of research-competent teachers and directly contributes 
to improved student outcomes (Putman and Polly, 2021; Lee and 
Zahir, 2021).

The CTRM is intended to promote professional development of 
teachers and student engagement by embedding research within the 
learning environment. Through guided follow-up sessions and 
feedback, teachers are encouraged to reflect, adapt, and build 
confidence in using research as a tool for improving instruction 
(Schön, 1983). This model creates a dynamic feedback loop between 
teacher development and student performance, offering a practical 
and sustainable approach to professional learning.

Research questions

 1 How effectively does CTRM enhance in-service teachers’ 
knowledge of research methodology?

 2 In what ways does CTRM improve teachers’ ability to apply 
research skills in their classroom instruction?

 3 How do student-generated outputs (posters and prototypes) 
serve as reflective tools for assessing and improving teachers’ 
instructional practices?

Theoretical and conceptual framework

The theoretical foundation of the CTRM is grounded in Research 
Cognitive Theory (RCT) (Al-Thani and Ahmad, 2025), which draws 
upon Bandura’s Social Cognitive Theory (SCT) and its earlier 
formulation, Social Learning Theory (SLT) (Bandura, 1986; Bandura 
and Walters, 1977) emphasize that learning occurs most effectively in 
environments that promote self-efficacy, observational learning, 
behavioral capability, and reflective practice. RCT extends these 
principles into the domain of teacher research training, suggesting 
that educators build research competencies not only through formal 
instruction but also through socially interactive and cognitively 
engaging experiences that mirror authentic research processes. These 
experiences are operationalized through key mechanisms such as peer 
collaboration, structured mentoring, and guided feedback, which play 
a vital role in shaping teachers into reflective, research-oriented 
practitioners (Lee and Zahir, 2021).
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While RCT provides the theoretical basis for understanding how 
teachers acquire and apply research skills, the conceptual framework 
guiding the implementation and evaluation of CTRM draws on 
Kirkpatrick’s Four-Level Evaluation Model: Reaction, Learning, 
Behavior, and Results (see Figure 1) (Jain, 2014; Kirkpatrick, 1959). As 
illustrated in Figure 2, the CTRM is structured into four interrelated 
phases: Training, Reflection, Retain and Apply, and Establish, while the 
Follow-Up component functions parallel with the Reflection and 
Retain and Apply levels, providing ongoing support and reinforcement. 
In this structure, Kirkpatrick’s Reaction and Learning levels are 
encompassed within the Training level, during which teachers engage 
in formal research instruction and begin building confidence in 
applying research-based practices. The Reflection level aligns with 
Kirkpatrick’s Behavior level, demonstrating how teachers transfer 
their training into classroom practice by facilitating student research 
activities and adapting their instructional approaches accordingly.

What makes the CTRM model unique is its parallel structure, in 
which teachers apply newly acquired research skills directly in their 
classrooms, and student outcomes serve as authentic reflections of 
their instructional growth. This design allows teachers to implement 
what they learn during formal sessions immediately afterward with 
their students, creating a continuous feedback loop between 
instruction, reflection, and learning. During the Reflection and Retain 
and Apply levels, facilitators provide ongoing parallel Follow-up 
support to guide teachers, reinforce instructional alignment, and 
address practical challenges in real time. The Retain and Apply level 
enables students to demonstrate their research understanding through 
collaborative research outputs, such as STEM prototypes and research 
posters. These artifacts then feed into the Establish phase, which aligns 
with the Results level in Kirkpatrick’s model, to evaluate the long-term 
impact of the training on both student outcomes and teacher 
development. Collectively, these integrated levels form a holistic and 
sustainable framework for in-service teacher growth, grounded in 
reflective practice and aimed at achieving measurable classroom impact.

Methodology

This study employed CTRM, a research-informed teacher 
development framework that integrates structured training with real-
time classroom implementation and guided reflection. The model was 

designed to evaluate its effectiveness in enhancing in-service teachers’ 
research competencies and improving student learning outcomes. 
CTRM adopted a parallel structure, enabling teachers to receive 
formal research training while concurrently applying their learning in 
the classroom. Teachers facilitated student engagement in key research 
activities such as topic selection, literature review, study design, and 
data analysis. These student-generated output research posters and 
STEM-based prototypes served as dual indicators of student learning 
and reflective evidence of instructional impact. To support this 
integrated process, the research team conducted concurrent follow-up 
sessions, offering mentorship, feedback, and troubleshooting support 
during the implementation period. An exploratory sequential mixed-
methods design, combining quantitative and qualitative data analysis, 
was used to systematically assess the impact of the CTRM. This 
comprehensive approach enabled the creation of real-time feedback 
loops linking teacher development, classroom implementation, and 
measurable student outcomes.

Study phases and implementation

As shown in Figure 3, the research process was structured into 
three interconnected phases, each aligned with the study’s overarching 
goal of enhancing the research competencies of in-service teachers 
through a research-oriented training and reflection process (Norouzi 
and Salajegheh, 2023). The effectiveness of the CTRM was evaluated 
by measuring improvements in teachers’ research understanding, 
practical capabilities, and perception toward research. Student 
learning outcomes were also used as key indicators of teacher 
reflection and instructional impact.

Phase I – assessment and tool development
This initial phase involved conducting semi-structured interviews 

with key stakeholders, including representatives from the Ministry of 
Education & Higher Education (MOEHE), school principals, and 
in-service teachers. The purpose was to gather insights regarding the 
need for research-based teacher training, as well as to identify practical 
strategies for promoting a research-oriented learning culture within 
schools. The findings from these interviews and discussions were 
subsequently used to design a customized pre- and post-assessment 
questionnaire aimed at measuring teachers’ research knowledge, skills 

FIGURE 1

Diagrammatic representation of Kirkpatrick’s four-level evaluation model for assessing teachers’ training program.
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and attitudes before and after the training program. The questionnaire 
was developed using an ad hoc method, meaning it was specifically 
designed for this study based on contextual needs and program 
objectives. To ensure validity and clarity, the instrument was pilot 
tested with a representative sample of in-service teachers. Feedback 
from the pilot phase was used to refine the questionnaire in terms of 
content relevance, clarity, and linguistic appropriateness. After 
necessary modifications, the final version of the tool was prepared and 
distributed for official use during the training program.

Phase II – concurrent training and reflection
In this phase, the selected 17 in-service teachers participated in a 

structured ten-session training program focused on research 
methodology. The program spanned 60 days, with sessions conducted 
twice per week. At the beginning of the training, the pre-training 
questionnaire was administered to collect baseline data on the 

teachers’ research competencies. During the training sessions, teachers 
received instructions in guided research activities, including 
formulating research questions, and designing basic study protocols 
(Shah et al., 2017). After each session, teachers engaged in a 10-day 
classroom reflection period, where they applied this knowledge and 
skills with at least 20 students each (347 students total). Students 
worked in small groups to develop research posters and STEM-based 
prototypes (Alkhair et al., 2022).

These outputs were evaluated during follow-up sessions conducted 
in Phase II, in which the research team visited classrooms to observe 
implementation, offer feedback, and support teacher reflection. Under 
each teacher, the participating students were divided into groups of 
four to five. Each group developed one prototype and designed one 
research poster, both of which were evaluated by the research team 
during follow-up sessions. From each school, the best-performing 
prototype and poster were selected for semi-final and final 

FIGURE 2

Diagrammatic representation of the Concurrent Training and Reflection Model (CTRM) for teacher evaluation.

FIGURE 3

Diagrammatic representation of the three phases of CTRM.
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presentation and evaluation. In total, 17 prototypes and 17 posters one 
from each participating school were selected for the final round of 
assessment. These artifacts served as tangible indicators of student 
learning outcome and were considered as reflective outputs of 
teachers’ instructional impact. The concurrent reflection model not 
only supported knowledge transfer but also encouraged immediate 
implementation and positively influenced teachers’ attitudes toward 
research-based instruction. At the end of this phase, a post-training 
questionnaire was administered to the participating teachers to collect 
quantitative data on the effectiveness of the training and to measure 
changes in research-related knowledge, skills, and attitudes. The 
outputs created during this phase were later formally assessed by the 
three external research experts in Phase III using predefined 
evaluation rubrics. These rubrics are detailed in 
Supplementary Table S1.

Phase III – post-training evaluation
The final phase focused on evaluating the outcomes of both 

teachers and students to determine the overall effectiveness of 
CTRM. Key activities included semi-final and final student 
presentations, formal expert assessments of student research outputs 
(e.g., posters and prototypes), and quantitative analysis of teacher 
post-program data. As in Phase II, follow-up sessions continued 
during this phase, offering sustained guidance, monitoring, and 
encouragement to teachers as they completed their reflective teaching 
cycles. This continuity reinforced professional growth and helped 
embed reflective practice into everyday instructional routines. The 
outcomes of both teachers and students were systematically analyzed 
to assess the overall effectiveness of the CTRM model in promoting 
inquiry-based learning and sustainable professional development. 
Student presentations provided tangible evidence of their ability to 
apply structured research methodologies in creative and meaningful 
ways, thereby reflecting the instructional efficacy of their teachers. 
These sessions further reinforced teacher development and sustained 
their engagement in reflective teaching practices.

Sampling and participants

This study focused on evaluating a specific teacher training 
intervention; therefore, a purposive sampling approach was employed. 
The participating schools were selected randomly, and teacher 
participation was entirely voluntary. A total of 17 in-service teachers 
from public schools across Qatar were participated for the study, with 
one teacher representing each school. Although the direct participants 
were the 17 teachers, the study’s impact extended further. Each teacher 
trained a minimum of 20 students during the concurrent reflection 
phase, resulting in a total reach of 347 students. This student 
engagement formed a critical component of the teachers’ reflection 
process, as their observations and learning outcomes were used to 
assess the effectiveness of the training. Prior to the commencement of 
the program, informed consent was obtained from all teacher 
participants. Most of the participants were female teachers, comprising 
76.5% of the total. The largest age group represented was 31 to 40 years 
old (64.7%). In terms of academic qualifications, the majority (64.7%) 
held Diploma degrees. Regarding teaching level, 35.3% of the teachers 
were from preparatory schools and 64.7% were from secondary (high 
school) levels, and all participating schools were STEM-focused 

institutions. A summary of the demographic details is provided in 
Table 1.

Program content and structure

The main objective of the program was to empower teachers in 
several key aspects of research. The training covered foundational and 
advanced research topics, including research question formulation, 
literature review, PRISMA diagram, study design, data collection 
(qualitative and quantitative), analysis techniques, and scientific 
communication. A detailed breakdown of the training sessions is 
presented in Table  2 and a detailed breakdown of session-wise 
activities is demonstrated in Supplementary Table S2. Teachers 
immediately reflected and applied concepts learned in each session 
within their classrooms.

Data collection instruments

To evaluate the effectiveness of the CTRM in enhancing teachers’ 
research competencies specifically their knowledge, skills, and 
attitudes related to educational research, both quantitative and 
qualitative data collection tools were employed.

Quantitative data collection
A pre-post questionnaire was developed by the facilitators 

(authors) to systematically measure the impact of the CTRM training 
program on teachers’ research competencies. The instrument aimed 
to assess how the model contributed to improvements in teachers’ 
knowledge of research methodology and their ability to conduct and 
guide research activities. The complete version of the instrument is 
provided in Supplementary Table S6. The development and 
implementation of the survey followed three structured steps:

Step 1: survey development
The questionnaire was developed based on findings from 

stakeholder interviews with Ministry of Education and Higher 
Education (MOEHE) professionals and focus group discussions with 
school principals and in-service teachers. A comprehensive literature 
review (Liu et al., 2011; Hassanein et al., 2021) further informed its 
design. The survey consisted of three main sections: Demographic 
Information, Teachers’ Knowledge Regarding Research Methodology, 

TABLE 1 Teacher participants’ demographics.

Variable Sub-categories Percentage

Gender Male 23.5

Female 76.5

Age Group 31–40 64.7

41–50 35.3

Educational 

Qualification

Diploma 64.7

Bachelor’s degree 17.6

Educational specialists 17.6

Teaching Level Preparatory 35.3

High school 64.7
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Teachers’ Research Ability. The questionnaire consisted of close-ended 
questions in 5-point Likert and true/false format. For coding purposes, 
the following scale has been employed for section 2 (−1 = very poor, 
0 = poor, 1 = fair, 2 = good, 3 = very good). For section 3, the following 
scale has been utilized (0 = None, Minimal, 1 = Moderate, 
2 = Considerable, 3 = Very familiar).

Step 2: pilot testing and refinement
The questionnaire underwent pilot testing through two focus 

group discussions, conducted separately in Arabic and English. These 
focus groups were essential in refining the instrument, especially with 
regard to the clarity and wording of questions. The discussions helped 
identify areas of ambiguity and provided opportunities to rephrase 
unclear items, ensuring that the final survey was concise, culturally 
appropriate, and capable of capturing accurate data. The questionnaire 
aimed to: (1) gather key background information from participants, 
(2) systematically document the training process, and (3) identify 
challenges faced during the training and reflection phases.

Step 3: administration of the survey
The third step involved the actual administration of the survey. 

After obtaining signed informed consent from both the teachers and 
school authorities, facilitators distributed the questionnaire to 
participants, offering them the option to complete it in either English 
or Arabic. On average, participants require between 13 and 17 min to 
complete the instrument. In addition to the quantitative data through 
survey, qualitative data were collected through various sources to 
supplement and deepen the understanding of program outcomes. 
These sources included transcripts of interviews and focus group 
discussions, teachers’ reflective feedback, facilitator notes from 
follow-up sessions, evaluations of student posters and prototypes 

using rubrics, and documented observations of student performance 
and engagement. These data are referenced in detail in the 
Supplementary Tables S4a–d, S5.

Quantitative measures

Two core constructs were measured through the quantitative 
survey instrument. The first construct focused on teachers’ knowledge 
of research methodology, aiming to assess the level of conceptual 
understanding they had before and after the training. This included 
their familiarity with essential components such as research design, 
data collection techniques, and analysis strategies. The second 
construct examined teachers’ research ability, specifically evaluating 
the extent to which their practical research skills and confidence 
improved because of their participation in the training program. The 
responses for each of these constructs were analyzed separately to 
track measurable changes in knowledge and ability from the beginning 
to the end of the program, and the results are presented in the 
subsequent sections of this paper.

Data analysis

Quantitative analysis of the CTRM was performed using the 
Statistical Package for the Social Sciences (SPSS) software. To 
determine the reliability of the questionnaire, Cronbach’s Alpha and 
McDonald’s Omega were calculated for each construct. Both metrics 
exceeded 0.95, indicating excellent internal consistency. Data 
distribution was assessed using the Shapiro–Wilk and Kolmogorov–
Smirnov tests, which confirmed that the data did not follow a normal 
distribution (p < 0.05) (see Supplementary Tables S3, S4). Accordingly, 
the Wilcoxon Signed-Rank Test, a non-parametric method, was used 
to evaluate significant differences between pre- and post-test scores 
for both constructs: teachers’ knowledge of research methodology and 
their research ability. In addition to inferential statistics, descriptive 
statistics including means, standard deviations, and frequency 
distributions were used to summarize responses. These descriptive 
analyses offered further insights into shifts in teacher perceptions, self-
efficacy, and research competencies before and after participation in 
the CTRM intervention. To complement the significance testing, 
Cohen’s d effect sizes were calculated to estimate the magnitude of 
pre-post changes for each construct. These were computed using the 
Campbell Collaboration Effect Size Calculator, applying the pooled 
standard deviation method for paired samples. This method aligns 
with APA Journal Article Reporting Standards (Appelbaum et al., 
2018) and offers a clearer interpretation of the intervention’s 
practical significance.

For the qualitative analysis, a thematic approach was applied to 
data collected from focus group transcripts, facilitators’ observational 
notes, and teacher reflections. These reflections were further 
interpreted through student-generated outputs such as posters and 
prototypes. Emerging themes included the relevance of the training, 
levels of student engagement, institutional barriers, and teacher 
motivation. Additionally, a SWOT analysis was conducted to evaluate 
the strengths, weaknesses, opportunities, and threats related to the 
implementation of the CTRM model, drawing on facilitators’ 
perspectives. Together, these qualitative and quantitative methods 

TABLE 2 Course breakdown (session-wise).

Days Topics

Session 1 Introduction to research: Selection of research topics, formulation 

of research questions, and research problem statement

Session 2 Effective literature search and citing research documents and 

sources

Session 3 Introduction to PRISMA (preferred reporting items for systematic 

reviews and meta-analyses) flow diagram and efficient retrieval of 

precise research materials

Session 4 Types of research and studies: Introduction to study designs and a 

systematic review of studies.

Session 5 Quantitative study design: designing a questionnaire, sampling 

(sample size and sampling technique), and quantitative data 

collection.

Session 6 Qualitative study design: introduction to qualitative research; 

qualitative sampling techniques; qualitative data collection 

techniques; qualitative research approaches

Session 7 Data analysis and presentation of research findings

Session 8 Introduction to referencing tools

Session 9 Familiarization with research ethics and hands-on practice in 

poster designing

Session 10 Scientific writing and standard research protocol format: How to 

develop a competitive research protocol?
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provided a comprehensive evaluation of the CTRM model, offering 
both measurable outcomes and rich contextual insights.

Results

The results section encompasses a quantitative evaluation of two 
constructs, i.e., (1) Teacher’s knowledge regarding research 
methodology, and (2) Teachers’ research ability, to understand the 
program’s efficiency. Followingly, the findings from the qualitative 
evaluations, involving focus group discussions and SWOT analysis 
have been presented.

Validation of the instruments

For internal consistency and data reliability, Cronbach’s Alpha, and 
MacDonald’s Omega values for each survey construct (pre- and post-) 
have been calculated and illustrated in Table 3. The Alpha and Omega 
values typically range from 0 to 1, with acceptable values greater than 
0.7. Wherein, the values above 0.70 are regarded as reliable and above 
0.8 as highly reliable (Cohen et al., 2017). The reliability test revealed 
that all the questions used in analyzing this study’s data were reliable.

Research findings

The descriptive statistics concerning the average mean scores 
before and after the CTRM indicate that the teacher’s knowledge 
regarding research methodology has increased for most of the 
measures (questions). On average, there was an improvement from a 
mean score of 2.76 in the pre-test to a mean score of 3.82 in the post-
test (see Figure 4). To investigate the statistical significance of this 
mean difference, the Wilcoxon signed-rank test was performed (see 
Table  4). The findings show that for the ‘construct’ and all 
corresponding measures, there is a statistically significant 
improvement in the post-test scores, indicating that teachers have 
gained knowledge in research methodology (p-value < 0.001). The 
results suggest that teachers display a high degree of adaptability and 
have enhanced their knowledge of research. In addition to statistical 

significance, the effect sizes (Cohen’s d) for the pre-post differences in 
teachers’ research knowledge were large, ranging from 1.22 to 1.54. 
This suggests that the CTRM intervention had a strong practical 
impact, indicating substantial gains in teachers’ conceptual 
understanding of research methodology.

Similarly, the analysis of mean average scores before and after the 
CTRM reveals that teachers’ research abilities improved across most 
measures (questions). On average, the scores increased from a mean 
of 2.02 in the pre-test to a mean of 2.56 in the post-test (see Figure 5). 
To assess the statistical significance of this mean difference, the 
Wilcoxon signed-rank test was performed (see Table 5). The results 
indicate a statistically significant improvement in teachers’ perception 
of their research abilities for both the overall construct and all the 
corresponding measures (p-value < 0.001).

The student-designed research posters and STEM-based 
prototypes created under teacher supervision reflect the effective 
application of research practices taught through CTRM. These outputs 
were evaluated during follow-up sessions and presented in the final 
review phase and evaluated by external experts. The evaluation of 
student-developed posters and prototypes was conducted using a 
structured rubric (see Supplementary Table S1), which assessed 
criteria such as presentation, originality, sustainability, and overall 
design quality. Examples of these outputs are shown in Figures 6, 7.

The Cohen’s d effect sizes for teachers’ research abilities ranged 
from 0.78 to 1.57, demonstrating a large practical impact across most 
research tasks, including data analysis, project reporting, and scientific 
presentations. These findings emphasize that the improvements were 
not only statistically significant but also educationally meaningful.

Following the quantitative analyses, a qualitative evaluation was 
conducted to explore the design and implementation of the CTRM 
program in greater depth. During Phase I of the program, focus group 
discussions were held with stakeholders from the Ministry of 
Education & Higher Education (MOEHE), school principals, and 
in-service teachers. These discussions were designed to inform the 
CTRM training model by exploring participants’ perspectives on the 
need for research training, current practices, and contextual challenges 
(refer to Supplementary Tables S5a–c).

Participants consistently reported that student research activities 
in schools were generally limited to annual competitions organized by 
MOEHE. Teachers indicated that there was a limited integration of 
research methodology into the regular curriculum, and few 
opportunities existed for students to engage in sustained inquiry-
based projects. Several teachers shared that they lacked prior 
experience and training in research, which made it difficult to 
effectively mentor students. Time constraints were frequently 
mentioned, with teachers noting that mentoring students in research 
projects added responsibilities beyond their standard workload, often 
without additional compensation. Principals highlighted the lack of 
laboratory infrastructure and noted that equipment availability varied 
widely across schools. Some principals expressed a preference for 
building partnerships with external research institutes to address 
equipment gaps and enhance student exposure. Across the sessions, 
participants emphasized a shared need for more structured support, 
training, and follow-up mechanisms to embed research experiences 
more meaningfully into the school environment. Following the focus 
group exploration, a SWOT analysis was performed from the 
facilitators’ perspectives to gain deeper insights into the program’s 
effectiveness regarding its design and implementation. This analysis 

TABLE 3 Reliability analysis for the pre and post surveys.

Test Construct No. of 
Items

Cronbach 
Alpha

McDonald’s 
Omega

Pre-

test

Teacher’s 

knowledge 

regarding research 

methodology

6 0.953 0.953

Teacher’s research 

ability

12 0.967 0.967

Post-

test

Teacher’s 

knowledge 

regarding research 

methodology

6 0.974 0.980

Teacher’s research 

ability

12 0.961 0.965
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offered a structured overview of the program’s internal strengths and 
weaknesses, as well as external opportunities and threats (refer to 
Table 6).

Discussion

Research has consistently demonstrated the critical role of teacher 
training programs in enhancing educators’ leadership, knowledge, and 
instructional skills (Philibert et al., 2019; Phuong et al., 2018; Guraya 
and Chen, 2019; Popova et al., 2022). These programs are central to 
educational discussions, as there is a consensus that high-quality 
teaching directly contributes to improved educational outcomes. 
While the literature is replete with various teacher training models, 
few have integrated concurrent training and reflection phases, 
particularly for in-service teachers. Such an integrated approach is 
rarely explored in existing studies, which often emphasize theoretical 
training without adequately addressing practical application and 
reflection. This gap is particularly relevant in STEM education, where 
inquiry-driven, research-oriented instruction requires teachers to 
develop not only knowledge, but also applied competencies and 
reflective teaching practices.

The findings of this study demonstrate that the Concurrent 
Training and Reflection Model (CTRM) effectively enhanced the 
research competencies of in-service teachers, aligning with the 
theoretical foundations of RCT, and guided by Kirkpatrick’s Four-
Level Evaluation Model. RCT emphasizes the development of 
teacher competency through contextualized, cognitively engaging, 
and socially mediated learning experiences. The significant 
improvements in teachers’ research knowledge, application skills as 
reflective practices, as evidenced by the quantitative results 
(Wilcoxon test), can be directly attributed to the principles of RCT, 
which emphasize that learning is most effective when it occurs 
through observation, active engagement, and reflective practice. 
Unlike conventional training models that are predominantly 
theoretical, CTRM is designed to provide in-service teachers with 
research-based training while simultaneously enabling them to 
apply these skills in their classrooms. Teachers not only acquired 

new knowledge in research but also immediately applied these skills 
within their classrooms, reinforcing their understanding through 
real-world application (Morrison et al., 2021). This dual focus on 
training and reflection aligns with the growing demand for training 
models that not only impart knowledge but also foster critical 
thinking, creativity, and innovation among both teachers and 
students. This aligns with RCT, which suggests that educators build 
research competencies through contextual experiences and cognitive 
engagement rather than passive learning. By enabling teachers to 
move beyond passive acquisition of content toward active integration 
of research practices, CTRM supports the development of sustained 
instructional transformation.

The quantitative findings of this study, which revealed statistically 
significant improvements in teachers’ research knowledge and 
abilities, are consistent with previous research (Kurniawati et al., 2017; 
Rodriguez et  al., 2020). The post-training gains observed among 
teachers demonstrate that CTRM effectively enhanced their 
understanding of research design, data collection, and analysis which 
are core components of research literacy. These improvements directly 
address the primary research objective of this study, which was to 
enhance teachers’ research competencies through a structured 
training model.

The effectiveness of the CTRM model, guided by Kirkpatrick’s 
Four-Level Evaluation Model, is evident across its conceptual levels 
Training, Reflection, Retain and Apply, and Establish each 
corresponding to progressive stages of teacher development. During 
the Training level, teachers expressed positive feedback and 
demonstrated significant improvements in research competencies, 
including their ability to formulate research questions, conduct 
literature reviews, and analyze data. These gains reflect the impact of 
structured, research-oriented instruction in building foundational 
knowledge and applied skills. In the Reflection level, teachers began 
implementing their learning by guiding students in developing 
research posters and STEM prototypes. This shift from learning to 
doing reflects the experiential learning emphasized in RCT, where 
teachers build confidence by using their skills in real classroom 
settings. This process was continuously supported by the Follow-Up 
component of the model, which worked in parallel to the Reflection 
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FIGURE 4

Pre-post average score for each measure of the teacher’s knowledge regarding research methodology construct.
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and Retain and Apply levels to provide regular mentoring, feedback, 
and implementation support. These ongoing sessions helped teachers 
adjust their teaching strategies, solve challenges, and stay engaged in 
the research process. The strong link between the structure of the 
CTRM model and the improvement in teachers’ research skills shows 
that the model successfully promotes ongoing, and well-supported 
professional learning. This finding reinforces the strength of 
concurrent application and structured follow-up as a mechanism for 
developing confident, research-active educators. In addition to 
statistical significance, the results showed large effect sizes for both 
constructs. For teachers’ research knowledge, Cohen’s d values ranged 
from 1.22 to 1.54, indicating strong gains in conceptual understanding. 
For teachers’ research ability, effect sizes ranged from 0.78 to 1.57, 
reflecting substantial improvements in applying research skills. These 
findings align with RCT, which emphasizes that guided research 
experiences and reflective practice can enhance both cognitive 
development and instructional effectiveness.

The qualitative findings derived from stakeholder interviews and 
focus group discussions (see Supplementary Tables S5a–d) revealed 
several critical insights into the design, reception, and contextual 
challenges of implementing research-based teacher training. The 
instruments used to guide these discussions were developed based on 
the research objectives and aligned with the CTRM framework, as 
detailed in Supplementary Table S5a. The instruments used to guide 
these discussions were developed in alignment with the CTRM 
framework and are described in Supplementary Table S5a. Teachers 
reported limited exposure to research methodology prior to the 
intervention and highlighted institutional barriers such as insufficient 
incentives, inadequate laboratory infrastructure, and the absence of 
dedicated support staff (Karkouti et al., 2022; Nasser, 2017; Nasser and 
Romanowski, 2011). These concerns were echoed by school leaders, 
who noted time constraints and limited resources for sustained 
research engagement. Despite these limitations, participants expressed 
strong interest in structured, hands-on training programs. There was 

TABLE 4 Wilcoxon signed-rank test results for each measure of the teacher’s research knowledge regarding the research methodology construct.

Measure Test M SD Cohen’s d Z p

Knowledge regarding Research Methodology
Pre 3.87 0.92 1.44 −2.877 0.004

Post 4.87 0.35

Knowledge regarding Research Problem Statement
Pre 3.80 1.08 1.22 −2.913 0.004

Post 4.80 0.41

Knowledge regarding Systematic Literature Review
Pre 3.73 1.03 1.36 −2.859 0.004

Post 4.80 0.41

Knowledge regarding Google Scholar, SCOPUS, Science Direct, Web of 

Science

Pre 3.40 1.12 1.49 −3.126 0.002

Post 4.73 0.59

Knowledge of Quantitative and Qualitative Data
Pre 3.60 1.06 1.49 −2.877 0.004

Post 4.80 0.41

Knowledge regarding Interviews, Surveys, Case Studies, and Group Discussion
Pre 3.67 1.05 1.42 −2.774 0.006

Post 4.80 0.41

Total Score (All Items)
Pre 22.07 5.64 1.54 −3.184 0.001

Post 28.80 2.48
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FIGURE 5

Pre-post average score for each measure of the Teacher’s Research ability construct.
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widespread support for a STEM-centered curriculum that integrates 
modern educational technologies including artificial intelligence and 
robotics to foster inquiry-based learning. Participants also emphasized 
the importance of flexible delivery formats that balance theoretical 
instruction with practical application, tailored to both preparatory and 
secondary education levels. These findings underscore the importance 
of holistic capacity-building models like CTRM, which aim to align 
pedagogical practices with institutional readiness and teacher needs.

In addition to these perspectives, further qualitative insights from 
focus group discussions, SWOT analysis (Table  6), and teacher 
reflections reinforced the perceived value of the CTRM approach. 
Teachers reported increased confidence, improved instructional skills, 
and greater flexibility in guiding students through the research 
process. The program’s strengths such as its tailored design to meet 
diverse teacher backgrounds, hands-on research methodology 
training, and consistent follow-up sessions contributed to high 
engagement and full retention of participants. Moreover, the 
integration of interactive activities and student-led poster and 
prototype presentations created meaningful opportunities for applying 
research in real classroom contexts (Tao et  al., 2022). These 
experiences reflect key principles of Schön’s Reflective Practice, where 
critical reflection enables deeper professional learning. Nevertheless, 

the analysis also revealed persistent obstacles, such as limited training 
time, inconsistent access to research resources, and variability in 
teacher motivation. These challenges are consistent with previous 
studies that have identified similar barriers in the implementation of 
research-focused professional development (Genvieve, 2017; Siddiqui 
et al., 2021).

This study distinguishes itself by providing a comprehensive 
perspective that integrates both qualitative and quantitative 
evaluations, offering a more nuanced understanding of the impact of 
teacher training. This mixed-methods approach is particularly 
significant, as most existing studies have relied solely on quantitative 
measures, thereby overlooking the contextual insights that qualitative 
data can provide. By combining these two dimensions, this study 
contributes to the broader discourse on teacher training models, 
providing a more holistic understanding of how training can 
be effectively designed and implemented.

In light of the above, CTRM offers a sustainable model for 
professional development, one that not only enhances teachers’ 
research skills but also directly impacts student learning outcomes. 
The successful implementation of CTRM demonstrates that a 
balanced approach, which combines structured training with reflective 
practice, can bridge the gap between theoretical knowledge and 

TABLE 5 Wilcoxon signed-rank test results for each measure of the Teacher’s Research Ability construct.

Measure Test M SD Cohen’s d Z p

Conduct research related to the project
Pre 3.87 0.74 1.4 −2.667 0.008

Post 4.73 0.46

Identifying and formulating a research problem for a project
Pre 3.93 0.80 1.23 −2.652 0.008

Post 4.73 0.46

Searching for research articles through online databases
Pre 3.80 1.01 1.53 −2.859 0.004

Post 4.93 0.26

Read scientific papers
Pre 4.00 1.00 0.85 −2.332 0.020

Post 4.67 0.49

Performing a literature review
Pre 4.00 1.07 0.99 −2.588 0.010

Post 4.80 0.41

Demonstrate technical skills in a project
Pre 3.60 0.91 1.57 −3.002 0.003

Post 4.73 0.46

Interpreting data
Pre 4.13 0.99 0.78 −2.264 0.024

Post 4.73 0.46

Performing data analysis
Pre 3.93 0.96 1.42 −2.714 0.007

Post 4.93 0.26

Preparing and presenting a research poster
Pre 3.93 0.88 1.14 −2.588 0.010

Post 4.73 0.46

Give a scientific presentation
Pre 4.13 0.92 0.82 −2.124 0.034

Post 4.73 0.46

Writing technical report
Pre 3.73 1.03 1.25 −2.714 0.007

Post 4.73 0.46

Writing a research article
Pre 3.80 1.01 1.1 −2.511 0.012

Post 4.67 0.49

Total Score (All Items)
Pre 46.87 9.78 1.36 −3.185 0.001

Post 57.13 4.34
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practical application. This model not only addresses existing gaps in 
teacher training literature but also provides a foundation for future 
research aimed at refining and expanding teacher training practices.

Limitations

While the CTRM model showed promising results, several 
limitations should be acknowledged. Its concurrent design requires 
substantial coordination and cognitive effort, which may 
be  difficult to manage in schools without adequate structural 
support. Time constraints also limited the depth of teacher training 

and reflection activities, and the absence of long-term follow-up 
restricted insights into the model’s sustained impact. The study 
involved only STEM teachers, which aligns with CTRM’s inquiry-
based focus but limits the generalizability of the findings to 
non-STEM disciplines. Given the limited sample size and scope, 
further research involving larger and more diverse participant 
groups is needed to strengthen generalizability. Teacher responses 
relied on self-reported data, which may introduce response bias, 
even though their instructional impact was indirectly reflected in 
student outputs evaluated by external experts using standardized 
rubrics. Additionally, the lack of a control group limits the ability 
to establish causal relationships, as the improvement observed 

FIGURE 6

Student outcomes in the form of poster presentations (during the reflection period of the CTRM).

FIGURE 7

Student outcomes in the form of prototype presentations (during the reflection period of the CTRM).
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improvements could be influenced by prior training or concurrent 
initiatives. Student perceptions of their learning experiences were 
not collected, which limits the understanding of how the 
intervention was received at the learner level. Finally, disparities in 
school infrastructure such as access to laboratories and research 
tools affected the consistency of implementation across sites. As the 
study was conducted within Qatar’s public school system, the 
transferability of findings to other educational settings may also 
be limited.

Broader implications and future 
applications

This study contributes to ongoing discussions about teacher 
professional development by introducing CTRM, a phased and research-
based model grounded in RCT. The model supports teacher growth 
through classroom implementation, reflective practice, and continuous 

mentoring. It helps bridge the gap between theoretical learning and 
actual classroom practice. Beyond the current implementation, CTRM 
shows strong potential for use in other subject areas and educational 
levels. Future studies could explore its application in fields like the 
humanities and arts, where research may be more interpretive. The 
model also offers a useful structure for including research training in 
pre-service teacher education and national licensing systems. At the 
policy level, CTRM supports global education goals by encouraging 
inquiry-based teaching and collaboration across disciplines. Including 
the model in ongoing professional development programs could improve 
teaching quality and help build a research-driven school culture. 
Facilitators suggested that future implementations span a full academic 
semester to allow more time for student projects and deeper learning. In 
addition, partnerships between schools and universities could help 
provide access to resources like laboratories and data analysis tools. With 
continued refinement and wider testing, CTRM has the potential to 
become a scalable and sustainable model for professional development, 
one that supports both teacher growth and student engagement.

TABLE 6 SWOT analysis of the concurrent training and reflection model (CTRM).

Strengths Weaknesses Opportunities Threats

Comprehensive research training provides teachers with 

essential skills and knowledge.

Short course timeline limiting 

in-depth skill mastery.

Extend course duration to a full 

semester for better learning 

outcomes.

Difficulty in implementing 

research-based techniques without 

ongoing support.

Emphasis on practical, application-focused learning with 

immediate classroom application.

Content misalignment with 

excessive focus on social 

science methods over STEM.

Enhance course content to include 

advanced skills (e.g., digital tools, 

data analysis).

Institutional resistance to adopting 

research-based methodologies.

Tailored to meet the specific needs and backgrounds of 

participating teachers.

Challenging follow-up logistics, 

especially in rural and remote 

schools.

Development as a platform for 

ongoing professional development.

Teachers are struggling to balance 

training with existing 

responsibilities.

Incorporation of a groundbreaking research course for 

students beyond standard curriculum.

Complex course content for 

high school students.

Promote a culture of inquiry and 

research among teachers and 

students.

Teacher resistance to adopting 

new research methodologies.

High teacher engagement and 100% retention rate among 

participants.

Resource-intensive 

implementation requires 

significant time, funding, and 

personnel.

Encourage teacher collaboration on 

research projects for knowledge-

sharing.

Lack of innovation in teacher 

projects, relying on existing ideas.

Interactive workshop design, promoting active learning for 

both teachers and students.

Limited accessibility for 

teachers in remote or 

underprivileged areas.

Integrate the research-based training 

model into the school curriculum.

–

Positive learning environment with motivated teachers and 

students.

Complex impact assessment 

due to the need for continuous 

monitoring.

– –

Statistically significant improvements in teachers’ research 

knowledge and skills.

Limited innovation among 

teachers, with reliance on 

existing research ideas.

– –

Student skill showcase through research posters and STEM 

prototypes.

– – –

Constructive feedback mechanism for continuous program 

improvement.

– – –

Adaptable teaching practices with teachers integrating new 

skills effectively.

– – –

Sustained support through regular follow-up sessions, 

maintaining engagement.

– – –
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Conclusion

This study introduced the Concurrent Training and Reflection 
Model (CTRM), a research-based professional development 
framework designed for in-service teachers. CTRM successfully 
integrated structured research training with reflective teaching 
strategies, enabling teachers to strengthen their research skills while 
guiding students in inquiry-based projects. The model led to 
significant improvements in teachers’ understanding of research 
methodology and research practices, as validated through a mixed-
methods evaluation. These findings highlight the value of combining 
training and reflection to bridge theoretical learning with practical 
application. The CTRM model, tested with in-service teachers in 
Qatar, demonstrates how research-based and reflective strategies 
can be  transformed into a sustainable and practical approach to 
teacher development. Moreover, it supports the broader 
implementation of informal learning modules for K–12 educators 
and promotes STEM-integrated research literacy across 
educational contexts.
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