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Abstract: Teacher professional development (PD) programs ensure quality education, and
quality education is the basis for sustainable development. However, the non-participation
of mathematics teachers in PD still represents a tough challenge for several school systems
and remains poorly understood. Using data from the 2011, 2015, and 2019 cycles of the
Trends in International Mathematics and Science Study (TIMSS), we analyzed more than
200 national datasets to identify countries with relevant proportions of non-participation
in PD and model cross-nationally the relationship between the odds of this outcome and
a set of variables at the teacher and school level, including the interaction between job
satisfaction and the attributes of the schools. Successive logistic regression models applied
to each national dataset reveals that, in different countries, the teachers’ job satisfaction, sex,
teaching experience, the completion of initial teaching training, and the schools’ attributes
(i.e., location and socio-economic status (SES)) were significantly associated with the odds
of non-participation in PD amongst mathematics teachers. Three cases (Lebanon and Japan
in 2015, and Norway in 2019) describes opposite patterns of results for the interaction
between the teachers’ job satisfaction and the type of school location (urban vs. remote
rural). In Lebanon in 2019, female teachers, as well as more experienced teachers and
those teachers working in deprived areas were significantly more likely to report non-
participation in PD. This study underscores the importance of undertaking regular and
reliable cross-national monitoring of teachers’ non-participation in PD to guide policy
efforts aligned with indicator 4.c.7 of the UN’s Sustainable Development Goals framework.

Keywords: teacher professional development; Sustainable Development Goal (SDG);
mathematics education; teachers; teacher participation; teacher conditions of employment;
teacher policy; schools; international large-scale assessments in education; TIMSS

1. Introduction
International surveys in education indicate that teachers’ participation in PD increased

steadily over the last decade; thus, in many countries, practically all teachers engage reg-
ularly in this type of activities [1–5]. Albeit PD is considered a compulsory requirement
to progress in several teaching careers [6,7], many educators take up voluntarily these
activities because they represent genuine opportunities to formally upgrade their profes-
sional knowledge and skills. For both reasons, educational reforms have traditionally
acknowledged PD to be a priority policy mechanism to sustain high-quality education for
all students [8–10]. Likewise, researchers in this field have thoroughly examined the core
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features of effective PD [11,12] and its complex interaction with school contextual factors
that enable improvements in educational outcomes [13–15]. As a result, the great majority
of studies nowadays focus on the participation of teachers in PD and assess its impact in
multiple levels of school work.

However, teachers’ non-participation in PD activities still represents a tough challenge
for several school systems and remains poorly understood. For instance, an analysis
(reported below in this article) of reliable cross-country data revealed that mathematics
teachers from a particular segment of nations lagged way behind in this indicator over the
same time period of international rise. For these countries, the known benefits of PD on
teaching quality and students’ achievement are less likely to be accrued than in countries
with higher levels of participation. In addition, recent international reports have remarked
that many underdeveloped educational systems lack information about the proportions of
teachers’ participation in PD [16,17]. Since these nations have also reported lower levels
of qualified teachers and educational resources, the absence of valid monitoring of this
indicator might certainly hinder the implementation of evidence-based initiatives for school
improvement. All in all, this situation limits our understanding of the kind of teachers,
schools, and systems for which PD activities may (or may not) work.

At this juncture, educational theory suggested that non-participation in PD might be
explained by the interaction between the contextual and individual factors of the teachers’
work [18,19]. But a number of empirical questions remain to better understand the case of
countries with relevant proportions of mathematics teachers without participation in PD.
First, the research on PD has so far assumed a linear relationship between the predictors of
participation and different measures of this outcome (e.g., type of activity attended, hours
spent, etc.), disregarding the analysis of what would increase the odds of not engaging
in such activities (vs. engaging at some level). In addition, only the direct effects of such
predictors were usually of interest for researchers; thus, there is still room to examine the
interactions expected in the theory. Furthermore, statistical analyses of valid cross-national
data have rarely been performed before in this area, even though several large-scale surveys
in education have collected nationally representative information over the last decades.

Resolution of these problems may contribute towards a better understanding of the
challenges that these countries meet in order to increase the percentage of teachers who
receive in-service training. This proportion has been recently adopted in the Sustainable
Development Goals’ framework as a thematic indicator to reliably quantify the expected
substantial increase in the supply of qualified teachers—target 4.c.7 [17]. Since this frame-
work acknowledges that PD programs ensure the improvement of quality education, which,
in turn, enhances the prosperity of societies, monitoring the barriers to universal access to
PD becomes a relevant tool to orientate the decision-making for sustainable development.
In this context, the present article sets up to answer the following overarching research
question: what attributes of mathematics teachers and their schools were associated with
the odds of non-participation in PD activities in countries that took part in the TIMSS 2011,
2015, and 2019? In particular, this article also inquiries whether, in countries with relevant
proportions of this indicator, these odds can be explained by the interaction between rel-
evant school conditions (i.e., SES and location) and teachers’ job satisfaction. Using data
from three recent cycles of the TIMSS, this study aims to estimate the link between the odds
of non-participation in PD and a selection of teacher and school predictors drawn from the
specialized literature.

Literature Review

Adult education theory has suggested that teachers’ uptake of PD can be accounted
for by the interaction between the characteristics of the teachers’ context and the individual
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attributes of the teachers themselves [19]. Following this framework, a number of empirical
pieces of research in the field of PD have provided evidence that supports the contribution
of specific predictors at both levels.

At the teacher level, job satisfaction has emerged as a factor associated with partici-
pation in PD, showing significant relationships across different national contexts. Overall,
this positive relationship is at present reported bidirectionally: for instance, Yoon and
Kim [20,21] reported that more satisfied teachers were more likely to engage in PD activi-
ties (and also have a positive perception of their PD experience), whereas Zhou et al. [22]
revealed that participation in PD also enhanced job satisfaction by improving teachers’
self-efficacy and competence. Since teachers’ job satisfaction is also directly associated with
better school working conditions and positive teachers’ characteristics [23], it may well be
the case that participation in PD activities could be explained by the interaction of variables
at both levels.

Because teachers’ job satisfaction is closely linked with positive self-efficacy, school
climate, and less workload stress [24], teachers with higher rates of job satisfaction might
also be more motivated to uptake PD activities to improve their competencies [25]. This
idea can be understood in the context of the reported link between participation in PD and
the individual teachers’ beliefs about specific aspects of schoolwork [26], including greater
constructivist beliefs about instruction [27], increased work engagement [28], positive
dispositions towards PD [29], and greater motivation for public service [4]. The research
has also indicated that several features of PD were positively associated with increased
job satisfaction and positive perceptions of PD [20,30]. Hence, this evidence suggests that
increased teachers’ job satisfaction should diminish the risk of non-participation in PD (and
vice versa), while different school variables might affect this contribution, too.

Research has also highlighted that sex might be a relevant predictor of teachers’
engagement in PD. For instance, Badri et al. [31] found significant differences in teachers’
attitudes towards PD between male and female teachers. In addition, Yoon and Kim [21]
also revealed that male teachers were more likely to belong to high participatory profiles in
PD activities (particularly in urban school settings). Nonetheless, an analysis of the 2013
cycle of the Teaching and Learning International Survey (TALIS) yielded mixed results
on this predictor: in some countries, male teachers tended to participate more in PD,
whereas, in other countries, the same was true for female colleagues, or even no evidence of
differences in this outcome were found [32]. Therefore, differences in non-participation in
PD between male and female teachers is likely to be affected by cross-cultural characteristics
of their school systems, which warrants further scrutiny of the available international data.

Regarding the relationship between teachers’ work experience and their participation
in PD, it has been found that newer teachers tend to engage more frequently in these kinds
of activities. For example, Zhang et al. [33] revealed that increased teaching experience
was associated with decreased motivation for PD. Also, Yoon and Kim [21] found that
less experienced teachers were more likely to belong to high participatory profiles in
PD activities. Nonetheless, Zhang et al. [33] reported that the quality of previous PD
experiences also appeared to be crucial, since teachers who attended successful PD activities
in the past maintained higher levels of motivation for engaging in new PD activities.
In summary, these findings suggests that more teaching experience might increase the
probability of non-participation in PD, and that positive early experiences of PD may buffer
this effect throughout the teachers’ career.

The qualification status of teachers has also been found to predict differences in their
participation in PD. Initial teacher training is considered a foundation that influences
teachers’ subsequent engagement with these activities, because teachers would uptake
PD that either enhances (i.e., inclination hypothesis) or completes (i.e., compensation
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hypothesis) the topics they learned before working in schools [18]. Nonetheless, using data
from TALIS 2013, Barrera-Pedemonte [32] reported that, in a number of countries, teachers
who did not complete the initial stage of teacher education participated comparatively less
in PD activities. Therefore, these results might question the compensation hypothesis, by
which the absence of initial preparation for the teaching career would motivate teachers to
take more PD opportunities (compared to their more prepared colleagues). Consequently,
based on the available international evidence, we would expect that teachers who had
completed such level of preparation would take more advantage of PD opportunities.

At the school level, the relationship between the teachers’ location, socio-economic
status (SES), and participation in PD has been widely reported [3,4]. Regarding school
location, the prevailing view is that opportunities for PD are less frequently offered in
rural areas than in urban areas. According to De la Vega Rodríguez [34], teachers in
rural zones face unique challenges often associated with geographical and bureaucratic
isolation, limiting access to adequate educational policies and chances for PD. In this line
of argumentation, Wolfenden et al. [35] argued that teachers living in rural areas meet
the meaningful limitations to uptake PD, such as poor internet connectivity, inadequate
infrastructure, and limited access to context-related PD content. Under these circumstances,
the contextual constraints observed in rural schools and the teachers’ lower participation in
PD would combine, shaping each other. In addition, Duk et al. [36] remarked that urban
contexts offer increased resources for PD, emphasizing the inequity across locations and
underscoring the relevance of designing situated and collaborative programs to maximize
the contextual adaptations of PD initiatives. Thereby, effective PD systems should prioritize
equity by integrating flexible, scalable, and ICT-mediated solutions that address the fact
that teachers in rural locations would be more likely to non-participate in PD.

In the case of schools’ SES, a common position is that teachers working in low socio-
economic areas are less likely to take up opportunities of PD than their colleagues in more
affluent schools [37,38]. However, recent analyses of international data [4] have revealed
that, in Chile, Israel, and Japan, teachers from schools with wealthier families attended
less PD activities than their colleagues from more deprived areas (only in Mexico was the
opposite found). Albeit, systematic non-participation in PD observed in low SES areas
might be interpreted as an effect of financial constraints that could be expected in their
schools [39], in high SES zones it would reflect the fact that PD is less necessary because
the students’ background becomes less demanding for the teachers [40]. All in all, both
interpretations reinforce the idea that the risk of non-participation in PD is conditional to
the schools’ location and SES because both conditions challenge teachers to adjust their
learning needs to each contextual specificity.

2. Materials and Methods
2.1. Datasets and Samples

The TIMSS is an international large-scale assessment conducted by the International
Association for the Evaluation of Educational Achievement. The present secondary data
analysis uses eighth grade national datasets from its 2011, 2015, and 2019 cycles, which
targeted all students enrolled in each country in the corresponding year of schooling
(13/14 years old). The TIMSS uses a two-stage stratified cluster sampling strategy: in the
first stage, each country randomly selected at least 150 schools from their national frames,
with probability proportional to their size; in the second stage, one or two intact classes
were sampled within each school. This procedure usually involves the participation of
more than 4000 students per country in each round of the TIMSS; in the 2011, 2015, and
2019 rounds, 79, 64, and 74 countries took part in the assessment, respectively [41–43]. We
focused our analyses only on the mathematics teachers of these students.
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The precision of the survey design of the TIMSS is sensitive to the non-participation
of schools and students on the day of the test. For this reason, the organizers set minima
for school, classroom, and student rates participation, regarding original sample sizes [41].
In order to correct for classrooms and students non-response, a set of sampling weights
are calculated in each cycle by the organizers [44]. As a result, there are specific weighting
factors for each student within each national dataset that informs his or her inverse proba-
bility of selection, with the necessary adjustments for nonresponse. In the present study,
we considered this feature of the sampling strategy to estimate the magnitude of teachers’
non-participation in PD, interpreted as the percentage of the grade eight students taught
by mathematics teachers who did not participate in these types of activities in the previous
two years before the assessment.

2.2. Variables

Data on the key variables of the present study were drawn from the Teacher Question-
naire and the School Questionnaire in the TIMSS; these instruments were administered to
every mathematics teacher and principal of the sample of students, respectively. Using the
questions designed to collect information about teachers’ preparation to teach mathematics,
we calculated appropriate versions of the dependent variable. For the TIMSS 2011, we
generated this variable for each teacher from their self-reported frequency of participation
in PD as indicated in the item presented in Figure 1 (BTBM29A to G in the 2011 TIMSS’s
dataset). The new variable was coded with a value of 1 if teachers responded “No” to all
lines, and 0 if they checked “Yes” in at least one of the options.

Sustainability 2025, 17, x FOR PEER REVIEW 5 of 18 
 

were sampled within each school. This procedure usually involves the participation of 
more than 4000 students per country in each round of the TIMSS; in the 2011, 2015, and 
2019 rounds, 79, 64, and 74 countries took part in the assessment, respectively [41–43]. We 
focused our analyses only on the mathematics teachers of these students. 

The precision of the survey design of the TIMSS is sensitive to the non-participation 
of schools and students on the day of the test. For this reason, the organizers set minima 
for school, classroom, and student rates participation, regarding original sample sizes [41]. 
In order to correct for classrooms and students non-response, a set of sampling weights 
are calculated in each cycle by the organizers [44]. As a result, there are specific weighting 
factors for each student within each national dataset that informs his or her inverse prob-
ability of selection, with the necessary adjustments for nonresponse. In the present study, 
we considered this feature of the sampling strategy to estimate the magnitude of teachers’ 
non-participation in PD, interpreted as the percentage of the grade eight students taught 
by mathematics teachers who did not participate in these types of activities in the previous 
two years before the assessment. 

2.2. Variables 

Data on the key variables of the present study were drawn from the Teacher Ques-
tionnaire and the School Questionnaire in the TIMSS; these instruments were adminis-
tered to every mathematics teacher and principal of the sample of students, respectively. 
Using the questions designed to collect information about teachers’ preparation to teach 
mathematics, we calculated appropriate versions of the dependent variable. For the 
TIMSS 2011, we generated this variable for each teacher from their self-reported frequency 
of participation in PD as indicated in the item presented in Figure 1 (BTBM29A to G in the 
2011 TIMSS’s dataset). The new variable was coded with a value of 1 if teachers responded 
“No” to all lines, and 0 if they checked “Yes” in at least one of the options. 

 

Figure 1. Item-responses on participation in professional development in the Trends in International 
Mathematics and Science Study (TIMSS) 2011 Teacher Questionnaire [45]. Source: TIMSS 2011 As-
sessment. Copyright © 2009 International Association for the Evaluation of Educational Achieve-
ment (IEA). Publisher: TIMSS & PIRLS International Study Center, Lynch School of Education, Bos-
ton College. 

The 2015 and 2019 TIMSS included an additional item to collect self-reported hours 
spent in PD (BTBM25 in 2015 and BTBM23 in 2019; see Figure 2); in these cases, we created 
the dependent variable for each teacher from their responses to these items, assigning a 

Figure 1. Item-responses on participation in professional development in the Trends in Interna-
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2011 Assessment. Copyright © 2009 International Association for the Evaluation of Educational
Achievement (IEA). Publisher: TIMSS & PIRLS International Study Center, Lynch School of Education,
Boston College.
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The 2015 and 2019 TIMSS included an additional item to collect self-reported hours
spent in PD (BTBM25 in 2015 and BTBM23 in 2019; see Figure 2); in these cases, we
created the dependent variable for each teacher from their responses to these items, as-
signing a value of 1 if they checked the circle “None”, and 0 if they selected any of the
remaining options.
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The variables hypothesized in the current study as predictors of teachers’ non-
participation in PD included the attributes of the teachers and the schools. At the teacher
level, these corresponded to job satisfaction, sex, teaching experience and completion of
initial teacher training:

• Job satisfaction: We used the continuous scales developed by the organizers of the
TIMSS to measure this predictor (BTBGTCS Teacher Career Satisfaction in 2011 [48];
BTBGTJS Teacher Job Satisfaction in 2015 [49] and 2019 [50]). These scales were
created using the Item Response Theory methods [51–53] based on either the teachers’
degree of agreement (2011) or the frequency they perceived (2015 and 2019) different
statements related to their satisfaction with several aspects of their work (for example,
“I am content with my profession as a teacher”). The Cronbach’s α for these scales
across countries ranged between 0.51 and 0.79 in 2011, between 0.85 and 0.95 in 2015,
and between 0.78 and 0.95 in 2019.

• Sex: We recoded the original variable (BTBG02 in 2011, 2015, and 2019) to assign the
value 1 to “Female” and 0 to “Male” teachers.

• Teaching experience: We used the original item (BTBG01 in 2011, 2015, and 2019) that
contained teachers’ numeric responses to the question “By the end of this school year,
how many years will you have been teaching altogether? Please round to the nearest
whole number”.

• Completion of the initial teacher training: We developed a new variable to identify
the teachers who finished a post-secondary education degree focused on mathematics
education. This variable was created by detecting teachers with the highest level
of formal education equivalent either to a ISCED Level 5A or higher (BTBG04 in
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2011, 2015, and 2019), and that the main area of study of that degree was either
“Mathematics” or “Education-Mathematics” (BTBG05 in 2011, 2015, and 2019). We
assigned a value of 1 in this new variable to teachers who complied with both attributes,
whereas a value of 0 corresponded to those who did not.

At the school level, predictors included principals’ reports on the type of immediate
area of the school’s location and its socio-economic status:

• School location: We used the original item (BCBG05B in 2011, 2015, and 2019) that
requested principals to indicate the option that best described the immediate area
where their school was located. Options included the following: 1 = “Urban–Densely
populated”; 2 = “Suburban–On fringe or outskirts of urban area”; 3 = “Medium size
city or large town”; 4 = “Small town or village”; 5 = “Remote rural”.

• Socio-economic status of school (SES): Finally, we used the original item (BCBG05C in
2011, 2015, and 2019) that collected principals’ reports on the average income level of
the school’s surrounding area (1 = “High”, 2 = “Medium”, and 3 = “Low”).

2.3. Analyses

We divided the analysis into three sequential phases with a focus on the countries
where non-participation in PD was comparatively important, and the set of hypothesized
predictors and interactions contributed to explain this problem. Firstly, we estimated the
magnitude of the dependent variable for all the educational systems that took part in the
2011, 2015, and 2019 mathematics Grade 8 TIMSS. Hence, we calculated the proportion of
non-participation within each national dataset as the percentage of the grade eight students
taught by mathematics teachers who did not take part in PD activities in the previous two
years. This analysis allowed the identification of countries with relevant proportions of
non-participation (equal to or greater than 19%) in at least one round of the TIMSS.

Secondly, we assessed the capacity of the set of predictors to account for the differences
in non-participation in PD (vs. participation) in each of the above-mentioned countries
using a series of logistic regression models (LR). LR is appropriate because it exploits the
odds of teachers who indicated lack of participation in PD, calculated as the proportion
between the number of such teachers and those who attended any type of PD. We modelled
within each country dataset the natural logarithm of such odds through a linear expression
based on an intercept and regression coefficients for parameters of interest [54,55]. This
statistical model served initially to check whether the odds of non-participation in PD (TPD)
were directly associated with the teachers’ job satisfaction (jobsat), sex, years of teaching
experience (exp), their status of completion of initial teaching training (ini), as well as the
location (loc) and SES of their schools. Accordingly, the form of the model at this stage was
as follows:

ln

(
Pr
(
TPDij = 1

)
Pr
(
TPDij = 0

)) = β0 + β1jobsatij + β2sexij + β3expij + β4iniij + β5locj + β6SESj∀k (1)

where i = Teacher i, j = School j, k = Country dataset k.
Thirdly, we performed two rounds of additional analyses to evaluate possible in-

teractions between the teachers’ job satisfaction and the school level predictors on non-
participation in PD. In the first round, we added to the model an interaction term to
specifically quantify the combined association between the schools’ location and the teach-
ers’ job satisfaction. Consequently, the model took the following form:

ln

(
Pr
(
TPDij = 1

)
Pr
(
TPDij = 0

)) = β0 + β1jobsatij + β2sexij + β3expij + β4iniij + β5locj + β6SESj + β7jobsatij×locj∀k (2)
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where i = Teacher i; j = School j, k = Country dataset k.
In the second round we focused on the interaction between the schools’ SES and the

teachers’ job satisfaction, thus the final form of the model was as follows:

ln

(
Pr
(
TPDij = 1

)
Pr
(
TPDij = 0

)) = β0 + β1jobsatij + β2sexij + β3expij + β4iniij + β5locj + β6SESj + β8jobsatij×SESj∀k (3)

where i = Teacher i; j = School j, k = Country dataset k.
In both rounds, the interaction terms were intended to determine whether the odds of

non-participation in PD were associated with differences in the teachers’ job satisfaction, or
fluctuated according either to the location (urban vs. remote rural) or SES of the schools
(high vs. low).

3. Results
We report the results in three sections: Section 3.1 addresses the proportion of non-

participation in PD in each country and cycle of the TIMSS; Section 3.2 illustrates the
capacity of the initial model to detect direct associations between the dependent variable
and the teacher and school level predictors; Section 3.3 describes cases in which the interac-
tions between job satisfaction and school level variables significantly explained teachers’
non-participation in PD.

3.1. Non-Participation in PD Across Countries in 2011, 2015, and 2019

Table 1 describes the estimated proportion of non-participation in PD in the twenty
countries with estimates over 19% in either the 2011, 2015, or 2019 TIMSS (school systems
were sorted in descending order according to the average proportion observed between
years). Most of these cases corresponds to European (Turkey, Norway, Hungary, Finland,
Romania, Italy, and Sweden) and Arab countries (Jordan, Morocco, Lebanon, the Syrian
Arab Republic, the Palestinian National Authority, Oman, and Bahrain), whereas other
regions remained underrepresented (Chile, Botswana, Armenia, the Republic of Korea, and
Malaysia). Overall, the table reveals that the non-participation of teachers in PD activities
slightly declined over the decade. For instance, the number of countries with relevant
proportions of non-participation amounted to 22%, 17%, and 16% of all the nations that
took part in each cycle, respectively. In this context, many of these countries reported a
clear downward trend in this indicator, including Jordan, Botswana, Finland, Sweden,
the Republic of Korea, Oman, Malaysia, and Bahrain. Furthermore, the estimated total
proportion of teachers reporting non-participation in PD decreased from 0.14 in 2011 and
0.15 in 2015 to 0.12 in 2019. In summary, these results indicate that non-participation in
PD, to some extent, reduced worldwide and, in particular, reduced among countries with
relevant magnitudes of this indicators.

In the majority of countries with relevant proportions of non-participation, however,
either there was no evidence of such decline or the downward trend did not drop below
0.19 by the end of the decade. To take the most striking example, teachers reported a sharp
increase in non-participation in Hungary (from 0.19 in 2011 to 0.26 in 2015 and 0.30 in 2019),
Romania (from 0.07 in 2011 to 0.29 in 2019), and Armenia (from 0.04 in 2011 to 0.42 in 2015).
In addition, the slight reduction observed throughout this period in Jordan, Botswana, and
Finland barely reached a third (0.32 in Botswana in 2015) or a quarter (0.26 in Jordan and
0.25 in Finland in 2019) of the surveyed teachers. Moreover, in countries such as Turkey,
Norway, Chile, Morocco, Japan, Lebanon, and Italy the levels of non-participation tended to
remain over the 0.19 threshold despite their different patterns of fluctuation. These results
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suggest that teachers report of non-participation persisted relevantly in all these countries
over the decade, thus the predictors of such proportions warrant further investigation.

Table 1. Proportion of non-participation in professional development.

Countries 2011 2015 2019

Turkey 0.33 (0.03) 0.52 (0.04) 0.39 (0.04)
Norway 0.48 (0.04) 0.28 (0.04) 0.32 (0.04)
Jordan 0.40 (0.04) 0.39 (0.04) 0.26 (0.04)
Chile 0.22 (0.03) 0.29 (0.04) 0.27 (0.04)

Hungary 0.19 (0.03) 0.26 (0.03) 0.30 (0.03)
Botswana 0.36 (0.04) 0.32 (0.04) n/a
Finland 0.50 (0.04) n/a 0.25 (0.03)
Morocco 0.19 (0.03) 0.47 (0.03) 0.34 (0.03)

Japan 0.16 (0.03) 0.26 (0.03) 0.21 (0.03)
Lebanon 0.16 (0.03) 0.24 (0.04) 0.20 (0.03)
Romania 0.07 (0.02) n/a 0.29 (0.03)
Armenia 0.04 (0.02) 0.42 (0.04) n/a

Italy 0.19 (0.03) 0.29 (0.04) 0.11 (0.02)
The Syrian Arab Republic 0.22 (0.04) n/a n/a

The Palestinian National Authority 0.21 (0.03) n/a n/a
Sweden 0.24 (0.03) 0.17 (0.04) 0.16 (0.03)

The Republic of Korea 0.23 (0.02) 0.16 (0.03) 0.13 (0.03)
Oman 0.20 (0.03) 0.13 (0.02) 0.12 (0.03)

Malaysia 0.30 (0.04) 0.08 (0.02) 0.04 (0.01)
Bahrain 0.22 (0.05) 0.12 (0.05) 0.01 (0.01)

Total 0.14 (0.01) 0.15 (0.01) 0.12 (0.01)
Notes. n/a = not applicable, the country did not take part in the corresponding cycle. Standard errors are depicted
in brackets. Source: made by the authors, based on the 2011, 2015, and 2019 TIMSS.

3.2. Predictors of Non-Participation in PD

Table 2 presents the estimation results of our initial LR model applied to each dataset of
the countries with relevant proportions of non-participation in PD. These results illustrate
for each nation and cycle the odds of non-participation in PD associated directly with
the teacher (job satisfaction, sex, teaching experience, and completion of initial teaching
training) and the school level variables (location and SES).

Table 2. Predictive results of non-participation in professional development.

Countries Variables
2011 2015 2019

β (SE) OR β (SE) OR β (SE) OR

Turkey

jobsat −0.06 (0.07) 0.94 −0.09 (0.08) 0.91 −0.11 (0.1) 0.9
sex 0.44 (0.3) 1.55 0.05 (0.29) 1.05 0.23 (0.35) 1.25
exp −0.04 (0.03) 0.96 0.02 (0.02) 1.02 0.01 (0.03) 1.01
ini −1.21 (0.55) * 0.3 −0.05 (0.71) 0.95 −2.47 (0.98) * 0.08
loc 0.3 (0.14) * 1.35 −0.13 (0.13) 0.88 −0.07 (0.17) 0.93
SES 0.08 (0.16) 1.08 0.22 (0.15) 1.25 −0.15 (0.18) 0.86

Norway

jobsat −0.05 (0.09) 0.95 0.08 (0.11) 1.08
sex −0.17 (0.33) 0.84 0.19 (0.35) 1.22
exp −0.02 (0.02) 0.98 0 (0.02) 1
ini 0.4 (0.37) 1.49 0.74 (0.51) 2.1
loc 0.31 (0.13) * 1.37 0.16 (0.13) 1.18
SES −0.04 (0.23) 0.96 −0.11 (0.24) 0.9

Jordan

jobsat −0.2 (0.08) * 0.82 −0.21 (0.09) * 0.81 −0.06 (0.1) 0.94
sex −0.64 (0.34) 0.53 0.28 (0.37) 1.32 −0.27 (0.38) 0.76
exp −0.01 (0.02) 0.99 −0.02 (0.03) 0.98 −0.02 (0.02) 0.98
ini −0.8 (0.55) 0.45 −0.57 (0.61) 0.56 −1.03 (0.52) * 0.36
loc 0.28 (0.14) 1.32 −0.1 (0.13) 0.91 0 (0.15) 1
SES −0.13 (0.16) 0.88 −0.01 (0.17) 0.99 0.32 (0.18) 1.37
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Table 2. Cont.

Countries Variables
2011 2015 2019

β (SE) OR β (SE) OR β (SE) OR

Chile

jobsat −0.18 (0.11) 0.84 −0.39 (0.15) ** 0.68 −0.19 (0.12) 0.83
sex 0.61 (0.43) 1.83 0.84 (0.52) 2.32 −0.12 (0.35) 0.88
exp −0.01 (0.02) 0.99 0.01 (0.02) 1.01 0 (0.01) 1
ini −0.47 (0.49) 0.63 −1.87 (0.71) ** 0.15 0.24 (0.64) 1.27
loc 0.15 (0.17) 1.16 −0.44 (0.22) * 0.65 0.12 (0.14) 1.13
SES −0.13 (0.17) 0.88 −0.01 (0.22) 0.99 −0.09 (0.14) 0.91

Hungary

jobsat −0.17 (0.11) 0.84 −0.11 (0.09) 0.89 −0.06 (0.07) 0.95
sex −0.44 (0.58) 0.65 0.09 (0.44) 1.1 −0.03 (0.33) 0.97
exp 0.05 (0.02) 1.05 0 (0.02) 1 0.01 (0.01) 1.01
ini −1.56 (1.24) 0.21 0.26 (1.29) 1.29 0.1 (0.82) 1.1
loc 0.53 (0.23) * 1.7 0.28 (0.18) 1.33 0.1 (0.13) 1.11
SES 0.23 (0.28) 1.26 0.04 (0.18) 1.04 0 (0.15) 1

Botswana

jobsat −0.04 (0.13) 0.96 −0.02 (0.14) 0.98
sex −0.41 (0.45) 0.66 0.49 (0.56) 1.63
exp −0.04 (0.05) 0.97 0.01 (0.04) 1.01
ini 0.06 (0.69) 1.06 0.13 (0.56) 1.14
loc −0.26 (0.19) 0.77 0.39 (0.26) 1.47
SES −0.14 (0.26) 0.87 −0.07 (0.28) 0.93

Italy

jobsat 0.08 (0.1) 1.08
sex −0.02 (0.49) 0.98
exp 0.02 (0.02) 1.02
ini −0.42 (0.39) 0.66
loc −0.09 (0.18) 0.91
SES 0.04 (0.22) 1.04

Finland

jobsat −0.03 (0.08) 0.97 −0.06 (0.07) 0.94
sex −0.29 (0.32) 0.75 −0.36 (0.26) 0.7
exp 0.01 (0.02) 1.01 −0.01 (0.01) 0.99
ini −0.13 (0.34) 0.88 −1.44 (0.26) *** 0.24
loc −0.06 (0.16) 0.94 0.12 (0.13) 1.12
SES −0.18 (0.24) 0.83 −0.09 (0.19) 0.91

Morocco

jobsat 0 (0.09) 1 −0.05 (0.12) 0.95
sex 0.04 (0.4) 1.04 0.89 (0.46) 2.45
exp 0.02 (0.02) 1.02 0.06 (0.03) 1.06
ini 0.08 (0.37) 1.08 0.44 (0.47) 1.55
loc 0.28 (0.17) 1.33 −0.04 (0.19) 0.96
SES −0.08 (0.19) 0.92 0.03 (0.23) 1.03

Japan

jobsat −0.02 (0.08) 0.98 −0.04 (0.1) 0.96
Sex 0.46 (0.35) 1.58 0.42 (0.4) 1.53
exp 0.02 (0.01) 1.02 0 (0.02) 1
ini −0.53 (0.44) 0.59 −1.45 (0.42) *** 0.24
loc −0.27 (0.19) 0.76 −0.23 (0.19) 0.79
SES −0.06 (0.24) 0.95 0.06 (0.23) 1.07

Lebanon

jobsat 0.08 (0.14) 1.09 0.17 (0.17) 1.19
sex −0.75 (0.54) 0.47 0.94 (0.46) * 2.57
exp 0.02 (0.03) 1.02 0.05 (0.02) * 1.05
ini 0.43 (0.84) 1.54 0.32 (0.46) 1.38
loc 0.02 (0.21) 1.02 0.14 (0.18) 1.15
SES −0.26 (0.21) 0.77 0.85 (0.3) ** 2.34

Notes. * p < 0.05, ** p < 0.01; *** p < 0.001. Source: made by the authors, based on the 2011, 2015, and 2019 TIMSS.

Regarding teacher level predictors, we firstly observed that wherever the completion
of initial teacher training was significantly related with non-participation in PD, it directly
contributed to lower proportions in the dependent variable. These were the cases for
Turkey in 2011 (OR = 0.30, 95% CI) and 2019 (OR = 0.08, 95% CI), Chile in 2015 (OR = 0.15,
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99% CI), Finland in 2019 (OR = 0.24, 99.9% CI), and Japan in 2019 (OR = 0.24, 99.9% CI).
In other words, the teachers from these countries who, by the time of the assessment, had
finished a postsecondary formal degree of teacher training with a focus in mathematics
education were less likely to neglect opportunities of PD. Closer examination revealed that
the chances of non-participation in PD (vs. participation) among these countries ranged
from −70% (Turkey in 2011) to −92% (Turkey in 2019), compared with colleagues without
this type of teacher education.

Likewise, the model showed that in some countries teachers’ job satisfaction also
linked directly with non-participation in PD. Take the case of Jordan in 2011 and 2015,
where the odds ratio for this teacher level predictor was 0.82 and 0.81 (95% CI), respectively,
indicating that, for each standard deviation increase in the level of satisfaction with their
job, the odds of non-participation in PD reduced by 18–19%. Similarly, such reduction
amounted to 32% in Chile in 2015 (OR = 0.68, 99% CI). These results suggest that teachers
with greater levels of job satisfaction were significantly less likely to waste chances to
participate in PD activities in both countries.

Interestingly, the teachers’ sex and experience were significantly associated with the
dependent variable only in one country and cycle: Lebanon in 2019. In this case, the odds
of non-participation in PD activities were 2.75 times higher for female teachers than for
their male colleagues (with a 95% confidence interval). In a similar vein, we noted that the
longer the experience of teachers, the greater the odds ratio for non-participation in PD
(OR = 1.05, 95% CI). Thus, both the sex and experience of Lebanese teachers in 2019 would
directly predict their chances to abstain from attending PD activities.

Considering the predictors specified at the school level in the model, we noticed in
some cases that the location was directly related with the teachers’ non-participation in
PD. On the one hand, this association significantly favored schools located in more rural
areas in Chile in 2015. In this case, results showed that the chances of non-participation
in PD reduced by 35% insofar as the level of rurality of the schools’ area was augmented
(OR = 0.65, 95% CI), suggesting that teachers in less urban schools were also less likely
not to participate in PD. On the other hand, we found the opposite pattern of results in
2011 for Turkey and Hungary, and in 2015 for Norway. To mention the cases of Turkey
and Norway, in both school systems, the odds ratio for non-participation in PD was
approximately 1.36 (95% CI); therefore, the chances of lacking opportunities to attend
PD activities increased by 36% for teachers working in more rural areas in both nations
(the corresponding percentage even amounted to 70% in Hungary (OR = 1.70, 95% CI)).
Consequently, these results indicate that the direct association between non-participation
in PD and school location does not always penalize teachers working in more rural schools.

Finally, the direct association between the schools’ SES and the dependent variable
was statistically significant only for Lebanon in 2019. In this case, the results indicated that
teachers who worked in schools located in more deprived areas were 2.34 times more likely
to report non-participation in PD activities than their colleagues in more affluent areas
(OR = 2.34, 99% CI). Hence, for the Lebanese teachers surveyed in 2019, the SES of their
school environment would significantly predict their opportunities either to participate or
not in PD activities.

3.3. Interaction Between Job Satisfaction and School Level Variables on Non-Participation in PD

Figure 3 illustrates the four cases where interactions between the teachers’ job satis-
faction and the variables at the school level (i.e., location and SES) significantly explained
non-participation in PD. Each graph shows the predicted probability of this outcome in
the vertical axis and the values of the job satisfaction scale in the horizontal axis. Colored
lines represent the two extreme values in each school level predictor: for location these
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corresponded to 1 = “Urban–Densely populated” (red color) and 5 = “Remote rural” (blue
color), and for SES lines represented 1 = “High” (red color) and 3 = “Low” (blue color). The
shaded areas depict 95% confidence intervals of estimation.
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Figure 3a shows that, in 2015 in Lebanon, the contribution of teachers’ job satisfaction
to non-participation in PD depended on the SES of schools (b = 0.4, SE = 0.15, p < 0.01).
Specifically, the teachers who worked in schools described by their principals as surrounded
by a low SES environment reported higher probabilities of lacking opportunities of PD than
colleagues in affluent SES areas. It is worth noting that, in wealthier schools, this probability
remained practically closer to zero regardless the magnitude of the teachers’ job satisfaction;
whereas, in schools located in deprived areas, this indicator ranged approximately from 11%
to 15% (interestingly, for these schools, the higher the teachers’ job satisfaction the greater
the probability of non-participation in PD activities). All in all, these results indicated
that, in this case, the association between the teachers’ job satisfaction and the dependent
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variable was significantly different for teachers who worked in schools located in high vs.
low SES areas.

In the following three cases we detected that the relationship between job satisfaction
and the dependent variable depended significantly on the location of the schools. First, we
found that, in Lebanon (Figure 3b) and Japan in 2015 (Figure 3c), the pattern of association
between this teacher level predictor and the probability of non-participation in PD was
significantly different for urban vs. rural schools (b = 0.25, SE = 0.12, p < 0.05). In both
cases, this interaction indicated that, for teachers who worked in schools located in remote
rural areas, the higher their job satisfaction the greater the probability of non-participation
in PD activities. Indeed, the graph shows a sharp rise in non-participation departing
from practically zero probability at the six points of the job satisfaction scale to nearly
50% and 65% of probability at the 12 points, respectively. Conversely, higher levels of job
satisfaction were associated with lower probabilities of non-participation in PD activities
for colleagues who worked in urban environments. To summarize, these cases indicated
that the relationship between the teachers’ job satisfaction and their probability of non-
participation in PD activities was contingent on the school location, and favored the teachers
in urban areas.

It is worth noting that we also evinced a more recent case where the interaction between
the teachers’ job satisfaction and the schools’ location on non-participation in PD was
statistically significant, and actually favored the teachers in remote rural schools: Norway
in 2019 (b = 0.25, SE = 0.12, p < 0.05). The interaction in this case showed that the positive
association between job satisfaction and the predicted probability of non-participation in
PD was reported amongst teachers from urban schools. On the contrary, greater levels of
job satisfaction were related with lesser probabilities of non-participation for teachers who
worked in remote rural environments. All in all, these three cases provided evidence for
the two opposite scenarios that the interaction between job satisfaction and school location
could take: in one situation, the link between satisfaction and non-participation in PD is
positive for teachers in remote rural school (e.g., Lebanon and Japan in 2015), and it is
negative in the other case (e.g., Norway in 2019).

4. Discussion and Conclusions
Teachers’ non-participation in PD activities surges stagnation in teaching practices,

widens gaps in student achievement, and represents a major challenge for several school sys-
tems. This highlights the importance of developing robust cross-national comparisons and
empirical analyses of school and teacher attributes that may prevent this outcome. We set
out to cross-nationally detect direct links between non-participation in PD and mathematics
teachers’ job satisfaction, sex, teaching experience, completion of initial teaching training,
as well as with the schools’ location and SES. In particular, we also examined the interaction
between job satisfaction and school level variables on the odds of non-participation in PD
within countries with relevant proportions of this indicator.

Using data from the 2011, 2015, and 2019 TIMSS cycles, we found that in different coun-
tries either teachers’ job satisfaction, sex, teaching experience, or their status of completion
of initial teaching training were significantly associated with the odds of non-participation
in PD. Completion of initial training showed the largest direct association with this outcome,
indicating that non-participation was almost two times smaller for teachers with formal
post-secondary education degrees in mathematics (compared with their colleagues without
this level of training). This finding was consistent with results reported in a number of
countries by Barrera-Pedemonte [32] using TALIS 2013 data, in which case, the teachers
who lacked initial qualifications attended less PD activities than their certified colleagues.
Consequently, our results partially contradicted the compensation hypothesis proposed by
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Richter [18], which projected that teachers with lower levels of initial preparation would
take more advantage of PD opportunities than their more qualified colleagues. This finding
also underscored the cardinal importance of adjusted PD systems for teachers without any
formal preparation to teach their subjects in the countries examined, thus PD may become
an effective mechanism to compensate for the probable lack of mastery in their teaching
knowledge, skills and practices.

In our study, we also found that in a number of countries mathematics teachers
with greater job satisfaction yielded lower odds of non-participation in PD than their less
satisfied colleagues. The results closely matched those obtained by Yoon and Kim [20],
using TALIS 2018 data from the United States, and Toropova et al. [23], using the TIMSS
2015 data from Sweden, which indicated that more satisfied teachers were more likely to
engage in PD activities, and also had a more positive perception of such experiences. This
seems to indicate that PD activities in these countries fairly represented a valuable resource
for teachers to sustain their work and maintain them in their careers over time. It is perhaps
not surprising that teachers who were more satisfied with their job put more interest in
avoiding knowledge obsolescence by taking more PD opportunities. Turning this around,
we can also say that countries with this pattern of results should undertake more specific
efforts to tailor PD programs targeted to less satisfied teachers. It is possible that, for such
teachers, PD should encompass additional motivational components, either intrinsic or
extrinsic, in order to reduce the odds of non-participation.

Our study also found that the schools’ location (urban vs. remote rural) signifi-
cantly conditioned the contribution of teachers’ job satisfaction to their probability of
non-participation in PD activities. Paradoxically, the evidence yielded two cases with oppo-
site patterns of results: in Norwegian remote rural schools in 2019, we detected a negative
link between job satisfaction and the probabilities of non-participation in PD (and positive
in urban schools); whereas, in Japan in 2015, the association was positive for this type of
school (and negative for urban schools). The disparity between the results might be firstly
understood in the context of the increased chances of non-participation in PD previously
observed in remote rural schools in Norway in 2015. One tentative proposal might be that
more satisfied teachers in this type of school responded favorably to the new decentralized
policies on PD enacted at the end of that decade [56]. By contrast, the case of Japan suggests
that teachers prefer urban schools to develop their careers [57], thus the rotation system
(known as tenkin, in Japanese [58]) has to ensure that every few years many teachers are
posted to rural areas [59]. Hence, it is possible that more satisfied teachers pursued more PD
opportunities in urban areas to improve their work opportunities, whereas those working
temporarily in rural schools preferred to pause participation during the time of that service.
All in all, both types of interactions between job satisfaction and school location on the
odds of non-participation in PD are likely to attest the effect of national teacher policies.

Finally, the case of Lebanon in 2019 concentrated multiple evidences of the direct
contribution of the teachers’ sex, experience, and the schools’ SES to the odds of non-
participation in PD. To be more precise, the results indicated that Lebanese female teachers
(2.75 times), as well as more experienced teachers (1.05 times), and those working in
schools located in deprived areas (2.34 times) were significantly more likely to report non-
participation in PD than their colleagues. Furthermore, this case confirmed the expected
interaction between the teachers’ job satisfaction and the two school level variables under
examination (i.e., location and SES). On the one hand, the results showed that, for Lebanese
teachers who worked in remote rural areas, the higher their job satisfaction the greater the
probability of non-participation in PD (whereas this link followed the opposite pattern in
urban schools). On the other hand, for teachers in low SES school areas, job satisfaction
was also associated with greater probabilities of non-participation in PD (whereas their
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colleagues in more affluent schools showed practically zero risk, regardless their level of
job satisfaction). These specific results provided support for the pessimistic scenario of the
Lebanese PD system depicted in the local literature, which has underlined the cumulative
negative effect of economic and political crises on teachers’ perception of the poor quality
of the PD available in the country [60–62].

As with all studies based on international large-scale surveys in education, the cross-
sectional nature of the data here analyzed strictly limits any causal interpretation of our
estimates on the predictors of non-participation in PD. Further empirical investigations
conducting either longitudinal or experimental designs remain necessary in this field
to shed more light on the extent to which non-participation in PD is contingent to the
attributes examined in our models. Further, it is worth remarking that the amount of error
in the odds ratios reported for Botswana, Italy, and Morocco precluded a rejection of the
null hypothesis in all the models’ predictors and across all the cycles with the available
data. This may indicate that none of these variables were significantly associated with
differences in teachers’ non-participation in PD in such countries. Since our model was
hardly conceptualized to detect universal predictors of non-participation in PD, further
research is necessary in these countries to examine the corresponding capacity of other
attributes of teachers, schools, and any other level of their school systems. In this regard,
it is worth highlighting that the analyses defined in our study were unable to include all
the possible reasons for non-participation in PD, particularly for cultural explanations that
may arise in cross-national comparisons of the data. Alternatively, our model is intended to
increase the current evidence with significant and meaningful links between the specified
predictors and the dependent variables as they could be detected in the data available in
international studies in education.

To conclude, our study underlined the importance of undertaking regular and re-liable
cross-national monitoring of teachers’ non-participation in PD by exploiting the dense
availability of international large-scale surveys in education. By pointing the magnitude
of this problem in national samples of mathematics teachers, this study also underlined
its negative implications for the quality of education in countries with higher rates of non-
participation. These include the increased obsolescence of teachers’ knowledge, outdated
pedagogical practices, and neglect for the known benefits of PD on students’ achievement
in mathematics. National teacher policies and innovative programs that take into account
the drivers of non-participation in PD may contribute to tackle these effects. To this end,
our conceptual model was able to detect throughout three cycles of the TIMSS (2011, 2015,
and 2019) direct and significant associations between the hypothesized predictors (both
at the teacher and school levels) and the odds of non-participation. Also, we provided
evidence on the opposite pattern of results that the interaction between job satisfaction and
school location can take across nations. In summary, this study illustrated the specific role
that attributes of teachers and schools can play in predicting the odds of non-participation
in PD in the great majority of countries with relevant proportions in this outcome.
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