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completing the program. They also raise important concerns about persistent weaknesses in participating teachers’ mathematical 
knowledge, particularly related to key areas of the curriculum. 
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Introduction 

International concerns about the prevalence of out-of-field teaching have prompted calls for more research on the 
issue, including research specifically focused on out-of-field mathematics teaching (Akiba et al., 2007). As defined by 
Ingersoll (2002), an out-of-field mathematics teacher is a qualified teacher who is teaching mathematics without the 
required expertise in mathematics content or mathematics-specific pedagogy. As concerns have grown, so have 
discussions about how to support these teachers (Goos et al., 2020; Hobbs, 2012; Ingersoll, 2001).  

In the Irish context, Ní Ríordáin and Hannigan (2011) revealed that, based on the Irish Teaching Council’s qualification 
requirements, 48% of Ireland’s secondary mathematics teachers were out-of-field. They also found that out-of-field 
teachers were primarily assigned to foundational courses and students with previously low achievement levels. In 
response to these findings, the Irish Government funded the establishment of the Postgraduate Diploma in Mathematics 
for Teaching (PDMT), a national, blended-learning professional development program designed to offer mathematical 
content and pedagogy for out-of-field mathematics teachers.  

The nationwide implementation of the PDMT and its cohort model provided a unique opportunity to examine the out-
of-field mathematics teachers’ knowledge development and professional growth over the course of the program. Given 
that most of the out-of-field teachers had limited studies of mathematics content and pedagogy in their initial pathway 
to teacher certification, Ní Ríordáin et al. (2017) began with an examination of the mathematical knowledge and 
confidence levels of these teachers prior to beginning the PDMT. Their findings showed that, upon enrolment in the 
program, the out-of-field teachers demonstrated weak proficiency levels and a high rate of conceptual errors with 
curriculum-aligned mathematical content. Using this as a baseline, the research reported here builds on the findings of 
Ní Ríordáin et al. (2017) with the aim of examining the impact of the PDMT on participating teachers’ mathematical 
knowledge and self-efficacy, both of which have been linked to teacher practice (Desimone, 2009; Goldsmith et al., 
2014; Sharplin, 2014). Researchers have identified mathematical knowledge as an influential factor in teachers’ 
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classroom practice (Lampert, 2001; Shah et al., 2019). They have also linked self-efficacy to a teacher’s willingness to be 
open to innovation, ability to effectively implement innovative practices, commitment to both incorporating and 
researching the effectiveness of innovative practices in their classrooms (Bitto & Butler, 2010). Accordingly, examining 
the impact of a professional development program on out-of-field teachers’ mathematical knowledge and self-efficacy 
can offer valuable information regarding the potential for such programs to appropriately support the development of 
out-of-field mathematics teachers.  

The PDMT 

The two-year PDMT was designed to focus on mathematical content knowledge, pedagogical content knowledge, and 
practitioner research. A consortium of three universities, nine institutes of technology, two teacher education colleges, 
and three local education centres used a blended-learning approach† to reach teachers throughout the country through 
a combination of ten mathematical content modules, five pedagogical workshops, and a summer institute. The ten 
content modules offered intensive studies of undergraduate-level mathematics over a six-week period. This included 
Calculus 1, Calculus 2, Calculus 3, Statistics, Probability, Geometry, Algebra 1, Algebra 2, Mathematical Modelling, and 
History of Mathematics. The content and sequence of these modules aligned with requirements set out by Ireland’s 
Teaching Council to ensure that participating teachers would complete the mathematical studies needed to qualify as a 
secondary mathematics teacher in Ireland.  

Teachers also completed five, full-day pedagogical workshops (held on Saturdays) and a week-long summer institute 
focused on contemporary issues in mathematics education and continued professional development through 
classroom-based action research. The pedagogy workshops focused on teaching Statistics, Probability, Geometry, 
Algebra and Number, and Calculus and Functions. They were strategically timed so that they were offered mid-way 
through the associated content modules. Additional details on the program structure and content are discussed in Ní 
Ríordáin et al. (2017) and Goos et al. (2020).  

The PDMT offers a unique example of a nationally delivered, government-funded and university-accredited program to 
upskill out-of-field mathematics teachers and accordingly provides a rich opportunity to research its development and 
impact. An associated program of research has centred on examining a number of key aspects relating to the PDMT. 
This has included an analysis of the critical aspects of a blended learning approach to delivering the PDMT and the 
distinct features that support its delivery (see Goos et al., 2020). It has also included work specifically focused on the 
impact of the workshops and summer institute on participating teachers’ pedagogical content knowledge, in which 
O’Meara and Faulkner (2021) reported increased use of more desirable teaching strategies such as active learning, 
group work, conceptual understanding of tasks and problem-solving tasks. These findings are consistent with an 
examination of the out-of-field teachers’ beliefs and practices through analysis of their action research papers 
submitted during the PDMT (Lane & Ní Ríordáin, 2020). Key findings reveal a prevalence of direct transmission or 
traditional teaching practices prior to undertaking the action research project and notable shift towards constructivist 
beliefs and practices post action research.  

Examining pedagogical aspects and associated beliefs is important. However, a large portion of the PDMT was 
specifically designed to develop out-of-field teachers’ mathematical knowledge. Adopting Lowrie and Jorgensen’s 
(2016) proposition that ‘PCK fever’ has emerged in relation to examining teacher knowledge at the expense of a 
‘silencing of content knowledge’, this study set out to examine the PDMT’s impact on critical areas of need for 
mathematical knowledge development for Ireland’s out-of-field mathematics teachers, as established by Ní Ríordáin et 
al. (2017), in alignment with Ireland’s curriculum for secondary mathematics.  

Also of note, despite the extensive areas of weakness identified in these teachers’ mathematical knowledge at the start 
of the program, they reported feeling somewhat to very confident in teaching all areas of the mathematics curriculum 
(Ní Ríordáin et al., 2017). As highlighted by Bitto and Butler (2010), this had the potential to be detrimental to their 
openness to innovation in their teaching. It also suggests a culture around out-of-field teaching that supports the belief 
that mathematics is a subject that can be taught well without needing any advanced studies in mathematics content or 
pedagogy in preparation for teaching – a stark contrast to the links drawn between knowledge and practice (Ball et al., 
2008; Ingersoll, 2001; Nixon et al., 2017; Shah et al., 2019). 

Using these initial findings as a baseline for both knowledge of and confidence with teaching the mathematics in the 
curriculum, the research presented in this paper set to answer the following question: In what ways, if any, has the 
PDMT impacted the development of out-of-field teachers’ mathematical knowledge and self-efficacy?  

The findings highlight both positive impacts of the PDMT and persistent challenges regarding the mathematical 
knowledge and self-efficacy of out-of-field mathematics teachers. These can help to better understand the professional 
learning needs and development of out-of-field mathematics teachers and inform design and implementation of future 
professional development programs (Ní Ríordáin et al., 2017). Therefore, findings, conclusions, and recommendations 
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are discussed with the intent of helping to direct continued conversations, research, and program development aimed 
at supporting out-of-field teachers.  

Examining teacher development 

There are well-established challenges in developing a model of professional development that matches the complexity 
of the process of teachers’ learning (Desimone, 2009). Multi-dimensional and multi-directional frameworks such as 
Clarke and Hollingsworth (2002) provide an iterative structure for examining teacher professional growth. However, 
as discussed in Hollebrands and Lee (2020), large-scale professional development with an online component, like the 
PDMT, can limit the feasibility of exploring impact beyond the external and personal domains.  

Although it is a more linear approach, the framework provided by Desimone (2009) invites researchers to focus on 
specific critical features of professional development, including a focus on content, active learning, coherence, duration, 
and collective participation. This framework also proposes that research on teacher learning focus on and establish 
connections between four key areas: (1) the professional development experience, (2) changes in practitioners’ 
knowledge and beliefs, (3) changes in instructional practice, and (4) improvements in student achievement. This paper 
offers results from one of a series of studies that span these four areas. Its examination of changes in out-of-field 
mathematics teachers’ knowledge and self-efficacy focusing on the second and third areas of this framework. This 
includes a combination of both tested and self-reported measures of knowledge development and self-efficacy linked to 
incorporation of newly learned strategies into their classrooms.  

Additional research has been conducted separately on the teachers’ experiences with the PDMT and its defining 
features, including its blended-learning model, content, delivery and practices. For example, Lane and Ní Ríordáin 
(2020) examined the action research reports produced by graduates and found evidence of teacher development in the 
form of a majority shift towards constructivist beliefs and practices. Goos et al. (2020) identify the professional 
development needs of out-of-field mathematics teachers and theorize the affordances and characteristics of effective 
blended learning programs to support such teachers and their needs.  

Mathematical knowledge 

In setting out to measure the program’s impact, the researchers were cognizant of documented difficulties in 
implementing deep change in teachers’ knowledge through professional development (Carney et al., 2016). While 
teacher learning has been shown to occur incrementally and iteratively, there have also been calls for more research 
with a stronger focus on teacher learning (Goldsmith et al., 2014). More specifically, there is a widely recognized need 
for continued exploration of ways to improve out-of-field mathematics teachers’ mathematical knowledge for teaching 
(MKT), which includes both subject matter knowledge and pedagogical content knowledge (Ball et al., 2008; Ní 
Ríordáin et al., 2017; Nixon et al., 2016; Sharplin, 2014).  

An array of theoretical frameworks concerning the knowledge required for teaching mathematics have been developed 
by key researchers in the area (e.g. Ball et al., 2008; Davis & Renert, 2013; Rowland & Ruthven, 2011; Tatto, et al., 
2012). Such models provide guidance for designing experiences that target teacher knowledge development (Chapman, 
2013), and particularly in this context, thinking about the development out-of-field mathematics teachers. Both the 
design of the PDMT and research on its impact (Ní Ríordáin et al., 2017) drew on the MKT framework offered by Ball et 
al. (2008), with a particular focus on specialized content knowledge (SCK). The pedagogical workshops and summer 
institute also reflected a focus on knowledge of content and curriculum (KCC) and knowledge of content and teaching 
(KCT).  

In designing this study, the researchers were aware of concerns raised about the challenges of measuring teacher 
knowledge (Fauskanger, 2015), but also of the established need for such work. While research has shown that direct 
measures of teachers’ mathematical knowledge growth can predict improved student achievement, there have been 
relatively few empirical studies focused specifically on quantitative measures of teachers’ knowledge development 
(Goldsmith et al., 2014; Hill & Ball, 2004). Ultimately, the researchers chose to measure teachers’ mathematical 
knowledge in close alignment with the Irish curriculum, a strategy that was informed by the work of Krauss et al., 
(2008) and Schmidt et al., (2008) in which measuring subject matter knowledge involves examining the mathematics 
content of the intended curriculum in a given context (Adler & Venkat, 2014).  

While the external influence of national policies regarding what mathematics is required to qualify as a secondary 
teacher shaped the content of the program, research has raised questions about whether advanced mathematics is 
really what teachers need to teach at the secondary level (Ball et al., 2008; Hill & Ball, 2004; Silverman & Thompson, 
2008). Given that all participants were teaching mathematics while completing the PDMT, the researchers chose to 
measure how effectively the PDMT’s undergraduate mathematics content could effectively address its teachers’ needs 
with regard to the content of the curriculum they teach.  

Ní Ríordáin et al.’s (2017) baseline measures showed plenty of room for growth with participating out-of-field teachers 
exhibiting low levels of proficiency with curriculum-aligned mathematical content and high occurrence rates for 
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conceptual errors and evidence of incomplete understanding prior to participation in the program. Despite research 
demonstrating the impact of teachers’ subject matter knowledge on their practice, there are surprisingly few studies 
specifically examining out-of-field mathematics teachers’ knowledge development, particularly through large-scale and 
long-term professional development programs. This study was designed to address this gap. 

Self-efficacy 

Notwithstanding a clear need for further research focused on mathematical knowledge development for out-of-field 
mathematics teachers, Chapman (2013) warns that exclusively focusing on a perceived “set of knowledge” (p. 238) can 
limit an important examination of other aspects of out-of-field teachers’ growth through professional development. 
Thus, considering other aspects, such as self-efficacy, can also be valuable. Bandura’s (1997) influential research 
provides an important understanding of the types and sources of self-efficacy and potential impact on teachers and 
their actions. It examines the impact of mastery experience, vicarious experience, social persuasion and affective states 
on cognitive, motivational, affective, and selection processes.  

The importance of teacher self-efficacy for practice is further supported by the research of Woolfolk discussed in 
Shaughnessy (2004) in which teachers with “a high sense of efficacy” and a willingness to act on it were “more likely to 
have students who learn” (pp. 156-157). Hattie (2012) points to collective teacher self-efficacy as having the greatest 
impact on student achievement when considered in conjunction with teacher practice. In particular, research has found 
that students of teachers in a given school who believe, as a whole that they can impact student knowledge, tend to be 
more successful (Goddard et al., 2000). In Ireland, out-of-field teaching is not limited to an individual teacher within a 
given school – rather a significant proportion of teachers teaching mathematics in any school are out-of-field. 
Therefore, a positive impact on the PDMT’s out-of-field teachers’ self-efficacy has the potential to widely enhance 
practice and student learning across classrooms as a collective within Irish secondary schools.  

In the context of this study, self-efficacy is examined from the perspective of teachers’ perceptions of their ability to 
both effectively teach the content of the mathematics curriculum (Carney et al., 2016) and incorporate new strategies 
into their practice. In the out-of-field context, when teachers are assigned to teach subjects which do not match their 
qualifications (Ingersoll, 2002), they must be provided with supports to help develop their competence and confidence 
in ways that can reduce the potential negative impact of their own limited mathematics education on their learners 
(Sharplin, 2014). In addition, several researchers have linked teachers’ self-efficacy with their openness to and 
persistence with incorporating new and innovative practices in their teaching (Bitto & Butler, 2010; Gabriele & Joram, 
2007). Therefore, it is particularly important to examine such concepts in relation to out-of-field teacher education 
(Hobbs, 2013), especially given the prevalence and complexity of the issue (Hobbs & Törner, 2019).  

Methodology 

Three instruments were used to collect both pre- and post-program data. An initial online survey was completed by 
participating teachers prior to enrolment to gather background information and self-reported confidence levels related 
to the content of the Irish curriculum (Ní Ríordáin et al., 2017). Then, a paper-and-pencil test designed to examine 
knowledge of mathematical concepts in the Irish curriculum was administered both prior to and upon completion of 
the program. A final online survey completed at the end of the program offered participants a chance to report their 
perceptions of the program’s impact on their mathematical knowledge development and self-efficacy.  

Paper-and-Pencil Test  

The conceptual framework for the Teacher Education and Development Study in Mathematics (TEDS-M) helped to 
inform item design for the paper-and-pencil test (Ní Ríordáin et al., 2017; Tatto et al., 2008). The test focused 
specifically on assessing specialized content knowledge (SCK) that was closely aligned with the Irish secondary 
mathematics curriculum (Ball et al., 2008; Krauss et al., 2008; Schmidt et al., 2008). Andrews (2011) endorses such 
alignment with the curriculum of the teachers in the study and/or the country in which the research is conducted. In 
this case, alignment of the Irish curriculum with the PISA mathematical framework also ensures a level of consistency 
with international expectations for what teachers must know to be able to teach secondary mathematics (Kirwan, 
2017; Merriman et al., 2014). Accordingly, all 24 items were designed to specifically measure knowledge of the content 
that an Irish mathematics teacher is required to teach (Ní Ríordáin et al., 2017).  

The test was piloted with a group of 28 preservice and practicing teachers. The results were then discussed in detail 
with these participants to ensure that they accurately captured their conceptions and ideas, both correct and incorrect 
or incomplete. This was also an important process for establishing the validity and reliability of this instrument. 

The test assessed concepts from all five strands of the Irish secondary mathematics curriculum prior to 2018‡ 
(Statistics and Probability, Geometry and Trigonometry, Number, Algebra, Functions) at two levels – Junior Certificate 
(JC) and Leaving Certificate (LC). The JC curriculum includes the first three years of post-primary education in Ireland. 
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The LC curriculum includes two additional years of secondary mathematics culminating in a terminal exam. Certain 
items were specifically designed to determine whether the teachers held common misconceptions that would make 
them more likely to allow such misconceptions to persist and go unaddressed in their classrooms. Others assessed the 
teachers’ ability to synthesise their knowledge across areas of the curriculum. Ní Ríordáin et al. (2017) provide further 
details regarding the instrument design. 

Each item on the paper-and-pencil test was scored twice. First, each item received what the researchers called a 
cognitive score, which indicated the degree to which the response to that item was correct. Each teacher also received 
an overall cognitive score – their total points earned across all items expressed as a percentage of the total possible 
points that could be earned on the test. This helped to give an overview of the teachers’ general proficiency with the 
content on the test.  

The cognitive scores for single items were also examined collectively to determine a proficiency rate for each item - the 
mean score for that item presented as a percentage of the total possible score. For example, a multiple-choice item 
(scored either 0 or 1) with an overall mean score of 0.68 would have a proficiency rate of 68%. An open-ended question 
(scored out of 3 possible points) with a mean score of 1.8 would have a proficiency rate of 1.8 out of 3 or 60%. While 
this is also known as item difficulty, the researchers chose to use the term proficiency rate to focus less on the item and 
more on participants’ proficiency with the mathematical content being assessed (Ní Ríordáin et al., 2017).  

The second scoring process analysed solutions to each item for evidence of incorrect or incomplete understanding of 
the relevant mathematical concepts to determine what the researchers called a conceptual score. This score considered 
the mathematical concepts involved in the teacher’s approach to completing a test item and then determined whether 
there was any evidence of an incorrect or incomplete understanding of each of these concepts. For each item, the 
concepts involved with the teacher’s chosen solution were given a score of 1 if there was evidence of an incorrect or 
incomplete understanding of that particular concept and a 0 if the item response offered no such evidence. So if a 
teacher’s chosen approach to completing an item involved 3 different concepts, they could earn a score for that item of 
either 0/3, 1/3, 2/3, or 3/3, with 0/3 indicating no evidence of incorrect or incomplete understanding of any of the 
concepts, 1/3 indicating some evidence of incorrect or incomplete understanding of one of the concepts, etc. 

Each participant was given an overall conceptual score, expressed as an occurrence rate for either conceptual errors or 
evidence of incomplete conceptual understanding. To account for different approaches to solving problems, a teacher’s 
conceptual occurrence rate was calculated based only on the number of concepts involved in his or her particular 
approach to finding solutions for test items. For instance, two teachers that approached the same item in different ways 
may have drawn on knowledge of a different set (and number) of concepts for their solutions. In this case, if each 
teacher had evidence of incorrect or incomplete understanding of one concept, but one teacher’s approach required 
knowledge of two concepts while the other’s approach required knowledge of four concepts, the first would receive a 
conceptual score of 1/2, while the second would receive a conceptual score of 1/4. 

While a mean overall occurrence rate was calculated for the cohort, mean occurrence rates for individual test items 
were not generally examined because the number of concepts required to solve each item varied from teacher to 
teacher based on their approach to finding a solution. Ní Ríordáin et al. (2017) offer a more in-depth discussion of this 
approach to scoring. Given that the cognitive scores are a measure of proficiency and conceptual scores reflect the 
occurrence of errors or evidence of incomplete understanding, a teachers’ knowledge of the mathematical concepts 
being tested was seen to have improved with an increase in their cognitive score and a decrease in their conceptual 
score. 

Separate scoring tools were used for the cognitive and conceptual scoring processes. Finalizing these scoring tools 
involved an iterative process in which two researchers scored batches of ten tests at a time, comparing their scores 
after each batch until a target agreement level was reached for each template. For the cognitive scoring template, there 
were 52 possible points. Of the 24 items, 14 were considered “debatable,” meaning they were open-ended items. These 
open-ended items were scored out of 3 possible points, while the remaining 10 multiple-choice items were either right 
or wrong and given a score of either 1 or 0, respectively. The researchers used an agreement percentage target of 86%, 
based on allowance of 2 discrepancies per test with a maximum rating difference for any single item of 1 point.  

In the conceptual scoring template, there were a total of 65 potential concepts across all items. For each concept, the 
researchers had to make a scoring decision - giving the teacher a 1 if there was evidence of incorrect or incomplete 
understanding of that concept, a 0 if no such evidence was present, and an NA if the teacher chose to complete the item 
in a way that did not require knowledge of that concept. So, even if a potential concept was not part of a teacher’s 
solution, the assignment of NA to that concept was considered a scoring decision. The researchers used an agreement 
percentage target of 95%, based on allowance of 3 discrepancies per test. 

The PDMT’s cohort model enabled a comparison of data collected from the paper-and-pencil test taken prior to 
beginning the PDMT with data collected from this same test taken two years later, upon completion of the program. The 
pre-test sample consisted of all teachers initially enrolled in the PDMT (n=280). The post-test sample included the 
teachers from this initial cohort that completed the program (n=249). Unique identifiers generated for all participants 



52  PAOLUCCI, NÍ RÍORDÁIN & O’DWYER / Out-of-Field Math Teacher Professional Development 
 

facilitated alignment between data collection instruments and the resulting pre- and post-program data. Response 
rates varied between pre-testing (n=202) and post-testing (n=131).  

To adjust for the lower post-test response rate, the researchers did two comparisons of pre- and post-test results. The 
first was a comparison of the full collection of pre- and post-tests (n=202,131). The second was a comparison of a 
subset of 80 of these participants for which the researchers could be sure that they had both pre- and post-tests. To 
address concerns about the relatively small size of this subset compared to the overall number of participants, the 
researchers compared the overall change in scores (from pre-test to post-test) for this subset of 80 participants with 
the overall change in scores for the complete set of pre-tests (n=202) and the complete set of post-tests (n=131). This 
was done to determine whether scores from the full set of pre- and post-tests could be considered representative of the 
findings for participants that we knew for sure took both the pre- and post-test. Table 1 presents both sets of results 
with values reported as percentages. 

Table 1: Cognitive score results for all teachers that took the pre-test (n=202) and all teachers that took the post-test 
(n=131) compared to teachers that took both the pre-test and post-test (n=80) 

 

Scores for all teachers that took the pre-test 
and all teachers that took the post-test 

Scores for teachers that took both the 
pre-test and post-test 

Pre-test Post-test 
Pre-test (n=80) 

Post-test 

(n=202) (n=131) (n=80) 

Mean Cognitive Score 34.6 46.1 37.7 48 
Standard Error 0.88 1.44 1.36 1.88 
Standard Deviation 12.5 16.5 12.2 16.8 
Minimum Cognitive Score 5.77 3.4 7.7 3.8 
Maximum Cognitive Score 69.2 90.4 69.2 90.4 
Standardized difference 0.81 0.7 

The pre-test to post-test improvements of 11.5 points and 10.3 points in the full sample and overlapping sample, 
respectively, correspond to effect size differences of 0.81 and 0.70 standard deviations. A paired samples test 
conducted with the overlapping samples showed that the 10.3 point difference between the pre- and post-test scores, 
95% CI [13.1, 7.7], was statistically significant, t(79) = 7.7, p < .001. The same was found to be true for the changes in 
conceptual scores, presented in Table 2. The pre-test to post-test conceptual score decreases of 9 points and 9.3 points 
in the full sample and overlapping sample, respectively, correspond to effect size differences of 0.66 and 0.65 standard 
deviations. A paired samples test conducted with the overlapping samples showed that the 9 point difference between 
the pre- and post-test scores, 95% CI [5.7, 12.2], was statistically significant, t(79) = 5.5, p < .001. Thus, with both 
samples showing statistically significant differences between the pre-test and post-test results, and such a small 
difference found when comparing the changes in mean scores between the full set and the subset, especially for the 
conceptual scores, the full pre-test sample and the full post-test sample will be used for all further discussion of the 
findings from the paper-and-pencil test.  

Table 2 : Conceptual score results for all teachers that took the pre-test (n=202) and all teachers that took the post-test 
(n=131) compared to teachers that took both the pre-test and post-test (n=80) 

  

Scores for all teachers that took the pre-test 
and all teachers that took the post-test 

Scores for teachers that took both the 
pre-test and post-test 

Pre-test Post-test 
Pre-test (n=80) 

Post-test 

(n=202) (n=131) (n=80) 

Mean Conceptual 
Occurrence Rate 

51.2 41.9 49.4 40.4 

Standard Error 1.01 1.23 1.48 1.62 
Standard Deviation 14.3 14 13.2 14.5 
Minimum Conceptual 
Occurrence Rate 

9.5 6.3 17 7 

Maximum Conceptual 
Occurrence Rate 

95.7 84.6 95.7 84.6 

Standardized difference 0.66 0.65 
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Online Surveys 
Participants were also asked to complete an initial online survey prior to beginning the PDMT and a final survey upon 
completion of the program. Unlike the pre- and post-paper-and-pencil tests, the initial survey and final survey items 
were not the same, but both surveys did elicit information regarding teachers’ self-efficacy and other dispositions. In 
particular, the final survey asked teachers to rate the impact of the program on their confidence in teaching the main 
concepts within each area of the curriculum. It also asked teachers to indicate the immediate impact and/or potential 
future impact of the PDMT on their classroom practice, including their mathematical knowledge, pedagogical choices, 
and overall improvement in teaching mathematics. 

The initial online survey focused primarily on teachers’ self-reported confidence levels with regard to teaching 
curricular content at both the JC and LC levels. Ní Ríordáin et al. (2017) explain that while the teachers’ self-reported 
confidence levels on the initial survey were high, a comparison with the initial paper-and-pencil test results revealed 
that high confidence levels did not necessarily mean strong content knowledge. In fact, some items revealed high 
confidence levels in teachers who also demonstrated erroneous or incomplete conceptual understanding of the content, 
including misconceptions commonly seen among mathematics students.  

Given this demonstrated unreliability of teachers’ self-reported confidence as a predictor of them having the content 
knowledge needed to teach the curriculum, the post-program survey focused on asking teachers to report any growth 
that they directly attributed to the PDMT. The items specifically asked about changes in their confidence with the 
mathematical content and their self-efficacy related to incorporating newly-learned strategies into their teaching and 
action research into their classrooms. As a result, discussion of the survey results will not attempt to draw comparisons 
between the initial survey and the final survey. Instead, it will primarily focus on the results of the final survey. Ní 
Ríordáin et al. (2017) offer a detailed discussion of the initial survey results which will be referenced where relevant in 
the interpretation of the findings.  

Despite the final survey and post-test being administered to the same sample of 240 teachers, the response rates 
differed with 125 teachers completing the online survey. Within these two subsets, only 57 of the teachers overlapped, 
meaning, they completed both the final survey and the post-test. While this was a disappointing result, the researchers 
still believe that it is valuable to discuss the survey results and will discuss them separately from the pre- and post-test 
results, and they will serve as a separate but related set of findings that offer the teachers’ perceptions of the impact of 
the program.  

Findings 

When considered in conjunction with the results of the pre-test, the results of the post-test and final survey each 
distinctly offer evidence of teacher growth and development resulting from the professional development program. 
However, the findings also raise some important concerns.  

Post-test results: Impact on teachers’ mathematical knowledge  

Comparing cognitive and conceptual scores from the paper-and-pencil test taken prior to enrolment in the PDMT with 
those from the same test administered at the end of the PDMT provides an opportunity to evaluate the program’s 
impact on the participating teachers’ mathematical knowledge. These cognitive and conceptual scores are presented in 
Tables 3 and 4, respectively.  

Table 3 : Comparison of pre- and post-test overall cognitive scores (values reported as percentages) 

  Pre-test (n=202) Post-test (n=131) 

Mean Cognitive Score 34.6 46.1 
Standard Error 0.88 1.44 
Standard Deviation 12.5 16.5 
Minimum Cognitive Score 5.77 3.4 
Maximum Cognitive Score 69.2 90.4 
Standardized difference 0.81 

Table 4 : Comparison of pre- and post-test overall conceptual scores (values reported as percentages) 

  Pre-test 
(n=202) 

Post-test 
(n=131) 

Mean Conceptual Occurrence Rate 51.2 41.9 
Standard Error 1.01 1.23 
Standard Deviation 14.3 14 
Minimum Conceptual Occurrence Rate 9.5 6.3 
Maximum Conceptual Occurrence Rate 94.7 84.6 
Standardized difference 0.66 
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Overall, the mean cognitive score increased by 11.5 percentage points and the occurrence rate of conceptual errors or 
evidence of incomplete conceptual understanding decreased by 9.3 percentage points. These results show 
improvement in this cohort of out-of-field mathematics teachers’ ability to correctly solve the mathematical questions 
contained in the test. The appearance of statistically similar changes from the paired samples t-test in the sub-sample 
for which pre-test and post-test scores were compared for the same set of participants (n=80) helps to address 
potential speculation that these changes should be attributed to attrition of weaker participants from the pre-test to the 
post-test (see Tables 1 and 2). Both the 10.3 point difference between the pre- and post-test cognitive scores (95% CI 
[13.1, 7.7], t(79) = 7.7, p < .001) and the 9 point difference between the pre- and post-test conceptual scores (95% CI 
[5.7, 12.2], t(79) = 5.5, p < .001) are statistically significant, with effect sizes corresponding to 0.81 and 0.66 standard 
deviations, respectively.  

Also notable is the fact that the highest cognitive score on the pre-test was 69.2%, and over 7% of participants that 
completed the post-test exceeded this previous maximum score, with two candidates earning a new high score of 
90.4%, an increase of over 20 percentage points.  

Despite these improvements, a mean cognitive score of 46.1% on a mathematical content test aligned with the 
curriculum these teachers are expected to teach is still very worrying when considering their effectiveness. Such a low 
achievement level on a content test is of particular concern when it persists even after the completion of a two-year 
program specifically designed to target the development of teacher knowledge. This presents a strong motivation for 
further analysis of the individual items to identify areas where gaps or errors in teachers’ knowledge seem to be most 
persistent (Tatto et al., 2008). Table 5 offers an overview of the changes in scores for each item. Tables 6 and 7 
contextualise these changes with details on which concepts were classified as cohort strengths and weaknesses upon 
completion of the PDMT (values are presented as percentages).  

Table 5 presents a range of changes in the cohort’s ability to answer particular test items, indicating varying impacts of 
the PDMT on the out-of-field teachers’ knowledge of particular curricular concepts. The largest change in proficiency 
rates was for the item on sequences and series. This has anecdotally been an area of the curriculum for which, in the 
past, students have entered undergraduate programs with very limited knowledge. Teachers’ avoidance of the topic is 
often cited as the reason, despite the fact that it has been assessed by the Leaving Certificate exam, Ireland’s terminal 
exam taken upon completion of secondary education. This offers an example of the importance of considering context 
in the design of professional development for out-of-field teachers, in order to maximize impact. Other variables, 
including feedback on the effectiveness of instructors for particular modules can also help to explain discrepancies in 
program impact across the curricular concepts.  

Table 5: Changes in proficiency rates for each item from pre-test to post-test 

Concept(s) 
Level: 
JC/LC 

Curriculum Content Strand 
Prof Rate 
Change 

Std Dev 
Change 

Writing an arithmetic expression for the terms in a 
sequence 

JC 
Algebra: Generating arithmetic 
expressions from repeating patterns 

+33.7 +23.0 

Count the number of ways to select r objects from n 
distinct objects 

LC (HL) Stats & Prob: Counting +24.0 +7.5 

Set Notation; Number system symbols (R, Q, Z, N) LC Number: Number Systems +21.0 +9.9 
Relationships between number systems JC Number: Number Systems +18.4 +4.8 
Count the arrangements of n distinct objects LC Stats & Prob: Counting +18.3 -16 
Differentiation LC Functions: Calculus +14.9 +10.3 
Graph of the function  ( )    ; Transformations 
 ( )   ; Graphs of inverse functions are reflections over 
   . 

LC Functions: Functions +13.4 +23.9 

Graphing functions and finding points of intersection on a 
graph (JC: linear,     LC:   ) 

JC/LC 
Functions: Graphing functions (JC); 
Functions (LC) 

+13.4 +12.1 

Properties of a Square; Applying Pythagoras’ Theorem; 
Operations w/ Surds 

JC 
Geo & Trig: Synthetic Geometry; 
Trigonometry 

+12.7 -1.8 

Mean vs. Median LC 
Stats & Prob: Representing Data 
Graphically 

+12.0 +2.7 

Finding the probability of equally likely outcomes 
(Gambler’s Fallacy) 

JC Stats & Prob: Probability +11.0 +1.8 

Interquartile Range LC 
Stats & Prob: Representing Data 
Graphically 

+10.0 +11.1 

Solve problems involving the angle between two lines LC (HL) Geo & Trig: Coordinate Geometry +10.0 +7.7 

Median LC 
Stats & Prob: Representing Data 
Graphically 

+9.0 +3.8 
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Table 5: Continued 

Concept(s) 
Level: 
JC/LC 

Curriculum Content Strand 
Prof Rate 
Change 

Std Dev 
Change 

Solve simultaneous equations with two variables and 
interpret results  

LC Algebra: Solving equations +7.6 +7.7 

Recognize a bijective function and find its inverse LC (HL) Functions: Functions +7.5 +5.5 
Solving problems involving shopping: per cent 
discount; Performing calculations with per cents 

JC Number: Applied arithmetic +5.4 +1.0 

Standard Deviation LC 
Stats & Prob: Representing Data 
Graphically 

+5.0 +1.0 

Mean vs. Median LC 
Stats & Prob: Representing Data 
Graphically 

+5.0 +0.5 

Properties and equations of a line: slope, x/y intercepts; 
Relationship between the slopes of parallel lines; 
Labelling axes w/ appropriate scales 

JC Geo & Trig: Coordinate Geometry +4.3 -1.9 

Making predictions about what comes next in a pattern JC 
Algebra: Representing situations with 
tables, diagrams and graphs 

+4.1 -1.6 

Associate derivatives with slopes and tangent lines  LC Functions: Calculus +2.0 -18.6 
Finding the probability of equally likely outcomes; 
Answering the question 

JC 
Stats & Prob: Probability;  
Synthesis & Problem Solving Skills 

+0.8 -3.5 

Classifying complex numbers: a+bi LC Number: Number Systems -1.0 -0.9 

While improvement in the proficiency rates for some items meant the cohort developed new strengths in their 
knowledge of mathematical concepts, for many items, the extent of the teachers’ initial weakness in a particular area 
meant that, despite notable improvement, continued development is still needed in that area. Tables 6 and 7 help to 
better position the changes in scores with further information on cohort strengths and weaknesses. In Table 6, as in Ní 
Ríordáin et al. (2017), concepts are identified as strengths if their proficiency rate is at or above 50%, because in the 
Irish system, a mark of 50% or higher qualifies as an honours distinction. Similarly, Table 7 identifies any item with a 
proficiency rate below 40% as a weakness, because in the Irish context, anything below 40% is not considered a 
passing mark. 

Table 6: Pre- and post-test proficiency rates for cohort strengths upon PDMT completion 

Cohort Strengths (based on cognitive proficiency rates of at least 50%) Pre-Test Post-Test 

Concept(s) Item 
Level: 
JC/LC 

Curriculum Content Strand 
Prof 
Rate 

Std 
Dev 

Prof 
Rate 

Std 
Dev 

Count the arrangements of n distinct objects 2a LC Statistics & Probability: Counting 69.0 43.3 87.3 27.3 
Making predictions about what comes next 
in a pattern. 

19a JC 
Algebra: Representing situations 
with tables, diagrams and graphs 

81.2 35.0 85.3 33.4 

Solving problems involving shopping: % 
discount; Performing calculations with per 
cents 

17 JC Number: Applied arithmetic 72.6 33.7 78.0 34.7 

Properties of a Square; Applying Pythagoras’s 
Theorem; Operations w/ surds 

9 JC 
Geometry & Trigonometry: 
Synthetic Geometry; Trigonometry 

57.6 35.0 70.3 33.2 

Finding the probability of equally likely 
outcomes 

2b JC Statistics & Probability: Probability 64.5 36.7 65.3 33.2 

Properties and equations of a line – slope, 
x/y intercepts; Relationship between the 
slopes of parallel lines; Labelling axes w/ 
appropriate scales 

11 JC 
Geometry & Trigonometry: 
Coordinate Geometry 

58.7 34.8 63.0 32.9 

Relationships between number systems 15 JC Number: Number Systems 37.6 35.6 56.0 41.4 
Count the number of ways to select r objects 
from n distinct objects 

1 
LC 
(HL) 

Statistics & Probability: Counting 24.0 42.7 50.0 50.0 

While comparison of pre-test and post-test scores shows improvement in the teachers’ ability to correctly answer all 
items in this collection of cohort strengths, the pre-test scores show that most of these items were already considered 
cohort strengths prior to enrolment in the PDMT. However, the final two items (concepts in number systems and 
counting) were originally considered cohort weaknesses. The substantial improvement in the cohort’s ability to answer 
these two items elevated them from a weakness to strengths, suggesting that the PDMT had an important impact on the 
out-of-field teachers’ knowledge of these concepts.  



56  PAOLUCCI, NÍ RÍORDÁIN & O’DWYER / Out-of-Field Math Teacher Professional Development 
 

It is also important to note that six of eight topics in this table involve Junior Certificate content, which is the level that 
out-of-field teachers are typically teaching. This suggests that experience with teaching the content prior to engaging in 
the program may have played a more significant role in some of these topics being strengths than the PDMT. This is not 
something that can be determined by the data collected in this study.  

Table 7: Pre- and post-test proficiency rates for cohort weaknesses upon PDMT completion 

Cohort Weaknesses (based on cognitive proficiency rates below 40%) Pre-Test Post-Test 

Concept(s) 
Ite
m 

Level: 
JC/LC 

Curriculum Content Strand 
Prof 
Rate 

Std 
Dev 

Prof 
Rate 

Std 
Dev 

Median 8 LC 
Statistics & Probability: 
Representing Data Graphically 

26.0 44.1 35.0 47.9 

Graph of the function  ( )    ; 
Transformations  ( )   ; Graphs of inverse 
functions are reflections over    . 

20 LC Functions: Functions 10.9 16.0 24.3 24.3 

Differentiation 21b LC Functions: Calculus 8.4 24.7 23.3 35 
Graphing functions and finding points of 
intersection on a graph (JC: linear,     LC:   ) 

22 JC/LC 
Functions: Graphing functions 
(JC)/Functions(LC) 

7.3 14.2 20.7 26.3 

Interquartile Range 6 LC 
Statistics & Probability: 
Representing Data Graphically 

8.0 27.1 18.0 38.2 

Solve simultaneous equations with two 
variables and interpret results  

23 LC Algebra: Solving equations 6.1 19.7 13.7 13.7 

Associate derivatives with slopes and tangent 
lines  

24 LC Functions: Calculus 9.0 29.3 11.0 10.7 

Classifying complex numbers: a+bi 14 LC Number: Number Systems 10.0 29.9 9.0 29.0 
Recognize a bijective function and find its 
inverse 

21a 
LC 
(HL) 

Functions: Functions 1.5 10.7 9.0 27.4 

Several of the items in Table 7 show improvement; however, the cohort’s persistent struggle with these items, even 
after completing the PDMT, highlights areas in which the program fell short of improving out-of-field teachers’ 
knowledge of important curricular concepts. For this finding, it is important to note that the Irish Teaching Council 
mandated that the PDMT include a sequence of undergraduate courses equivalent to the regular licensure 
requirements for a secondary mathematics teacher in Ireland. This meant that, although the instrument used to assess 
the teachers’ mathematical knowledge was closely aligned with the Irish secondary curriculum, the PDMT’s content 
modules was more closely aligned with the content of an undergraduate mathematics degree. Additionally, the 
prevalence of Leaving Certificate level topics on this list would seem attributable to the fact the they are higher-level 
concepts, but again, it may also be attributable to the fact that out-of-field teachers in Ireland are more commonly 
assigned to Junior Certificate classes and these teachers were less likely to have any experience teaching mathematics 
at the Leaving Certificate level.  

While changes in standard deviation are also apparent in both tables, discussion of the findings will focus primarily on 
overall changes in the proficiency rates rather than in the level of variance for these rates. While an analysis of changes 
in standard deviations would also support an interesting discussion, it is outside the scope of the analysis presented in 
this paper. 

Final survey results: Teacher-reported impact on knowledge development 

In addition to the paper-and-pencil test, an online survey item gave teachers an opportunity to rate the effectiveness of 
the program with regard to development of their mathematical content knowledge. Table 8 presents the percentages of 
teachers who reported that the program was either effective or very effective in supporting their development in the 
following ways: 

Table 8 : Program ratings for developing mathematical content knowledge 

Area of Development 
Percentage of teachers rating the program 

as either effective or very effective 
Development of mathematics content knowledge 72.1 
Understanding of relationships between mathematical concepts 62.4 
Ability to explain and communicate mathematical concepts 52.9 
Awareness and use of appropriate mathematical language 66.2 

When considered in the context of the results of the pre- and post- mathematical knowledge test, the increase in the 
mean overall cognitive score confirms the development reported by the teachers on this survey item. However, 
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persistent weaknesses in key aspects of the curriculum are still evident in the relatively low level of post-test cognitive 
achievement reflected in Table 7 and both the overall cognitive scores and conceptual occurrence rates presented in 
Tables 3 and 4.  

Final survey results: Teacher-reported impact on self-efficacy  

In addition to the perceived impact on teachers’ mathematical knowledge, the final online survey also asked teachers to 
evaluate how the program had impacted their confidence levels for teaching specific areas of the curriculum and their 
perceived improvement in teaching mathematics. For nine of the ten PDMT mathematics content modules, the 
percentage of participants indicating that the module had either some impact or a significant impact on their teaching 
was between 66.0% and 91.5%. The highest impact was attributed to the Statistics module, while the lowest module 
(and the one below 66%) was Calculus III. While this is encouraging, it also means that for some modules, over one 
third of the teachers that completed the survey felt that it had either a slight impact or no impact on their teaching. This 
was likely related to the perceived relevance and connection of the content to the secondary curriculum.  

This was further examined in another survey question that specifically asked the teachers about the program’s impact 
on their confidence in teaching each of the topic areas in the Junior Certificate and the Leaving Certificate curricula. 
While high confidence levels from the initial survey (Ní Ríordáin et al., 2017) were likely a factor here, the responses to 
this item still offer further evidence of issues with alignment of the mathematical development fostered by the PDMT 
and the teachers’ immediate needs related to teaching the content within their curriculum. Table 9 shows the topic 
areas within each strand of the curriculum for which more than 25% of the teachers who completed the survey 
indicated that they felt no more confident in teaching that particular area after completing the PDMT. 

Table 9: Topic areas for which over 25% of final survey respondents (n=125) felt no more confident teaching 

Strand  Junior Certificate  Leaving Certificate 

1: Statistics and 
Probability 

1 of 7 topic areas 0 of 7 topic areas 
1.1 Counting (26.2%)  

2: Geometry and 
Trigonometry 

3 of 4 topic areas 3 of 4 topic areas 

2.1 Synthetic Geometry (26.2%) 
2.3 Co-ordinate Geometry (26.2%) 
2.4 Trigonometry (27.7%) 

2.2 Co-ordinate Geometry (26.6%) 
2.3 Trigonometry (28.2%) 
2.4 Transformation Geometry,  
 Enlargements (28.2%) 

3: Number 

5 of 5 topic areas 4 of 4 topic areas 
3.1 Number Systems (29.0%) 
3.2 Indices (28.2%) 
3.3 Applied Arithmetic (25.4%) 
3.4 Applied Measure (31.5%) 
3.5 Sets (31.5%) 

3.1 Number Systems (27.2%) 
3.2 Indices (27.2%) 
3.3 Arithmetic (28.8%) 
3.4 Length, Area, Volume (27.42%) 
 

4: Algebra 

1 of 7 topic areas 4 of 4 topic areas 
4.7 Equations and Inequalities (26.7%) 4.1 Expressions (26.4%) 

4.2 Solving Equations (26.4%) 
4.3 Inequalities (26.6%) 
4.4 Complex Numbers (30.7%) 

5: Functions 0 of 2 topic areas 0 of 2 topic areas 

The percentage of participants indicating that the PDMT pedagogy workshops had either some impact or a significant 
impact on their teaching was between 76.6% and 79.8% for each of the five workshops. The online survey also 
considered the extent to which the program had motivated the teachers to incorporate new ideas or strategies into 
their practice. This aligns with the important link that Bitto and Butler (2010) draw between teachers’ self-efficacy and 
their willingness to consider and incorporate new ideas and practices into their classrooms. Of those who completed 
the survey, 41.9% reported having already used at least one strategy from the pedagogy workshops in their classroom, 
and 20.9% reported having already used several. An additional 25.6% indicated that, while they have not yet 
implemented any strategies from the pedagogy workshops, they plan to do so in the future.  

The survey found equally encouraging results regarding the aim of developing teachers’ capacity and willingness to 
conduct action research in their classrooms. Of those who responded, 83.9% said that the PDMT’s required action 
research project had either some impact or significant impact on their practice, and 82.8% indicated that they were 
open to incorporating research, likely to incorporate research, or had already incorporated research into their 
classroom as a result of the PDMT.  
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Discussion 

The post-test and final survey results offer evidence of some development in participating out-of-field teachers’ 
mathematical knowledge and self-efficacy over their two years in the PDMT. When combined with the fact that of over 
60% of participating teachers reported having already incorporated at least one, if not several strategies learned from 
the PDMT into their classrooms, the results are encouraging. At the same time, the findings also raise some important 
concerns about persistent weaknesses in participating teachers’ mathematical knowledge related to key areas of the 
Irish curriculum.  

These findings provide both motivation and guidance for reconsidering the PDMT content and highlight the critical 
need to ensure that professional development designed to support out-of-field teachers is tailored to their specific 
needs. This is important for both the overall structure and content of a program such as the PDMT and the specific 
concepts addressed within content modules. For instance, while there were full content modules in both probability 
and statistics, equating to 20% of the content focus, after completion of the PDMT, items assessing curriculum concepts 
in probability and statistics were both some of the cohort’s best answered items as well as some of the cohort’s worst 
answered items.  

Many factors influenced the development of the PDMT content, structure and delivery. Among these was the need for 
the program to align with the undergraduate mathematics requirements for secondary mathematics teacher licensure 
set by the Irish Teaching Council. This was to ensure that teachers who successfully complete the program are eligible 
to extend their existing teaching qualification to include mathematics. The resulting misalignment between the module 
content and the secondary curriculum is noted several times as a likely factor in why teachers’ scores in some areas 
were still worryingly low after completing the program. This, combined with some participants rating modules as 
having little to not impact on their confidence in teaching the secondary curriculum continues to fuel the debate over 
what mathematical content is actually needed to effectively teach mathematics (Ball et al., 2008; Ingersoll, 2001; Shah 
et al., 2019).  

The fact that the program was, in part, designed to match initial certification standards for mathematics teachers raises 
the question of whether standard undergraduate mathematics courses are really the type of content knowledge that 
teachers need to be prepared to teach the secondary curriculum. Particularly for the out-of-field teachers in this study, 
the results suggest that advanced mathematical studies similar to the content of an undergraduate degree did not 
adequately address the gaps in their knowledge of the mathematics in the curriculum they are not only expected to 
teach, but are currently teaching.  

While the literature presents compelling arguments for the importance of advanced mathematical studies in shaping 
future teachers’ conceptions about the subject (Paolucci, 2015), the pre-program survey showed that this particular 
population came into the program with high levels of confidence about their mathematical knowledge and ability to 
teach the subject (Ní Ríordáin et al., 2017). This likely limited their efforts to draw links between the advanced-level 
content in some modules and the mathematics in the curriculum that they teach. It is also likely why Calculus 3 was 
seen as the least valuable module in the program, given that it could easily be perceived as the most removed from 
secondary mathematics.  

Similarly, increases in teachers’ mathematical knowledge and self-efficacy along with self-reported impact on practice 
are positive outcomes; however, the notion of false confidence also requires further investigation in this context. This 
was initially noted in a disparity between high confidence levels reported on the initial online survey, and low 
achievement on the initial paper-and-pencil test (Ní Ríordáin et al., 2017). One limitation of the final survey is that the 
researchers cannot say whether some teachers’ reports of feeling no more confident teaching some areas of the 
curriculum after completing the PDMT is attributable to the fact that their confidence levels were already high in the 
beginning or that maybe these areas of the content were not well-addressed by the program. Some combination of 
these is also possible. Regardless, even though many teachers reported increased confidence in teaching areas of the 
curriculum and a willingness to employ innovative approaches to teaching these areas, their ability to do so will 
remain, to some extent, dependent on their mathematical knowledge (Desimone, 2009; Goldsmith et al., 2014).  

Conclusions 

Identifying specific content areas for which weaknesses in the teachers’ knowledge persisted is important for 
improvement of this particular professional development program; however, there are two broader, more widely-
relevant content-related conclusions for the design and delivery of professional development for out-of-field 
mathematics teachers. The first is that considering and incorporating context is particularly critical to the design of 
effective professional development for out-of-field mathematics teachers. In this case, context includes current 
attitudes and culture around teaching mathematics, the extent of the alignment or misalignment between teachers’ 
backgrounds and the content of the curriculum they are expected to teach, and the specific needs regarding 
development of mathematical knowledge that teachers bring with them into the program. While the content, structure, 
and delivery of professional development should be informed by relevant research and literature, as with Hobbs 
(2012) these findings offer evidence that creating and implementing a research-informed professional development 
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program without a context- and cohort-specific examination of the teachers’ needs will ultimately limit the 
effectiveness of the program.  

The second broad conclusion is that professional development content should be informed by the needs of the specific 
teacher cohort for which it is designed, and it should be continuously adapted to effectively target and address these 
needs, both prior to and during implementation. There was some room for adaptation of the PDMT from year to year; 
however, the relatively fixed model and content meant little scope for adapting it to specifically address some of the 
issues highlighted in the results of the pre-test which examined the teachers’ mathematical knowledge. This is also a 
limitation of efforts to provide large-scale solutions to addressing the needs of out-of-field mathematics teachers, even 
though out-of-field teaching is a large-scale issue (Hobbs, 2012). 

While Desimone (2009) identifies content focus as an important feature of professional development, consideration of 
the appropriate type and level of mathematical content becomes even more important when attempting to address the 
distinct needs of out-of-field teachers. Often, these teachers’ needs are shaped by the fact that they end up teaching 
mathematics because of external factors, not because mathematics is their subject of choice (Ingersoll, 2001; Shah et al., 
2019). This study demonstrates the difficulties in implementing deep change in teachers’ knowledge through 
professional development (Carney et al., 2016). It may also further support Goldsmith et al.’s (2014) conclusion that 
teacher learning occurs incrementally and iteratively. However, the most compelling conclusion seems to be that, 
whether it’s in the form of a domain of practice (Clarke & Hollingsworth, 2002) or a focus on coherence between the 
content of the school curriculum and mathematical content in the professional development (Desimone, 2009), if 
professional development for out-of-field teachers is not sufficiently grounded in their immediate needs and context, its 
impact on teachers’ development of the essential mathematical knowledge that they need to teach their curriculum on a 
day-to-day basis will be limited (Hobbs, 2012).  

Despite not being addressed in the initial survey, the teachers’ self-identified commitment to incorporating new 
teaching methods and action research in their classrooms seen in the final survey results is a positive outcome. When 
combined with the teachers’ rating of the effectiveness of the program with regard to improving their mathematical 
knowledge for teaching, the teachers seem to believe that they are better prepared. This reflects a positive impact on 
their self-efficacy (Bitto & Butler, 2010). Of course, when combined with the improvements seen in their test scores, we 
can indeed say that the program was effective in improving both their knowledge and their self-efficacy, with the caveat 
that for some areas of the curriculum, there is still a long way to go. 

When discussing self-efficacy, it is important to remember that this cohort of teachers came into the program feeling 
confident in their ability to teach most of what is in the curriculum (Ní Ríordáin et al., 2017). This is important for two 
reasons. The first is that those who already felt confident and may not have believed that there was substantial room 
for improvement were among those in the group that rated the program as effective or very effective in developing 
aspects of their mathematical content knowledge, including their understanding of relationships between mathematical 
concepts, their ability to explain and communicate mathematical concepts, and their awareness and use of appropriate 
mathematical language. This suggests that, at some point in the program, they recognised some room for growth. The 
second is that the prevalence of out-of-field teachers’ false confidence in their ability to teach mathematics highlighted 
by Ní Ríordáin et al. (2017) offers evidence of a larger cultural issue regarding dispositions toward the knowledge 
required to teach mathematics. The persistence of low achievement levels among these teachers when tested on 
mathematical knowledge critical to effectively teaching the curriculum is evidence of the need to shift this perception 
about who is “qualified” to teach mathematics and the critical need for professional development for out-of-field 
mathematics teachers.  

Recommendations 

Overall, the results highlight the complex challenges of out-of-field teaching and how much support these teachers need 
(Hobbs & Törner, 2019). Given the importance of teachers’ mathematical knowledge for teaching (Ball et al., 2008), 
they also demonstrate that further consideration must still be given to how out-of-field mathematics teachers are 
supported in developing their knowledge of mathematical content, particularly with regard to the curriculum that they 
are required to teach. The results of this study show the potential for a large-scale, blended-learning professional 
development program to positively impact the knowledge and preparation of out-of-field mathematics teachers. At the 
same time, they show the limitations of such a program, and have broader implications for contributing to the 
international conversation on the amount, level and type of mathematical content that should be required for teachers. 
The findings from this study provide an important confirmation of the need for such programs but that they must also 
be appropriate and suitable for the professional development needs of out-of-field mathematics teachers. 

Acknowledgement 

This research was generously supported by EPI∙STEM: National Centre for STEM Education, University of Limerick, 
Ireland.  



60  PAOLUCCI, NÍ RÍORDÁIN & O’DWYER / Out-of-Field Math Teacher Professional Development 
 

References 

Adler, J., & Venkat, H. (2014). Mathematical knowledge for teaching. In S. Leman (Ed.), Encyclopaedia of Mathematics 
Education (pp. 385-388). Springer Science + Business Media Dordrecht.  

Akiba, M., LeTendre, G. K., & Scribner, J. P. (2007). Teacher quality, opportunity gap, and national achievement in 46 
countries. Educational Researcher, 36(7), 369-387. https://doi.org/10.3102%2F0013189X07308739. 

Andrews, P. (2011). The cultural location of teachers' mathematical knowledge: Another hidden variable in 
mathematics education research? In T. Rowland & K. Ruthven (Eds.), Mathematical knowledge in teaching (pp. 99-
118). Springer.  

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What makes it special? Journal of 
Teacher Education, 59(5), 389-407. https://doi.org/10.1177%2F0022487108324554. 

Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. Freeman. 

Bitto, L., & Butler, S. (2010). Math teacher self-efficacy and its relationship to teacher effectiveness. Journal of Cross-
Disciplinary Perspectives in Education, 3(1), 40-45.  

Carney, M. B., Brendefur, J. L., Thiede, K., Hughes, G., & Sutton, J. (2016). Statewide mathematics professional development: 
Teacher knowledge, self-efficacy and beliefs. Educational Policy, 30(4), 539-572. 
https://doi.org/10.1177/0895904814550075. 

Chapman, O. (2013). Investigating teachers’ knowledge for teaching mathematics. Journal of Mathematics Teacher 
Education, 16(4), 237-243. https://doi.org/10.1007/s10857-013-9247-2. 

Clarke, D., & Hollingsworth, H. (2002). Elaborating a model of teacher professional growth. Teaching and Teacher 
Education, 18(8), 947-967. https://doi.org/10.1016/S0742-051X(02)00053-7 

Davis, B., & Renert, M. (2013). Profound understanding of emergent mathematics: Broadening the construct of teachers’ 
disciplinary knowledge. Educational Studies in Mathematics, 82(2), 245-265. https://doi.org/10.1007/s10649-012-
9424-8 

Desimone, L. M. (2009). Improving impact studies of teachers’ professional development: Toward better 
conceptualizations and measures. Educational Researcher, 38(3), 181-199. 
https://doi.org/10.3102%2F0013189X08331140 

Fauskanger, J. (2015). Challenges in measuring teachers’ knowledge. Educational Studies in Mathematics, 90(1), 57-73. 
https://doi.org/10.1007/s10649-015-9612-4 

Gabriele, A. J., & Joram, E. (2007). Teachers’ reflections on their reform-based teaching in mathematics: Implications for 
the development of teacher self-efficacy. Action in Teacher Education, 29(3), 60-74. 
https://doi.org/10.1080/01626620.2007.10463461 

Goddard, R. D., Hoy, W. K., & Hoy, A. W. (2000). Collective teacher efficacy: Its meaning, measure and impact on student 
achievement. American Educational Research Journal, 37, 479-507. 

Goldsmith, L. T., Doerr, H. M., & Lewis, C. C. (2014). Mathematics teachers’ learning: A conceptual framework and 
synthesis of research. Journal of Mathematics Teacher Education, 17(1), 5–36. https://doi.org/10.1007/s10857-
013-9245-4 

Goos, M., O’Donoghue, J., Ní Ríordáin, M., Faulkner, F., Hall, T., & O’Meara, M. (2020). Designing a national blended 
learning program for “out-of-field” mathematics teacher professional development. ZDM Mathematics 
Education, 52, 893–905. https://doi.org/10.1007/s11858-020-01136-y  

Hattie, J. (2012). Visible learning for teachers: Maximising impact on learning. Routledge.  

Hill, H. C., & Ball, D. L. (2004). Learning mathematics for teaching: Results from California’s mathematics professional 
development institutes. Journal for Research in Mathematics Education, 35(5), 330-351. 
https://doi.org/10.2307/30034819 

Hobbs, L. (2012). Teaching out-of-field: Factors shaping identities of secondary science and mathematics. Teaching 
Science, 58(1), 21-29.   

Hobbs, L. (2013). Teaching ‘out-of-field’ as a boundary-crossing event: Factors shaping teacher identity. International 
Journal of Science and Mathematics Education, 11(2), 109-132. https://doi.org/10.1007/s10763-012-9333-4. 

Hobbs, L., & Törner, G. (Eds.) (2019). Examining the phenomenon of “teaching out-of-field”: International perspectives on 
teaching as a non-specialist. Springer.  



 European Journal of Educational Research 61 
 

Hollebrands, K. F., & Lee, H. S. (2020). Effective design of massive open online courses for mathematics teachers to 
support their professional learning. ZDM Mathematics Education, 52, 859–875. https://doi.org/10.1007/s11858-
020-01142-0. 

Ingersoll, R. M. (2001). The realities of out-of-field teaching. Educational Leadership, 5, 42-45.  

Ingersoll, R. M. (2002). Out-of-field teaching, educational inequality and the organisation of schools: An exploratory 
analysis. University of Washington: Center for the Study of Teaching and Policy. 

Kirwan, L. (2017). Mathematics curriculum in Ireland: The ınfluence of PISA on the development of project 
maths. International Electronic Journal of Elementary Education, 8(2), 317–332.  

Krauss, S., Baumert, J., & Blum, W. (2008). Secondary mathematics teachers’ pedagogical content knowledge and 
content knowledge: validation of the COACTIVE constructs. ZDM: The International Journal on Mathematics 
Education, 40(5), 873-892. https://doi.org/10.1007/s11858-008-0141-9 

Lampert, M. (2001). Teaching problems and the problems of teaching. Yale University Press. 

Lane, C., & Ní Ríordáin, M. (2020). Out-of-Field Mathematics Teachers’ Beliefs and Practices: an Examination of Change 
and Tensions Using Zone Theory. International Journal of Science and Mathematics Education, 18, 337-355. 
https://doi.org/10.1007/s10763-019-09964-5.  

Lowrie, T., & Jorgensen, R. (2016). Pre-service teachers’ mathematical content knowledge: implications for how 
mathematics is taught in higher education. Teaching Mathematics and Its Applications, 35, 202-215. 
https://doi.org/10.1093/teamat/hrv008 

Merriman, B., Shiel, G., Perkins, R., & Cosgrove, J. (2014). Project Maths and PISA: Comparing the coverage of PISA 

mathematics items by the Project Maths and pre-Project Maths curricula. In E. McLoughlin & O. Finlayson (Eds.),  

Proceeding of SMEC2014 - Science and Mathematics Education Conference (pp. 155-161). Dublin City University & 

St. Patrick’s College. 

Ní Ríordáin, M., & Hannigan, A. (2011). Who teaches our students mathematics at post-primary education in 
Ireland? Irish Educational Studies, 30(3), 289-304. https://doi.org/10.1080/03323315.2011.569117 

Ní Ríordáin, M., Paolucci, C., & O' Dwyer, L. M. (2017). An examination of the professional development needs of out-of-
field mathematics teachers. Teaching and Teacher Education, 64, 162-174. 
https://doi.org/10.1016/j.tate.2017.02.001 

Nixon, R. S., Campbell, B. K., & Luft, J. A. (2016). Effects of subject-area degree and classroom experience on new 
chemistry teachers’ subject matter knowledge. International Journal of Science Education, 38(10), 1636-
1654. https://doi.org/10.1080/09500693.2016.1204482 

Nixon, R. S., Luft, J. A., & Ross, R. J. (2017). Prevalence and predictors of out‐of‐field teaching in the first five years. 
Journal of Research in Science Teaching, 54(9), 1197-1218. https://doi.org/10.1002/tea.21402. 

O'Meara, N., & Faulkner, F. (2021). Professional development for out-of-field post-primary teachers of mathematics: an 
analysis of the impact of mathematics specific pedagogy training. Irish Educational Studies, 40(2), 1-20. 
https://doi.org/10.1080/03323315.2021.1899026 

Paolucci, C. (2015). Changing perspectives: Examining the potential for advanced mathematical studies to influence 
pre-service teachers' beliefs about mathematics. Teaching and Teacher Education, 49, 97-107. 
https://doi.org/10.1016/j.tate.2015.03.002 

Rowland, T., & Ruthven, K. (2011). Mathematical knowledge in teaching. Springer.  

Schmidt, W. H., Houang, R., Cogan, L., Blömeke, S., Tatto, M. T., Hsieh, F. J., Santillan, M., Bankov, K., Han, S., Cedillo, T., 
Schwille, J., & Paine, L. (2008). Opportunity to learn in the preparation of mathematics teachers: its structure and 
how it varies across six countries. ZDM: The International Journal on Mathematics Education, 40(5), 735-
747. https://doi.org/10.1007/s11858-008-0115-y 

Shah, L., Jannuzzo, C., Hassan, T., Gadidov, B., Ray, H. E., & Rushton, G. T. (2019). Diagnosing the current state of out-of-
field teaching in high school science and mathematics. PLoS ONE, 14(9), 1-12. 
https://doi.org/10.1371/journal.pone.0223186 

Sharplin, E. D. (2014). Reconceptualising out-of-field teaching: Experiences of rural teachers in Western Australia. 
Educational Research, 56(1), 97-110. https://doi.org/10.1080/00131881.2013.874160 

Shaughnessy, M. F. (2004). An interview with Anita Woolfolk: The educational psychology of teacher efficacy. 
Educational Psychology Review, 16(2), 153-175. https://doi.org/10.1023/B:EDPR.0000026711.15152.1f 



62  PAOLUCCI, NÍ RÍORDÁIN & O’DWYER / Out-of-Field Math Teacher Professional Development 
 

Silverman, J., & Thompson, P. W. (2008). Toward a framework for the development of mathematical knowledge for 
teaching. Journal of Mathematics Teacher Education, 11(6), 499-511. https://doi.org/10.1007/s10857-008-9089-5 

Tatto, M. T., Schwille, J., Senk, S., Ingvarson, L., Peck, R., & Rowley, G. (2008). Teacher Education and Development Study 
in Mathematics (TEDS-M): Policy, practice, and readiness to teach primary and secondary mathematics: Conceptual 
framework. Teacher Education and Development International Study Center, College of Education, Michigan State 
University. 

Tatto, M. T., Schwille, J., Senk, S. L., Ingvarson, L., Rowley, G., Peck, R., Bankov, K., Rodriguez, M., & Reckase, M. (2012). 
The Teacher Education Study in Mathematics (TEDS-M): Policy, practice and readiness to teach primary and 
secondary mathematics (Findings from the IEA study of the mathematics preparation of future teachers). 
International Association for the Evaluation of Educational Achievement.  

 

 


