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What beliefs and perceptions about mathematics do individuals hold, 
and how do they affect their learning and teaching? The Fall 2023 edition 
of the Journal of Mathematics Education at Teachers College presents three 
research papers that delve into these questions in distinct contexts. The 
two following short reports carry on the theme through to teaching arith-
metic, one from a historical perspective and the other from a classroom 
teacher’s perspective.

Parker-Holliman and Maina open this issue by investigating the lived 
experiences of Black girls in accessing advanced secondary mathemat-
ics courses while in middle school. Through qualitative methods, the 
research highlights the impact of their perceptions of societal messaging 
and identifies protective factors that empower them against the odds.

Transitioning toward pre-service teachers’ beliefs, Phelps-Gregory et al. 
explore the definitions of good teaching and learning. This qualitative 
case study reveals the diverse beliefs held by elementary pre-service 
teachers, shedding light on the complexity of their beliefs while pro-
viding insights into how their beliefs relate to their self-efficacy and 
teacher efficacy.

Tsami et al. provide a quantitative report from Greece on gender-based 
differences in student perceptions around the use of educational technol-
ogy. It examines college students' perceptions regarding their compre-
hension and performance in learning probability theory.
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Introduction

This study aimed to seek a deeper understanding of 
how messages, relationships, and real-life experiences 
contribute to the empowerment, self-consciousness, and 
self-efficacy of middle school Black girls who partici-
pated in advanced mathematics coursework. This study 
examined how micro-messages are delivered intention-
ally through society and impact students’ academic tra-
jectories. Micro-messages are small and semi-conscious 
messages that become apparent in daily interactions, 
conversations, and instruction. Delivered when inter-
acting with others, micro-messages are presented in 
five forms that include facial expression, tone of voice, 
hand gestures, choice of words, and eye contact; these 
messages can exude either a negative or positive conno-
tation and shape every relationship, allowing educators 

ABSTRACT  Black girls are marginalized and often experience barriers to accessing advanced 
mathematics, which affects their socialization and identity. Little is known about the experiences 
of Black girls who have gained access to advanced mathematics programs. The participants in 
this study were 11 middle school Black females enrolled in advanced mathematics, a course 
with a curriculum at a higher grade level and a faster pace compared to their same-age peers. 
Using a qualitative methodology, we use collective memory writings, individual and focus group 
interviews, and the researcher’s journal data to examine how girls’ perceptions of societal messages 
work to impact and empower Black girls enrolled in advanced mathematics coursework and 
extend current research on this topic. We conclude that Black girls have various protective factors-
-innate characteristics that yield positive outcomes, influencing their self-efficacy. The themes 
uncovered as a result were that Black girls are motivated by engaging in valuable mathematics that 
is meaningful to them; their perceived mathematical identity represents a protective factor. This 
research study illuminates that Black girls are brilliant, but only those with prominent protective 
factors are often recognized in educational institutions for their merit.

KEYWORDS  Black, girls, advanced, mathematics, identity, protective factors 

Protective Factors that Yield Empowerment  
for Black Girls’ Mathematical Brilliance

1

to either damage student relationships or forge better 
ones (Young, 2016b). Brilliance is used as an anchor to 
illuminate resiliency among Black girls as they endure 
and overcome obstacles along their educational journey. 
Martin (2018) argues that we initially begin asserting 
that Black children are brilliant, not as a conjecture but 
as a self-evident starting point, logical statement, and 
axiomatic truth. Resilience refers to coping and return-
ing from all challenges (Tugade & Fredrickson, 2004). 

The challenges and struggles often encountered by 
Black females as learners and doers of mathematics have 
taken on many descriptive terms in education. Explicit-
ly referring to the mathematical challenges experienced 
by Black female students, one must consider the mar-
ginalization due to the intersections of gender and race 
(Evans-Winters & Esposito, 2010; Young, 2016; Young 
et al., 2017). Consider coupling this marginalization 
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with other transitional factors middle school students 
confront in adolescence. The multifaceted experiences 
of racism and sexism of being Black and female in the 
mathematical sciences have been described as “dou-
ble-blind,” “double disadvantage,” “double and multi-
ple jeopardies,” and “gendernoir” (O’Brien et al., 2015; 
Young et al., 2017; Hotchkins, 2017). 

Students are equipped with protective factors that 
are linked to their identities. Protective factors for ado-
lescents are the feelings of belonging or being connected 
to a school and are advantageous when students have 
positive and successful interactions with peers and 
teachers (Catalano et al., 2004). These factors include 
academic, emotional, and mental support and connect-
ing with peers as friends. These protective factors are 
essential to the child’s well-being and academic trajec-
tory during adolescence (Center for the Study of Social 
Policy, 2023). Protective factors are the mechanisms that 
allow people to be resilient despite adverse circum-
stances in their lives. These constructs, considered attri-
butes, are shaped by their experiences in educational 
settings and the greater community in which they live. 
Direct or subtle messages in learning communities can 
either work to build students up as confident learners or 
tear them down, contributing to feelings of despair and 
discouragement related to mathematics. 

The brilliance and resilience of Black girls in this 
study are examined through the lens of their protective 
factors. Protective factors, both internal and external, 
work as the strengths of individuals and their commu-
nities that mitigate risks and are characterized to con-
tribute to healthy and positive development (Center for 
The Study of Social Policy, 2023). We often see them as 
attributes that help students navigate difficult situations 
successfully. “The protective factor model suggests that 
promotive assets or resources modify the relationship 
between a risk and promotive factors and outcomes” 
(Zimmerman, 2013, p. 382). This research examines 
barriers that impact Black girls along their educational 
journey. We desire to amplify Black girls’ voices to share 
how they overcame obstacles and persist with superior 
achievement and consistent success. 

Literature review

McGee and Pearman (2014) examine protective factors 
in two categories. The internal factors are associated 
with intrinsic motivation, strategic agency, and drive; 
external influences mediate internal drive. External 
factors refer to a more resource-oriented outcome. 
These external factors include support of solid family 
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socialization, community support of education, and 
early at-home mathematical development. This study 
focused on Black girls in an advanced math program 
to identify the protective factors that supported their 
academic success. This success extends from their home 
environments and contributes to their mathematical 
performance. 

Berry (2008) investigated the protective factors for 
middle school Black males. He identified five themes 
that support Black middle school male students' 
achievement in mathematics: (a) successful early edu-
cational experiences in elementary school that worked 
to circumvent potential problems common among Black 
boys, (b) identification of academically gifted abilities 
by the school staff with advocacy efforts from their par-
ents, (c) active support systems, (d) self-identification 
as a good mathematics learner, and (e) identities asso-
ciated with other non-academic activities. With these 
supports, he argued, African American middle school 
males are more likely to succeed in navigating urban 
education systems.

On the other hand, black girls’ challenges in math-
ematics education have multiple layers, more so than 
Black boys, offering a lens into their reality of oppressive 
sexism and racism. The literature suggests emerging 
themes of unpacking stereotype threat and addressing 
bias and subtle messages, such as micro-messages, that 
accompany high levels of learning. 

Stereotype Threat
Steele (1997) mentions that schooling experiences for 
Black and white children appear to be the same in cur-
riculum and instruction. However, it encourages us to 
consider how these two racial student groups may still 
experience the classroom so differently that Black chil-
dren’s schooling experience impacts their achievement 
significantly. Social-psychological threats exist in class-
rooms that negatively judge groups of students and 
cause unjust treatment to them. These “threats in the 
air” are stereotypical and exist as situational threats that 
work to impact group members negatively. In the school 
environment, groups can fear being diminished by the 
stereotypes imposed on them, causing a self-threaten-
ing disposition that hampers their achievement. 

Steele shares that stereotype threat is a situational 
pressure that affects a sub-portion of the stereotyped 
group. He finds that in schools, this threat often affects 
the more confident students in each subgroup, making 
stereotype threat more opposing to students who are 
high achievers or performers compared to others. Stereo-
type threat affects intellectual performance, especially 



competence, culture, community, and communication. 
Findings suggest that Black girls want to be included 
in rich and rigorous mathematics learning, and when 
they receive high expectations, they work toward them. 
The participants sought opportunities to communi-
cate about challenging mathematics and desired to be 
acknowledged with micro-affirmations for their success. 
This study sought to establish sources of “agency and 
validation for students of color” (Covington Clarkson & 
Contreras Gullickson, 2020, p. 65) while opposing white 
normed constructs. Encouraging and mentorship sup-
port Black girls while navigating the racial and social 
issues in mathematical spaces.

Research Questions
This study centered on seventh and eighth-grade mid-
dle school Black girls aged 11-13, enrolled in advanced 
mathematics, Algebra I, a high school mathematics 
course designed for ninth-grade students. The follow-
ing questions guide this study: 
1)	 How do intrinsic and extrinsic factors affect Black 

middle school girls’ performance in advanced 
mathematics classes?

2)	 How do societal messages about Black girls' and 
their mathematics abilities impact them, and how do 
they combat damaging stereotype threats?

Methodology

This study was conducted at Katherine Johnson Middle 
School – KJMS (pseudonym), located in the southern 
region of the United States. We chose this site to conduct 
this study since it was the most significant urban middle 
school in the state where the lead researcher resided and 
enrolled the highest number of students. We wanted to 
attract as many diverse potential participants as possi-
ble. The sixth to eighth-grade population at the research 
site was approximately 1,764 middle school students, 
with 930 students enrolled in seventh to eighth grades. 
Among the population, 150 students were enrolled in 
Algebra I, the most advanced course available. Of the 
150 students enrolled, 23 students self-identified as 
Black and female. 

Participants
Black girls enrolled in Algebra I as middle school stu-
dents were the most suitable for this research study 
because they met the following criteria: 1) mathemat-
ical advanced placement, 2) race identity as Black, and 
3) gender designation as female. The mathematics 
placement criteria required students to be slated for 
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among women. His studies examine mathematics and 
suggest women experience society-disseminated stereo-
type threats associated with their mathematics ability 
in mathematics-performance environments. This stereo-
type confirming implication threatens their belonging-
ness and acceptance in mathematics spaces. Although 
men could be equally threatened, women carry addi-
tional pressure given the historical stereotype confirma-
tions in our society related to women’s roles and their 
capabilities or the lack thereof related to their abilities 
in science, technology, engineering, and mathematics. 

McGee and Martin (2011) define stereotype threat as 
a “type of confirmation bias in which the threat of being 
viewed through the lens of a negative stereotype sup-
presses academic performance among Black students at 
all academic levels” (p. 1348). McGee and Martin (2011) 
used the personal narratives of 23 high-achieving Black 
college students to provide insight and detail into the 
outcomes of stereotyping. The narratives provided 
feedback on Black peoples’ innate ability to perform at 
high levels in mathematics. Further, McGee and Mar-
tin (2011) remind us that students recognize that ste-
reotypes exist in schools and classroom contexts. The 
participants in this study felt a need to justify that they 
were not constantly mathematically inferior. Although 
stereotypes significantly impact the students who expe-
rience them, it is essential to realize that in this study, 
the participants’ constant exposure to negative cultur-
al views of Black learners’ ability in mathematics con-
tributed to a pattern of resilience that worked to assist 
them in being powerful beyond belief amid discourag-
ing messages of inequity. Over time, the participants 
managed stereotypes by incorporating their complex 
protective tactics and unique identities, which helped 
them deal with the burden of functioning in a radically 
stressful and frequently emotionally debilitating envi-
ronment. This study revealed that the participants were 
vigilant to verify these stereotypes as wrong, served as 
role models and mentors to their Black peers and family 
members, and always felt pressure to be competent in 
their studies. 

Bias and Subtle Messages
According to Covington Clarkson and Contreras Gul-
lickson (2020), Black girl magic in the media is ubiqui-
tous, establishing a positive narrative for Black women 
with a history of curriculum, societal, and career mar-
ginalization. They encourage us to initially work to 
understand Black females’ challenges to examine how 
they break through barriers. This qualitative study 
revealed themes of confidence, notions of connection, 



or enrolled in Algebra I before or during their eighth-
grade school year. 

Among the 23 students eligible for the study, 11 
agreed and provided appropriate permissions to 
engage in this study. All eligible and willing stu-
dents were invited to participate. The 11 participants 
(denoted by pseudonyms) were Alexandria, who was 
in seventh-grade and considered twice accelerated in 
mathematics since she was a seventh-grade student tak-
ing a ninth-grade mathematics course; musically talent-
ed Allison; Aaliyah, who has a passion for social action 
related to race and gender; Amari, who uses technology 
to assist her in learning when it becomes difficult; Eliz-
abeth, an energetic seventh-grade student who enjoys 
engaging in art and music; Kayla, an inter-district stu-
dent who travels from a nearby city to attend school 
and intrinsically motivated, introverted, and reserved; 
May, who is academically competitive with her friends; 
McKenzie, a confident student and avid reader; and 
Penelope, Trinity, and Zoe all student-athletes who also 
engage in several school activities as leaders.

Data Sources
This research study took place during the Fall 2019 
semester. As a qualitative study, four types of data col-
lection mechanisms were employed: 1) individual inter-
views, 2) focus-group interviews, 3) collective memory 
writing, and 4) the researcher’s journal. 

Interviews 
Interviews were designed to foster interactivity 
between the researcher and participants. Each partici-
pant engaged in individual and focus group interviews 
in October 2019. Thus, they yielded data that elicited 
in-depth descriptions, context-rich personal accounts, 
and perceptions of their educational and, specifically, 
mathematical experiences. The focus group interviews 
were employed to engage the research participants in 
different collaborative interview questions. The open 
dialogue centered on the participants’ experiences 
and parallels among the participants' lived realities. 
The semi-structured individual interview encouraged 
rich and detailed data concerning how they perceived 
mathematical experiences from elementary to middle 
school, ranging between twenty-five and forty minutes. 
The two focus groups comprised approximately half 
the participants and engaged in different collaborative 
questions centered on the parallels in their lived experi-
ences. The individual and focus group interviews took 
place on the school’s campus in a welcoming location 
familiar to all participants, which gave them privacy 
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from students not participating and an opportunity to 
participate honestly without restrictions. 

Collective Memory Work
Written memories through collective memory work 
(Haug,1999), a feminist research methodology, was 
employed non-traditionally. Collective memory work, 
implemented through journaling, gives participants a 
solidarity voice that is unfiltered, uniquely their own, 
and without constraint that speaks to their individual 
histories and allows their written expression to speak 
accurately to their mathematical experiences. Parents 
and participants were introduced to the collective mem-
ory work procedure during the informal meeting, and it 
was reinforced as assent and consent forms. The collec-
tive memory work in this study was presented as writing 
response prompts on a Google form with an opportuni-
ty to respond on a desktop computer. The participants 
engaged in this process twice, once after their interview 
and another after the focus group opportunity. 

Researcher’s Journal
The primary researcher kept a record of changing 
thoughts, new ideas and connections, and details relat-
ed to the literature and its connection to this study. The 
researcher’s journal also included participants’ non-ver-
bal expressions relevant to the study. These reflective 
and reflexive accounts were also derived from occur-
rences outside of the research agenda and timeframe in 
their natural environments as they occurred. 

Data collection and procedure
The interviews for this study were audio-recorded to 
provide an accurate, verbatim account of the partici-
pants’ ideas. As a benefit to the researcher, the artifacts 
allowed for the researcher’s word-to-word dictation 
and transcription. These data collections were stored in 
the researcher’s locked personal computer and journal. 
Data collection and a thematic analysis were systemat-
ically done to determine themes and patterns from the 
collected data using an inductive approach to coding.  

Role of the Researcher 
As an educational advocate within the KJMS communi-
ty, the lead researcher has explicitly worked with stu-
dents through supplemental programming adjacent to 
middle schools in a non-profit organization within the 
community. This organization works with Black girls 
in the community after school and during the summer 
but is not connected directly with the school. For six 
years of this study, the lead researcher has focused on 



the educational empowerment of Black girls in science, 
technology, engineering, and mathematics. This role 
has enabled her to build relationships with the stake-
holders in the community. This opportunity provides 
an advantage in this research, given that the participants 
had already acquired trust with the lead researcher. This 
connectedness strengthened a partnership that became 
advantageous for the research agenda since the lead 
researcher is familiar with the community and a few 
parents of prospective participants who were ideal for 
this study since they met the requirements to engage.

Results

The participants in this research study shared aspects 
of their experiences and focused on accountable rela-
tionships with their parents, coaches, and school per-
sonnel. These accountability relationships ensured the 
participants that their achievement in the classroom 
was expected and supported in their homes, non-aca-
demic spaces such as community centers or churches, 
and on the basketball court. The prevalent themes that 
arose were motivation from the engagement in activi-
ties involving enjoyable mathematics that they found 
valuable in their real world, examining the mathematics 
perceptions held by society about them, and their own 
perceived mathematics identity. 

Valuable Mathematics Outside of School
The participants in this study shared how they used 
mathematics outside of the classroom. Shopping with 
parents was mentioned by more than half of the partici-
pants in response to how they use mathematics outside 
of school. Zoe and Trinity also shared how they use 
mathematics as student-athletes. Zoe reflected on con-
versations with her basketball coach. It usually takes 
others an extremely long time to complete the statistical 
sport record books, but her coach noticed she finished 
the task in a fraction of the time and told her, “Hello! 
You are good at math.” These statistical record books use 
data from sporting practices or events to collect and track 
results from championships, tournaments, and player 
record holders’ performances. Trinity wrote about the 
same coach but in a different context: “Our coach limits 
how many turnovers we have and tells us not to go over 
a certain number, which brings us (to) inequalities.”

McKenzie, who conducts scientific experiments, 
mentioned, “My dad likes to look up different chemi-
cal reactions that would happen with certain household 
objects. And then we make the experiments and just 
have fun doing that.” McKenzie uses mathematics to 

measure appropriate chemical reactants to ensure safe 
and successful experiments. Other participants connect-
ed their mathematics experiences to the arts. Allison and 
Elizabeth reflected on how musical note lengths have 
particular purposes; for example, the slow and soft 
notes in songs “really bring emotion to people,” men-
tioned Allison. Participants also mentioned using math-
ematics when cooking, playing games, or keeping scores 
for quiz bowl competitions. 

Valuable Mathematics Inside of School
Many participants identified their elementary experiences 
as their starting point for becoming advanced in mathe-
matics through enrichment opportunities. Aaliyah real-
ized that her engagement of advanced academic skills in 
enrichment programs at the elementary level allowed her 
to “escape class to work on a project or do something fun.” 
In gifted and talented and mathematics enrichment activ-
ities, Aaliyah engaged in learning that extended the reg-
ular classroom curricula. “My Math Olympiad™ teacher 
already taught us algebra concepts like variables, math for-
mulas, and more. We also played math games to help us 
understand the concepts. These things helped; on the test, I 
was already ahead.” Engagement and valuable mathemat-
ics activities such as the stock market game, mathematics 
Olympiads, and gifted and talented mathematics activi-
ties prepared them to excel in mathematics now and in the 
future, representing each participant’s desire. 

Perceptions and Self-Perceptions of their 
Mathematics Identity
The girls in this study were asked, “How do you view 
yourself in mathematics?” They viewed themselves as 
“brilliant mathematicians.” However, they believed that 
perception differs in society. Trinity recognized that 
some people believe Black girls cannot do high-level 
mathematics “because we didn't have the same educa-
tion they did at some point. So [they think] we will be 
behind.” She reiterated, “They always had a low, you 
know, way of looking at Black people.” 

Aaliyah elaborated, 
	� It mostly originated with White people, but 

then, you know, Black people started to think 
it themselves; I guess we're seen as lower level, 
as a downgrade. They think because some peo-
ple are poor, and I guess when you live in those 
areas, you act differently, so they don't expect 
you to do higher math.

This sentiment was reinforced by Allison, who shared:
	� Since many people are in the minority group, 

people expect lower than us. They don't have 
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high expectations for us because we're minori-
ties in American society. It's because there are 
stereotypes. They expect you to act a certain 
way for being a certain color. 

These brilliant mathematicians identified several 
advocates in their network. Allison reflected on the math-
ematical mindset her mother encourages her to have that 
will lead to desirable thoughts to do mathematics.  

Elizabeth’s older brothers made mathematics fun for 
her. She elaborated: 

	� [My brothers] said if I were smart enough to be 
in the advanced class, I would understand the 
work. If I can't understand it, I'm smart enough 
to go ask the teacher or an adult to help me with 
it. I think it's their personalities that helped me 
with math because they're both really good at 
math. So, with them being really good in math 
and also being hyper and energetic and weird 
and quirky, all those things tied up into one, 
with math, it brings this new environment for 
me just to learn it at home. 

Zoe shared how her dad showed up for her and her 
mathematical development even while living on another 
continent due to his military duties. As a protective fac-
tor and a source of accountability, Zoe understood that 
her academic performance was not an accomplishment 
of her own; it was one that she shared with her family. 

The brilliant mathematicians in this research study 
used their quotes as sources of motivation. Some words 
they choose to motivate themselves and their peers 
despite societal perceptions include: “Don't doubt how 
good you are in math. Because when you doubt [your-
self], you believe you can't do advanced things and 
won't try.” Amari echoed this sentiment: “Push past 
what you think your limitations are; if you go beyond 
what you think you can do, you might discover that you 
are good at advanced math.” Aaliyah said, “Try it, and 
then be willing to do it.” Alexandria suggests, “If you 
say you cannot do it, you will not. And if you say you 
can, you will.”

Discussion

This research study investigated the protective factors 
that led to the empowerment, self-consciousness, and 
self-efficacy of mathematically advanced Black girls in 
middle school. With a critical lens on the protective fac-
tors, this study sought to find motivators associated with 
their affiliations and accountability relationships that 
contributed to their heightened mathematics success. 

The key findings referenced the value of mathemat-
ics in and out of the classroom for the participants and 
served as a motivator for them to push forward. Black 
girls in this study were eager to learn mathematics in 
meaningful ways that contributed to their curiosity in 
the real world. They sought opportunities to do science 
experiments involving mathematics and opportunities 
to escape the regular classroom to engage in fun enrich-
ment and gifted and talented spaces that allowed for 
exploration of the content in exciting spaces of learning. 
Their self-perceptions as mathematics students differed 
from their perception of societal views of Black girls as 
lower-level individuals with little or no mathematics 
competencies. Given these stereotypes, they found it 
necessary to demonstrate their worth while rejecting the 
opinions of others. Their protective factors worked as 
accountable validation systems at the school, commu-
nity, and home levels, with the family offering the most 
support. Despite societal views of their intellectual abil-
ity, the participants persisted in achieving at the highest 
level. Fathers, mothers, and brothers (in that order) held 
the most accountability value to the participants in this 
research study. People of accountability helped to culti-
vate their brilliance as mathematicians. Other supports, 
such as accountability partners, were mentioned and 
the participants mentioned athletic coaches, teachers, 
peers, and tutors were members. 

Limitations 
Black girls from one school within a single school dis-
trict participated in this research study, thus limiting 
the focus to a single community. The collective memory 
instrumentation, which required the students to reflect 
and narrate their past experiences, was the most chal-
lenging activity for the participants. This challenge of 
completing both writing prompts may be age-related 
or effort-based. The quality of the writing was superior 
for the ten participants who did engage in the memory 
writing activity. Most participants completed one of the 
two writing prompts. One participant was checked out 
of school for a family emergency and did not have an 
opportunity to engage fully with either collective mem-
ory writing prompts. 

Study in Context
The findings examine the implicit biases in our society 
and how the brilliant Black girls in this research openly 
acknowledge the presence of racism, sexism, and ste-
reotype threats in our country. Achievement gap nar-
ratives in education are supported by policy reports 
that label Black students as mathematically illiterate 
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societal outliers. Black children are less likely to be iden-
tified as gifted or to participate in advanced placement 
courses due to internal school policies that act as bar-
riers that limit them (Anderson, 2020). Programs such 
as Black Girls Code©, GIRLS WHO CODE, GIRLS-
wSTEAM®, Black Girl MathGic™, and MathCounts© 
may help spark these students’ interests in mathemat-
ics and create new, innovative, fun, challenging, and 
engaging programming to enhance the education of 
brilliant Black girls. 

 
Conclusion

Experiences during elementary school equip our stu-
dents with a mindset for mathematics. Although this 
research is focused on participants at the middle school 
level, it emerges at the intersection of early and interme-
diate elementary levels, a time when they begin cultivat-
ing a solid mathematics identity. Black girls are brilliant 
mathematicians and seek opportunities to enjoy math-
ematics in the real world. Narratives focused on how 
students use mathematics in valuable ways became a 
significant theme uncovered in this study. Each partici-
pant in this study was engaged in mathematics outside 
of school and found those experiences to be the most 
memorable and valuable. 

The counter-narratives of stereotypical messag-
es must be pushed forward, illuminated, and shared 
widely. Enrichment activities like Gifted and Talented 
programs and the Stock Market Game, taken from the 
participants' perceptions, helped prepare the theme for 
advanced mathematics curricula. Communities that 
advocate for Black children must push the agenda to 
unlock the chains of confinement to provide access to 
challenging curriculums, including those of advanced 
mathematics, to Black girls. 
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Introduction

“I am bad at learning mathematics.” “I am a good math-
ematics teacher.” We have all heard such statements, that 
describe being good or bad at doing or teaching math-
ematics. But what do such statements mean? What do 
they mean to students? To researchers? To future teach-
ers? Do these different groups hold similar definitions 
of good at learning, doing, and teaching mathematics?

The statements above are mathematics self-efficacy 
and mathematics teaching efficacy assertions. Math-
ematics self-efficacy is a student’s belief about their 
ability to do, perform, or learn mathematics (Bandu-
ra, 1986). Mathematics teaching efficacy is a teacher’s 
belief about their ability to teach mathematics, partic-
ularly to bring about student learning and engagement 
(Tschannen-Moran & Hoy, 2001). Much of the research 
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on efficacy in mathematics learning and teaching has 
been quantitative (e.g., Enochs et al., 2000; Midgley et 
al. 2000). While valuable, such work often aggregates in 
a way that can lose nuance. Because of this, researchers 
understand much less about how students, particular-
ly elementary mathematics pre-service teachers (PTs), 
define good teaching and learning when they say, “I am 
good at mathematics” or “I am good at teaching math-
ematics.” Understanding PTs’ definitions is important 
so teacher educators can better target their teaching to 
support PTs. In addition, recognizing PTs’ definitions 
is important to help us better understand the existing 
quantitative research and what PTs mean when they 
respond to Likert surveys on efficacy. In this paper, we 
present a qualitative case study that used journaling to 
examine 23 PTs’ definitions of being good at doing and 
teaching mathematics. 

How Pre-Service Teachers Define Good  
Mathematics Teaching and Learning
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Tanner & Jones, 2003; Usher, 2009; Usher et al., 2019). In 
general, researchers agree that high self-efficacy is bet-
ter for learning, though some researchers suggest that 
self-efficacy needs to be calibrated (that is, one should 
not be overly optimistic or pessimistic) (Pajares & Mill-
er, 1994: Russell & Phelps-Gregory, 2022). 

Research on elementary PTs finds they may have 
more mathematics anxiety, more negative attitudes, and 
more mathematics avoidance than other groups (e.g., 
Rech et al., 1993; Stoehr, 2017). This suggests that ele-
mentary PTs may have lower mathematics self-efficacy, 
however, little research has examined this specifically. 
Some research suggests both elementary and secondary 
PTs have high mathematics self-efficacy (Phelps, 2009; 
Zuya et al., 2016). Other research has found elementary 
PTs who take advanced mathematics classes have high 
mathematics self-efficacy, but those who do not take 
advanced mathematics classes have low self-efficacy 
(Xenofontos & Andrews, 2020). More work on under-
standing PTs’ mathematics self-efficacy beliefs is needed. 

High teaching efficacy for mathematics teachers has 
been linked to their students’ achievement as well as 
their students’ own mathematics self-efficacy (Althaus-
er, 2015; Chang, 2015). High teaching efficacy is also 
linked to teachers’ instructional practices, their willing-
ness to implement challenging teaching strategies, and 
their beliefs in their ability to effect change in students 
(Bates et al., 2011; Bruce & Ross, 2008; Depaepe & König, 
2018). Mathematics self-efficacy is positively correlated 
with mathematics teaching efficacy (Bates et al., 2011). 

Most research on mathematics teaching efficacy 
has examined in-service teachers, with less focus on 
PTs. Some of the limited research has found PTs have 
high mathematics teaching efficacy (Zuya et al., 2016). 
In a qualitative study, Xenofontos and Andrews (2020) 
found that the majority of elementary PTs in their study 
expressed high mathematics teaching efficacy, stating 
they were confident they could fulfill their visions for 
teaching mathematics. 

Unfortunately, previous research has often defined 
efficacy differently, using constructs ranging from 
mathematical competence to a belief in one’s ability to 
fulfill visions. Previous work has often been quantita-
tive, using Likert scales to measure mathematics self-ef-
ficacy and teaching efficacy (Enochs et al., 2000; Midgley 
et al. 2000). These include survey items such as “I know 
how to teach mathematics effectively,” “I will typically 
be able to answer students’ questions,” or “I'm certain I 
can master the skills taught in class this year” (Enochs et 
al., 2000, pp. 200 – 201; Midgley et al., 2000, p. 19). While 
reliable and valid, these instruments assume PTs define 

Conceptual Framework

This study centers on PTs’ beliefs; PTs’ beliefs are their 
judgments or notions about various ideas related to 
teaching and learning, including their beliefs about 
themselves as teachers and learners (Fives & Buehl, 
2012; Gill & Fives, 2015). PTs’ beliefs are important 
because teachers’ beliefs guide their actions in teach-
ing, influence their practice, and influence their stu-
dents’ outcomes and beliefs (Buehl & Beck, 2015; Fives 
& Buehl, 2012; Tschannen-Moran & Hoy, 2001). PTs’ 
beliefs also influence their mathematical understand-
ing and their future development as teachers (McLeod, 
1994). And, importantly, teacher educators can influ-
ence PTs’ beliefs during their undergraduate classes 
(Fives & Buehl, 2012). We will refer to PTs’ beliefs about 
what it means to be good at doing or teaching mathe-
matics as their “definitions.”

PTs’ definitions of being good at doing mathemat-
ics are related to their mathematics self-efficacy, their 
beliefs about their ability to do or learn mathematics 
(Bandura, 1986). PTs’ definitions of good mathematics 
teaching are related to their mathematics teaching effi-
cacy. Mathematics teaching efficacy refers to teachers’ 
or PTs’ beliefs about their ability to teach mathematics 
(Tschannen-Moran & Hoy, 2001). For example, a PT 
could believe “I am good at mathematics” (high self-ef-
ficacy) and “I am good at teaching mathematics” (high 
teaching efficacy). However, in both statements, PTs’ 
definitions of good affect how we should interpret the 
meaning of their claims. “I am good at quickly solving 
procedures” is different from “I understand the main 
concepts” and yet both could be captured by “I am good 
at mathematics.” 

Previous Research

Much work has been done on mathematics self-efficacy 
and mathematics teaching efficacy, generally showing 
that believing one is good at something (i.e., high math-
ematics self-efficacy and high teaching efficacy) leads to 
beneficial outcomes on effort, persistence, and achieve-
ment (e.g., MacPhee et al., 2013; Pendergast et al., 2011; 
Zeldin et al., 2008). High mathematics self-efficacy has 
been linked to higher achievement and a growth mind-
set, a belief that you can improve your mathematics 
skills (Komarraju & Nadler, 2013; Usher et al., 2019). 
High mathematics self-efficacy has also been linked 
to perseverance, grit (the ability to work to overcome 
obstacles), and self-regulation (Muenks et al., 2018; 
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also had optional sub-questions such as, “What makes 
being a good math teacher different from/similar to 
being a good teacher of another subject?” The goal of 
the sub-questions was to prompt PTs who might oth-
erwise write less; however, participants were explicitly 
told they did not have to answer every sub-question. 
PTs were given the journal entries before instructors 
shared their own opinions (to avoid bias from instructor 
opinions) and PTs completed the journal entries on their 
own outside of class (to avoid peer opinion bias). PTs 
were given points for completing the journals but were 
not graded on their ideas, to encourage them to write 
freely. Journal responses were submitted electronically; 
each was generally one to two single-spaced pages.

Analysis and Reliability
Recall that our goal was to understand PTs’ definitions 
of being good at mathematics and teaching mathemat-
ics. We were interested in understanding what a PT 
meant when they said, “I am good at mathematics,” rec-
ognizing that this could mean a variety of ideas includ-
ing understanding concepts, being better than peers at 
mathematics, or having procedural fluency. Our goal in 
coding was to capture PTs’ definitions of being good at 
mathematics and teaching mathematics.  

To capture these definitions, the first author read all 
journal responses and then used a randomly chosen 
subset of the data to develop codes inductively. The use 
of an initial, smaller subset of data allowed us to with-
hold a portion of the data for checking the initial coding; 
after such checks, the first author coded the remaining 
data. Codes were created to capture PTs’ definitions, 
and thus we had codes such as, “good teaching means 
using group work,” “being good at mathematics means 
getting the right answer,” and, “being good at math-
ematics means you can help others with their work.” 

We followed Campbell and colleagues’ (2013) anal-
ysis and reliability process. The units for analysis were 
meaning units; we unitized the data based on PTs’ main 
ideas. Codes could be applied to a single phrase or to 
several sentences to better capture participants' mean-
ing. To ensure reliability and to check against coding 
drift, the first author randomly chose three participants 
(13%) and stripped the codes from the analysis, leaving 
the unitization (to ensure consistent unitizing) (Camp-
bell et al., 2013). The second author then coded the unit-
ized data. The first two authors reached 80% reliability 
on their first coding, an acceptable level of reliability 
(Campbell et al., 2013). 

success in mathematics and mathematics teaching in the 
ways measured by the instrument. Quantitative studies 
may thus fail to capture PTs’ own definitions of teach-
ing or being good at mathematics. To address this, our 
small-scale, qualitative study sought to capture PTs’ 
definitions using their own words. The work presented 
here addresses the following research question: What 
do elementary PTs believe it means to be good at math-
ematics and to be a good mathematics teacher?

Methods

To study the phenomenon of PTs’ beliefs about good 
learning and teaching in mathematics, we conducted a 
qualitative case study. Qualitative case studies involve 
the researchers studying one case, in this study a class 
of elementary PTs, in depth. A case study allowed us to 
examine PTs’ definitions of being good at mathematics 
and good at mathematics teaching in detail.

Participants
Participants in this study were elementary PTs who 
were majoring or minoring in mathematics and were 
enrolled in an elective mathematics class for their major, 
which served as the case for this study. Two of the 
researchers served as instructors for this class. All PTs 
in the class were invited to participate in the study; 23 
PTs agreed. Participants had previously completed one 
general mathematics class and at least two mathematics 
content courses for elementary teachers. Their respons-
es in this study reflect those of mid-program PTs, who 
have completed some relevant mathematics and educa-
tion classes but do not have significant teaching experi-
ences. All participant names are pseudonyms. 

Data Collection
This study used a journaling approach to explore PTs’ 
beliefs. Using journals is a common research practice 
because it offers an opportunity to explore past and 
present experiences in relation to beliefs (Bullough Jr., 
2015). As part of the course, PTs were asked to write reg-
ular journal entries; the journal prompts were written 
collaboratively by the instructors based on research and 
readings from the course syllabus. This study focuses 
on the first two journal entries, completed during weeks 
one and two of the semester. Journal 1 broadly asked, 
“What does it mean to be a good math teacher?” Jour-
nal 2 first asked participants to name a time they were 
good at math and then asked, “What does it mean to 
be successful at learning mathematics?”  Both journals 
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to new problems or new contexts (n = 17, 74%). For 
example, Olivia said, “A successful learner can apply 
the concepts to different situations and can solve prob-
lems using a bank of different strategies.” Lily wrote:

�There was a time when I realized I really understood 
a math concept. The concept was using algebra to 
figure out what “x” is. ... I learned this concept in a 
deeper way because I understood how it could be 
used to solve bigger problems and I understood how 
the smaller problems fit into this bigger concept. 

One of the contexts mentioned by multiple PTs was 
applying mathematics to real-life contexts. For example, 
Charlotte express ed:

�I learned it in a deeper way because I was able to 
relate it back to my life and things that I actually 
did in real life. I used algebra when I was selling 
pop and vegetables in high school, doing banking, 
managing time, you name it.

For PTs like Olivia, Lily, and Charlotte, being good 
at mathematics partially meant being able to use math-
ematics in new situations and for new problems. 

I explain it to others.
Another common definition was that someone was good 
at mathematics when they could explain it to others (n = 
16, 70%). For example, Mia said, “I can always tell how 
well I understand a concept by how well I can explain or 
teach it to another person.” And Hannah said:

�As a future educator, I think that [to] know if a stu-
dent was successful in mathematics [we can use] 
their ability to explain it. If a student can do more 
than demonstrate a problem, and [can] actually 
explain why the answer is the answer and how they 
came on that answer then they will actually fully 
grasp the concept.

For PTs like Mia and Hannah, being good at math-
ematics partially meant being able to explain it well 
to others.

I get the right answers and good grades.
Some PTs (n = 13, 57%) expressed a belief that right 
answers and good grades showed you were good at 
mathematics. For example, Maya expressed, “I was 
enlightened when I wrote all my work out and got 
the right answer. That is when I decided math was my 
favorite subject because there is always a right answer 
and no what ifs.” In addition, some PTs (n = 5, 22%) 
described a belief that both right answers and under-
standing mattered. For example, Lucas wrote:

Results

Our findings suggest PTs define being good at math-
ematics in a variety of ways, including the ability to 
apply it to new contexts, to get good grades, and to do 
mathematics fluidly. PTs also showed variation in their 
definitions of being good at mathematics teaching with 
definitions including using group work and manipula-
tives, having passion, and focusing on understanding. 

I was good at mathematics when…
Since past research has often shown some elementary 
PTs may have mathematics anxiety, negative math atti-
tudes, and mathematics avoidance (Stoehr, 2017), we 
asked PTs to identify a time they were good at math, 
to help them think about what this meant to them. The 
majority of PTs (n = 13 PTs, 57%) responded that a time 
when they were good at mathematics was in algebra, 
with PTs citing both secondary and post-secondary 
algebra but with secondary algebra being the most com-
mon. Some PTs (n = 5, 22%) identified an experience in 
their university teacher education mathematics class-
es or their elementary school experiences (n = 3, 13%). 
Finally, one PT identified a secondary geometry course, 
and one said a secondary probability course. 

Participants often described their positive mathemat-
ics experience in detail and connected it to their defini-
tions of being good at mathematics. For example, Lucas 
wrote:

�Sixth grade was when I was first introduced to alge-
braic equations, and it was a math concept that I 
really understood… I knew that I could always get 
the right answer with an algebraic equation given to 
me because I had exceptional basic math skills that 
always helped lead me to the solution.

Lucas went on to say that being good at mathemat-
ics meant having right answers and being fluid (quickly 
and successfully using procedures), both of which could 
be seen in his description of his positive experience. 

I am good at mathematics when…
We now further explore PTs’ definitions of being good 
at mathematics. PTs had multiple meanings of being 
good at mathematics, some of which fit together and 
some of which were contradictory. PTs also often held 
multiple meanings at once, as Lucas did above. 

I apply it to new contexts and situations.
The most expressed definition was that a person was 
good at mathematics if they could apply their learning 
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successful learning math means sticking with it because 
hard work does pay off in that subject area compared 
to others in my opinion.” For these PTs, being good 
at mathematics partially meant having the ability and 
willingness to study and learn. 

I am a good mathematics teacher when…
PTs also had multiple meanings for being a good mathe-
matics teacher, often holding several at once. Each defi-
nition of good mathematics teaching will be explored 
below. 

I encourage students to work independently.
A common definition (n = 14, 61%) was that good math-
ematics teaching is when students are encouraged to do 
their own learning. Lily said, “Students best learn math 
when they are able to discover how to do problems in 
their own way.” And Anna wrote:

�In a good math classroom, students are given prob-
lems that they have to figure out how to solve. They 
should use the tools they have been given and push 
themselves a little bit farther… Students learn best 
by doing, they can use problem-solving skills to 
enhance their higher-order thinking skills.  

For PTs like Anna and Lily, being good at teaching 
mathematics meant encouraging students to prob-
lem-solve independently. 

I use group work and manipulatives.
PTs also said good mathematics teaching involved the 
use of group work (n = 14, 61%) and manipulatives (n = 
16, 70%). Charlotte said:

�Because math should not simply be the teacher lec-
turing but rather students cooperatively learning 
in groups or students are teaching other students. 
These strategies/resources encourage students to 
share and find what will not work as well as what 
might/does work for solving the answer…

For PTs like Charlotte, being good at teaching 
mathematics partially meant using group work and 
manipulatives. 

I am passionate.
A common belief about good teaching was that good 
teachers, especially mathematics teachers, must be 
passionate (n = 17, 74%). Avery said, “Teachers need 
to always keep that positive vibe in the classroom for 
the students because if the teacher is not excited about 
the subject, the students will not be either.” Interest-
ingly, many PTs mentioned that passion was especially 

�I felt that I was successful at learning in that math 
concept because I was good at it. In other words, 
I was performing well on my homework, quizzes, 
and tests. Based on my own experiences in learning, 
I believe that being successful at learning means not 
only performing well on classwork, quizzes, and 
tests but also showing confidence and understand-
ing in the concept being taught. 

However, an almost equal number of PTs (n = 11, 
48%) expressed doubt that right answers or high grades 
alone meant you were good at mathematics. Mia said:

�The grade that I receive is not always a reflection of 
how successful I was. I have completed many math 
courses and received an A without actually master-
ing the material because I was able to get good grades 
on exams by memorizing formulas and procedures. 

Samantha wrote, “A student can solve every problem 
correctly and still not be proficient in math because he 
or she does not understand what each step means and 
why their method works.” Thus, for PTs like Avery or 
Lucas being good at mathematics partially meant get-
ting the right answers and good grades. However, it 
also appeared as though some of the PTs doubted this 
definition of being good at mathematics.

I can do mathematics fluidly.
Some PTs (n = 12, 52%) also defined being good at 
mathematics as doing it “fluidly” or quickly and suc-
cessfully, particularly for procedures. Olivia said that 
successful learning in mathematics is, “Fluid. If a per-
son is successful at learning mathematics, then their 
‘math actions’ are fluid.” Avery wrote, “In my elemen-
tary years I was drilled over and over with adding, 
subtracting, multiplying, and dividing numbers so that 
drilling and practice made me able to become fluent in 
those areas.” And Emma said, “I know I’m successful at 
learning mathematics when I don’t have to think about 
a problem before completing it and just automatically 
know what to do.” Thus, for PTs like Avery and Emma, 
being good at mathematics meant being able to do pro-
cedures and problems quickly and successfully. 

I work hard at it.
Finally, some PTs (n = 6, 26%) expressed a definition 
that being good at mathematics is based on time, effort, 
and work. For example, Layla wrote, “Being success-
ful at learning mathematics means you …want to put 
the time into studying it. Without putting in the time 
and effort, you will not be a successful learner in any 
subject.” And Charlotte said, “Finally, I feel that being 



	 14 	 |	 CHRISTINE M. PHELPS-GREGORY, GABRIELLE REDFIELD, MARTHA FRANK

I focus on understanding.
PTs also believed that good mathematics teachers focus 
on understanding (n = 9, 39%) and did not move on if 
students did not understand (n = 8, 35%). For example, 
Mia said, “Math teachers specifically have to be good 
at recognizing when students are struggling and when 
students are ready to move on to a more challenging 
concept.” Harper wrote, “When I become a teacher, I 
want to make sure my students are all understanding 
the concept before I move on with the lesson.” For PTs 
like Mia and Harper, being good at teaching mathemat-
ics partially meant helping students understand before 
moving on. 

Discussion

In previous studies, researchers often define being 
good at doing or teaching mathematics and then design 
instruments based on these definitions. In contrast, this 
study asked PTs about their own definitions. This flip 
allowed us to examine PTs’ unique definitions of math-
ematics self-efficacy and teaching efficacy. Our findings 
show PTs do define being good at mathematics teaching 
and learning in a variety of different ways. As a result of 
this finding, we suggest that, as teachers and research-
ers, we should not assume PTs mean the same things 
when they make statements like “I am good at mathe-
matics” or “I am good at mathematics teaching.”

There are obviously several limitations to the study. 
First, it was a small-scale case study of a single class-
room and thus the results are not generalizable. This 
small scale allowed us to collect detailed qualitative 
data but more work would be needed to see if these 
PTs’ definitions of good teaching and being good at 
mathematics were held by other groups of PTs. In addi-
tion, the study used journals to examine PTs’ beliefs. 
Journals allowed PTs time to think and write at home. 
However, they also prevented us from asking follow-up 
questions. Future studies using interviews that allow 
for follow-up questions could yield additional results. 

Our findings have implications for researchers. Com-
mon quantitative scales and instruments may be mea-
suring only one piece of mathematics self-efficacy or 
teaching efficacy. For example, our work found many 
PTs believe in the importance of group work, manip-
ulatives, passion, and connecting mathematics to real 
life and define doing things like these as good math-
ematics teaching. However, the most commonly used 
mathematics teaching efficacy instrument, the Mathe-
matics Teaching Efficacy Beliefs Instrument (MTEBI), 

important in mathematics because of the nature of math-
ematics. Samantha wrote, “Most importantly, a great 
math teacher remains positive. Math is giving a ‘scary’ 
characteristic that remains with students throughout 
most of their education. Love math and show students 
that they too can love math!” Charlotte said, “Finally, a 
good math teacher differs from other subject areas by 
being able to make their subject fun due to the bad repu-
tation math holds… so to combat that stereotype, teach-
ers must try to make it fun…” For PTs like Avery and 
Charlotte, being good at teaching mathematics partially 
meant being passionate about mathematics and making 
your teaching interesting. 

I connect mathematics to real life.
PTs (n = 15, 65%) also talked about how good mathe-
matics teachers make real-life connections. Avery wrote, 
“Explaining how math is used outside the classroom 
will help students to realize that math is an important 
concept to learn in life.” Samantha said:

�One idea would be to have my students create a 
project connecting the math concept we are learning 
in class to a real-life experience by actually carrying 
out the activity… Then when my students leave my 
classroom they can engage in math during their daily 
lives, easily and freely.

For PTs like Avery and Samantha, being good at 
teaching mathematics partially meant connecting math-
ematics to real-life concepts.

I teach different strategies.
Another common belief was that good teachers did 
not use only the best strategy for students to learn and 
memorize (n = 16, 70%). This was often tied to students 
and using different strategies with different students 
depending on their needs. For example, Emma wrote, 
“Not all students learn the same so accepting and show-
ing to the class many different ways to find answers will 
be beneficial in ensuring you reach all students.” And 
Henry wrote:

�[Good teaching] requires that you be open to differ-
ent ideas and interpretations of problems. You need 
to understand that there is not always going to be 
one right way to get an answer. It also means creat-
ing different ways of getting to answers to best fit all 
the students.

For PTs like Harper, Emma, and Henry, being good 
at teaching mathematics partially meant showing stu-
dents different ways to solve problems and allowing 
students to pick their own solution method. 
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Individual Differences, 25, 67 – 72. DOI: 10.1016/j.
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rarely addresses these definitions (Enochs, 2000). While 
PTs’ definitions of being good at mathematics included 
concepts measured on instruments like the Motivated 
Strategies for Learning Questionnaire (MSLQ) (Pintrich, 
1991), such as good grades, their definitions also includ-
ed topics not commonly measured, such as the ability 
to explain mathematics or use it in new contexts and 
situations. These common scales and instruments may 
need to be adapted if it is found in larger studies that 
PTs and teachers define good teaching differently. 

Our findings also have implications for teacher edu-
cators. PTs may have high mathematics teaching effi-
cacy or self-efficacy but define it differently from us. 
Knowing this, we can make more informed instruc-
tional decisions. For example, knowing PTs may value 
real-life connections, we can include more of these in 
our instruction. By doing so, we can engage PTs more 
fully while also helping them build their self-efficacy 
and teaching efficacy.

A final implication for teacher educators is that 
PTs will bring these definitions of good learning and 
teaching with them when working with their future 
students. Teacher educators can build on this to help 
PTs construct lesson plans that further student learning. 
For example, since our findings suggest that PTs want 
to connect mathematics to real life and they believe in 
the importance of explanation, teacher educators could 
help them build lessons that do this in their student 
teaching and show them sources to draw on in their 
future teaching practice. This will hopefully translate to 
positive classroom experiences for their future students.
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ABSTRACT Mathematical education in Greece is constantly evolving in the pursuit of optimal 
learning outcomes for students despite their cognitive differences. This study seeks to gain insight 
into the use of new technologies in teaching probability theory and the gender differences in the 
comprehension of probability theory. To this end, a survey was conducted involving 500 students 
of the Department of Statistics and Insurance Science at the University of Piraeus. The respective 
questionnaire involves questions of self-reported results and employs the Likert scale to obtain 
the students’ perceptions. Our data demonstrate no difference among the genders regarding the 
use of new technologies or their performance (i.e., the test scores) in the relevant courses.

KEYWORDS Probabilities, gender, new technologies, pedagogy

JOURNAL OF MATHEMATICS EDUCATION AT TEACHERS COLLEGE | FALL 2023 | VOLUME 14, ISSUE 2

© 2023 Eleni Tsami, Andreas Rokopanos, Dimitris Anastasopoulos. This is an open access article  
distributed under the terms of the Creative Commons Attribution License, which permits the user to copy,  

distribute, and transmit the work provided that the original authors and source are credited.

New Technologies and the Gender Factor in the  
Comprehension of Probabilities:  

Evidence from the Perceptions of Students

Eleni Tsami
University of Piraeus 

Andreas Rokopanos
University of Patras 

Dimitris Anastasopoulos
University of Ioannina

Introduction

Female-identifying individuals have been reported to be 
heavily underrepresented in most mathematically inten-
sive areas (Holman et al., 2018; Thelwall et al., 2019), 
which has stirred the discussion on gender stereotypes 
in education and the corresponding implications in the 
occupational realm. Furthermore, modern education 
methods are embracing electronic means (e.g., electron-
ic platforms, educational software, digital games, etc.), 
which have strengthened the efforts to transmit knowl-
edge in these fields. However, the following questions 
have arisen: "Are the new teaching approaches that 
employ mathematics educational technologies achieving 
their purpose of improving the level of understanding 
and helping students pursue their professional goals?" 
and "Does the ability to understand mathematics and 
its branches depend on gender?". We acknowledge that 
similar questions have been addressed before regarding 
various education systems. Nevertheless, such issues 
remain largely overlooked with regard to Greek educa-
tion, and we aim to fill this gap. 

The purpose of the present study is twofold. Firstly, 
we investigate whether electronic educational means 
contribute to a deeper and more effective comprehen-
sion of the notions traditionally included in Probabili-
ties courses. Secondly, we assess whether gender affects 
the ability to understand and learn the relevant notions. 
To this end, a questionnaire consisting of thirty ques-
tions was developed and distributed to students at the 
Department of Statistics and Insurance Science at the 
University of Piraeus. The relevant questions addressed 
various aspects relating to the application of electronic 
educational means, the learning outcomes as perceived 
by the students, and their interest in the field of Prob-
abilities and its potential for further study. Moreover, 
we employed statistical tests to assess whether gen-
der relates to the answers given, thus serving both our 
purposes. We obtained a sample of 500 responses from 
students who have been taught the course in proba-
bility theory or courses involving substantial proba-
bilistic contents. Finally, we acknowledge that both 
the research questions entail a vast range of import-
ant aspects and implications, which are unlikely to be 
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(i.e., interested in things) and females are more social-
ly oriented (i.e., interested in people). The same study 
attributes the STEM gender gap to workplace discrim-
ination, gender preferences, within-gender variability, 
socialization, culture, and biology. 

Similar traditional views have been supported in 
several studies focusing on the performance on stan-
dardized tests of mathematical reasoning, such as 
SAT-M and GRE. For example, Halpern et al. (2007) and 
Tsui et al. (2011) report that females score lower than 
males on the mathematics section of the standardized 
tests for admission to colleges and graduate schools. 
Furthermore, Gallagher and Kaufman (2005) report that 
males score higher than females on these tests. Howev-
er, males and females attend equally demanding class-
es in high school-level mathematics, and females earn 
higher grades. In line with this research, several studies 
(e.g., OECD, 2018; Mostafa, 2019) highlight that the gap 
between male and female participants in STEM courses 
is still relevant. Hango (2013) attributes the STEM gaps 
to gender differences in mathematical ability and dif-
ferences in values and preferences, such as labor mar-
ket expectations, including family and work balance, 
differences in motivation and interest, and other influ-
ences. Moreover, Fryer and Levitt (2010) assess various 
factors potentially causing the gender gap. These factors 
involve time invested in preparation for mathematics 
courses, lower parental expectations for females, and 
biased tests, with the results, however, providing little 
support for the aforementioned hypotheses. Contrary 
to the previous beliefs, a significant body of literature 
suggests that very few cognitive measures support the 
notion of gender differences. For instance, the paper by 
Spelke (2005) reviews experimental studies finding no 
difference in the primary abilities for mathematics and, 
thus, concludes that mathematical and scientific reason-
ing relate to biological cognitive capacities, which are 
equally shared between males and females. This latter 
school of thought has existed since as early as the 1970s, 
with the seminal work of Maccoby & Jacklin (1974, p. 
349) arguing that the notion of objected-oriented males 
as opposed to socially-oriented females is one of the 
“unfounded beliefs about sex differences.” We note 
again the distinction between sex and gender, which, 
however, during the 1970s, was more of an academic 
discussion than a self-identifying matter.

In this context, the report by the United Nations 
Educational, Scientific and Cultural Organization 
(UNESCO, 2019) advocates that gender bias is still 
prevalent and, in some settings, relevant to the entire 
education system. This bias is met in various forms, 

covered in 30 questions. However, the present study, 
albeit not fully covering these topics, provides the 
foundation for a promising strand of research.   

Theoretical Background 

Probability theory provides a systematic approach to 
studying randomness and uncertainty (Ramachandran 
& Tsokos, 2021). Central notions in probability theo-
ry include random variables, distribution functions, 
stochastic processes, and events, which are the mathe-
matical abstractions of non-deterministic events, either 
occurring once or evolving over time. These notions com-
monly exhibit increased complexity, thus posing various 
challenges on the learner’s part and the teacher who is 
expected to guide them through the learning process. 

Many students need help comprehending probabil-
ity and statistical concepts in various educational con-
texts (Chiesi & Primi, 2010). Traditionally, education 
systems address the respective challenges via the mech-
anisms of probabilistic algebra. Pratt & Ainley (2014) 
argue that for secondary school students, probabilistic 
algebra is most often learned as a set of rules to be fol-
lowed in order to get the correct answer, which leaves 
the notions themselves distant and meaningless. In this 
context, Biehler (1991) defines the “concept-tool” gap as 
the lack of integration between the meanings of uncer-
tainty students hold and the performance demands 
made in curricula and examinations. 

The notions of Probability theory offer a powerful 
foundation for many mathematical techniques, from 
statistical methods in science and social policy to tech-
nological risk analysis and economic decision theory 
(Fox, 2003). Thus, subjects in Probability theory have 
gained their place in modern curricula. Furthermore, 
Probability theory provides valuable tools for almost 
all sciences, and this is why the relevant introductory 
notions are included in secondary education as well.

Gender Diversity

The idea that males outnumber females in fields with-
in science, technology, engineering, and mathematics 
(STEM) has become the conventional wisdom over the 
past few decades, both in education and in the occu-
pational realm (Stewart-Williams & Halsey, 2021). The 
study by Stewart-Williams & Halsey (2021) empha-
sizes that the underlying claim that males outnumber 
females in quantitative subjects is commonly associat-
ed with the notion that males are more object-oriented 
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misconceptions on the part of the students and create a 
more efficient learning environment.

The students’ perceptions regarding technolo-
gy-aided teaching provide another strand for empir-
ical research. The study by Davidovitch and Yavich 
(2018) investigates the perceptions of Israeli students in 
Grades 9 and 10 on the use of tablets for education pur-
poses. The specific study differentiates between STEM 
and non-STEM subjects and considers both the cogni-
tive and the affective dimensions. The study finds no 
difference between STEM and non-STEM subjects both 
in the cognitive and the affective dimensions. Further-
more, the study finds no correlation between the age of 
the students and their tendency to weigh more, either 
the cognitive or the affective dimension. On the other 
hand, the study finds significant gender differences in 
the weighting of the cognitive and affective dimensions 
regarding the use of tablets for education. More pre-
cisely, this study finds that males attribute more weight 
to the cognitive dimension, which is consistent with 
the traditional school of thought, and to the affective 
dimension, which contrasts with the traditional views. 
Overall, these results suggest that males exhibit better 
affinity than females toward technology means. 

Moreover, Mezhennaya & Pugachev (2018) assess 
the effects of using interactive computer-based meth-
ods with regard to the subject Probability theory and 
mathematical statistics offered to third-year engineer-
ing students at the Bauman Moscow State Technical 
University. The results of this study demonstrate that 
students achieve higher education outcomes when com-
puter-based tasks are incorporated into the convention-
al lectures and seminars of the course regarding the first 
(i.e., Probability Theory) of the three teaching modules 
of the course. These findings reveal the positive effects 
of interactive computer-based education methods on 
the learning outcomes in probability theory.

The role of computer-assisted teaching was exam-
ined by Gürbüz & Birgin (2012) with regard to detect-
ing and remedying probability misconceptions, such as 
the representativeness heuristic, the positive and nega-
tive recency, and the equiprobability bias. The specific 
study showcases that both the instructional approach-
es under consideration (i.e., traditional instruction and 
computer-assisted teaching) improve the students’ 
understanding of probability contents and reduce their 
misconceptions. However, when the improvements 
in the groups are compared, the authors find that the 
intervention in the computer-assisted group was more 
effective in remedying the misconceptions. These find-
ings demonstrate the effectiveness of computer-based 

including the absence of women as leaders in text-
books, differential expectations of males and females 
by teachers, school policies that put pregnant girls at 
the door rather than respecting, protecting, and fulfill-
ing their educational aspirations, etc. Furthermore, the 
same report claims that progress toward gender equal-
ity requires complementary and collective actions that 
promote female rights and empowerment, given the 
institutional, societal, political, and legal barriers that 
have historically restricted their participation in com-
plete education, including their equal participation in 
higher education within STEM fields. The econom-
ic aspects of increasing female participation in STEM 
education are discussed in the report by the Europe-
an Institute for Gender Equality report (EIGE, 2017), 
which forecasts the employment and economic benefits 
of closing the gender gap in STEM for the European 
Union (EU), and finds a considerable rise in employ-
ment, estimated between 850000 and 1200000 jobs and 
an increase between 2.2 and 3.0% in the GDP per capita, 
by 2050. This evidence substantiates the targets of gen-
der equality with regard to STEM participation, which 
has become essential to the EU. 

The use of New Technologies in Education 

We increasingly observe the great influence that new 
technologies exert in the field of education. Online edu-
cation platforms have been gaining momentum during 
the past two decades and, by now, have become an 
integral part of modern education systems.   The Greek 
schools seem to be grasping this impetus and have 
intensified their efforts to engage electronic means in 
teaching conduct. Images, videos, and apps are argu-
ably more appealing than conventional tools such as 
books and blackboards, especially for younger cohorts, 
and thus, such tools become highly useful during the 
lessons. Thus, technology-aided teaching seems to pro-
vide a very promising avenue for class conduct, capa-
ble of leading to more elaborate and comprehensive 
courses. Furthermore, substituting conventional with 
computer-based tools, which allow for course experi-
ments, differentiates the perception of the students for 
the course and may be argued to lead to a more enjoy-
able and creative educational experience. 

One important aspect of the education shift toward 
technology relates to bridging the concept-tool gap, 
discussed concerning probability courses in Batanero 
et al. (2005) and statistics in Biehler & Hoffman (2011). 
Such approaches design integrated learning programs 
utilizing digital simulations to overcome the stochastic 



	 20 	 |	 ELENI TSAMI, ANDREAS ROKOPANOS, DIMITRIS ANASTASOPOULOS

technology against conventional teaching regarding 
elaborate notions in probability theory.

The purpose of the present study is to investigate (i) 
whether electronic means contribute to a better under-
standing of probability theory and its applications and 
(ii) whether gender plays a role in the learner’s ability 
to understand and assimilate the relevant notions. This 
study contributes to the mathematics education litera-
ture regarding the Greek educational system, wherein 
relevant studies are scarce.  

Statistical Analysis 

In order to assess the effects of the application of new 
technologies in the teaching of probability theory and 
the gender-based differences in the comprehension of 
probability theory, we conducted a survey. The relevant 
questionnaire was developed by the teaching staff in 
the Department of Statistics and Insurance Science at 
the University of  Piraeus and was administered to the 
students of the department through electronic commu-
nications. The target group involved students who, by 
that time, had attended the course Probability Theory I 
via MS-TEAMS and were currently attending the course 
Probability Theory II via conventional lectures. There-
fore, these students possessed experience in attending 
relevant content both virtually and conventionally. 
The questionnaires were distributed between Decem-
ber 2021 and January 2022, and their responses were 
collected through the university’s electronic platform. 
It comprised a total of 30 questions (i.e., demographic 

questions, multiple choice questions, questions of self-re-
ported results, and Likert scale questions) assessing the 
students’ perceptions. The questionnaire included choic-
es for male, female, and non-binary respondents. We 
obtained responses from 500 participants, 47% (235) of 
whom were males and 53% (265) were females (no one 
identified as non-binary), all of whom were undergrad-
uate students. Below, we present the statistical analysis 
of the questionnaire responses. We produce the frequen-
cy charts, discuss the results of the questions, and per-
form statistical tests to examine whether gender affects 
the students’ perception regarding the application of 
new technologies for teaching purposes and the abili-
ty to understand and learn the notions of probabilities. 
Retaining the respondents’ gender information enables 
us to test the various aspects of technology and educa-
tion, taking into account the gender factor. 

The first question considers the application of elec-
tronic means for educational purposes (e.g., electron-
ic platforms, electronic educational material, e-books, 
e-exams, digital games, etc.) and their effectiveness 
regarding the learning objectives of the courses (i.e., the 
ability to comprehend and apply the basics of probability 
theory, set theory and combinatorics, and successfully 
address relevant real-life problems and applications), 
as perceived by the students. This is a 5-point Likert 
scale question, with the answers indicating the degree 
to which the respondent thinks that electronic means 
support the course performance objectives. Potential 
answers indicate the degree, which can be very low, low, 
moderate, high, or very high. We emphasize that this is a 
perception question that investigates the students’ views 

on the effectiveness of the rele-
vant means and directly relates 
to the first of our research ques-
tions. The respective answers 
are summarized in Figure 1. 

Initial inspection of the spe-
cific results reveals a balanced 
picture regarding the use of 
electronic means for educa-
tion purposes. Excluding the 
high degree where the females 
clearly surpass the males and 
the low degree where the 
males surpass the females, 
the rest of the answers indi-
cate that there is no difference 
between males and females 
in their perception regarding 
the use of electronic means for 

Figure 1

Percentage by gender regarding the use of electronic means in education and 
performance objectives
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always been particularly user-friendly and thus may 
have caused a level of anxiety in students. Nevertheless, 
the use of relevant tools has become the norm, espe-
cially regarding statistics education and practice, and 
therefore, their application is of particular interest. This 
is a 5-point Likert scale question assuming a similar 
structure to the previous one. We note that the specific 
question focuses on the interest aspect of technology, 
which is a vital element of the learning process. The cor-
responding results are summarized in Figure 2.

The students' answers show that using new tech-
nologies within the scope of the Probability course 
increased their interest in the relevant notions to a mod-
erate to very high degree in a percentage that exceeds 
80%. No major difference is observed between males 
and females, excluding the moderate degree to which 
females clearly surpass males. 

In order to investigate the relationship between gen-
der and the interest in the Probability contents caused 
by the use of the new technologies, we perform a χ2 
test, which groups the answers into two groups (i.e., 
one including the answers “very low” and “low” which 
involves the students who do not think that their inter-
est was enhanced by the use of the relevant tools, and 
one including “moderate”, “high” and “very high” 
which involves the students assuming a contrasting 
view), and can be formally stated as follows:

�Ho: "Gender is independent of the view that inter-
est in the course is enhanced by the use of new 
technologies such as specialized software."

�H1: "Gender is not independent of the view that 
interest in the course is enhanced by the use of 
new technologies such as specialized software."

education purposes. Furthermore, a substantial part of 
the participants, both males (i.e., 24%) and females (i.e., 
35%), seem to agree that the application of electronic 
means facilitates the learning objectives of the Proba-
bility courses. 

In order to assess the students’ views regarding the 
effectiveness of electronic means in education, we con-
ducted a χ2 test. This test groups the students into two 
groups (i.e., one including those answering “very low” 
and “low” who do not believe that the application of 
electronic means supports the course learning objec-
tives, and one including those answering “moderate”, 
“high”, and “very high” who support the other view), 
and can be formally stated as follows:

�Ho: "Gender is independent of the opinion that 
attending a course using electronic means is 
more efficient in terms of the learning objectives 
of the course."
�H1: "Gender is not independent of the opinion 
that attending a course using electronic means is 
more efficient in terms of the learning objectives 
of the course."

At the 5% level of significance, we cannot reject the 
null hypothesis (χ2 statistic = 4.170; df = 4; p-value = 0.383), 
and thus, we can conclude that 
gender is independent of the 
opinion that attending a course 
using electronic means is more 
efficient in terms of the course 
learning objectives. 

The second question inves-
tigates whether the students 
believe that the new technolo-
gies adopted within the scope 
of the course enhanced their 
interest in probability notions. 
Here, we use the term new 
technologies as a term broader 
than electronic means, which 
includes software tools poten-
tially requiring programming 
skills. Such tools have not 

Table 1

Test results for the use of electronic means in  
education and performance objectives

		  Test statistic	 P-value	 df

	 Pearson χ2	 4.170	 0.383	 0.383
 
	 Number of	 500 
	 observations

Figure 2

Percentage by gender regarding the use of new technologies and interest in probability
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outcomes of the course and is thus of utmost interest in 
the context of this study. The responses are summarized 
in Figure 3.

The previous chart reveals that male students per-
formed insufficiently and poorly but sufficiently in their 
first exam in Probabilities, about 25%, whereas female 
students performed about 28%. In other words, a total 
of 58% of the students performed poorly, receiving low 
and very low grades. Furthermore, there seems to be 
a slight differentiation regarding the very good perfor-
mance, with 5% of males and 11% of females.

Subsequently, we seek to assess whether gender 
relates to performance in the first exam in Probability. 
To this end, we employ the χ2 test formally stated: 

�Ho: "Gender is independent of the grade in the 
first exam in the Probability course."
�H1: "Gender is not independent of the grade in 
the first exam in the Probability course."

At the 5% level of significance, we cannot reject the 
null hypothesis (χ2 statistic = 2.709; df = 4; p-value = 0.608), 
and therefore, we conclude that gender is independent of 
the grade in the first exam in the Probability course. 

The following question seeks to determine whether 
the survey participants possessed sufficient mathemat-

ics background prior to the com-
mencement of their university 
studies. Sufficiency of their back-
ground is expected to have been 
reflected in their mathematics 
grades in the Greek State Exams. 
This is a question of self-reported 
results, using the grading scale 
of 20, which applies to Greek 
secondary education (i.e., grades 
under 10 indicate insufficient 
performance, 10-12.5 indicate 
poor but sufficient performance, 
12.5-15 indicate moderate per-
formance, 15-17.5 indicate good 
performance and 17.5-20 indi-
cate very good performance). It is 
involved in the questionnaire to 
provide some insight into wheth-
er the results in the Probability 

exams relate to prior knowledge or to the class conduct 
of the course itself. 

The chart in Figure 4 reveals that the vast majority 
of the students had moderate to very high grades in 
high school level mathematics, that is, grades ranging 
between 12.5 and 15, which are considered moderate, 
grades between 15 and 17.5, which are considered high, 

At the 5% level of significance, we cannot reject the 
null hypothesis (χ2 statistic = 2.441; df = 4; p-value = 
0.655), and thus, we conclude that gender is indepen-
dent of the view that using new technologies, such as 
specialized software increased their interest in the prob-
ability notions. 

The next question focuses on the performance of the 
students in Probability, as indicated by their grades 
on the first examination. This is a self-reported results 
question utilizing the 10-grade scale adopted in Greek 
universities (i.e., grades 0-4 indicate insufficient perfor-
mance, 5 indicates poor but sufficient performance, 6 
indicates moderate performance, 7 indicates high per-
formance, and 8-10 correspond to very high perfor-
mance). This question is directly related to the learning 

Figure 3

Percentage by gender regarding the grade in the first exam in Probability

Table 2

Test results for the use of new technologies and  
interest in Probability

		  Test statistic	 P-value	 df

	 Pearson χ2	 2.441	 0.655	 4
 
	 Number of	 500 
	 observations

Table 3

Test results for the grade in the first exam in Probability 

		  Test statistic	 P-value	 df

	 Pearson χ2	 2.709	 0.608	 4
 
	 Number of	 500 
	 observations
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department. Neither gender 
seems to stand out in the school 
mathematics performance.

Subsequently, we perform a 
χ2 test to investigate whether the 
mathematics grade achieved at 
school is affected by the gender 
of the student. This test is formal-
ly stated as:

�Ho: "Gender is independent 
of grade."
�H1: "Gender is not indepen-
dent of grade."

At the 5% level of signifi-
cance, we cannot reject the null 
hypothesis (χ2 statistic = 1.348; df 
= 4; p-value = 0.853), and we thus 
provide evidence that gender is 
independent of the school-level 

mathematics grade. 
The final question we discuss is concerned with the 

intention of the students to pursue graduate-level stud-
ies that involve subjects entailing substantial probabili-
ty content. This is again a 5-point Likert scale question 
with the answers indicating how likely the individual is 
to consider pursuing a relevant graduate program. The 
specific question seeks to identify whether the probabil-
ity theory courses have enhanced the students’ interest 
in the field and whether the relevant notions have been 
mastered enough for the individual to pursue advanced 
studies. The respective answers are summarized in 
Figure 5.

This chart highlights that, in 
general, the students do not want 
to pursue graduate studies that 
include subjects with probability 
content. At first glance, male and 
female students are relatively 
close in their tendency to avoid 
such subjects at the graduate 
level.

In order to formally examine 
whether gender affects the choice 
of a graduate program that is rel-
evant to Probabilities, we per-
form the following χ2 test:

�Ho: "Gender is indepen-
dent of the choice of a grad-
uate program, including 
Probability contents."

and grades above 17.5, which are considered very high. 
Overall, these results suggest that the students have 
probably been sufficiently well-equipped with regard 
to mathematical contents prior to the commencement 
of their studies. This is to be expected, at least to some 
extent, given the quantitative nature of the specific 

Figure 5

Percentage by gender regarding the choice of a graduate Program, including  
probability contents

Table 4

Test results for the school mathematics grade 

		  Test statistic	 P-value	 df

	 Pearson χ2	 1.348	 0.853	 4
 
	 Number of	 500 
	 observations

Figure 4

Percentage by gender regarding the school mathematics grade
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The evidence provided in this study implies that 
efforts to intensify the utilization of electronic means 
for educational purposes are of vital interest to the 
educational community and should be strengthened. 
On the other hand, gender-based diversification of the 
teaching conduct, as well as the subsequent electronic 
means, do not seem to be of particular relevance here. 
However, further research is essential before it can be 
argued that such diversification efforts do not provide a 
substantial prospect. Finally, we note that the nature of 
quantitative courses such as Probability, which is intel-
lectually demanding and may deviate from common 
experience, probably necessitates an appropriate com-
bination between conventional lecturing and employing 
electronic means, which allow for effectively address-
ing problems of increased complexity. The boundaries 
between these two elements are subject to the course 
contents as well as the learners’ background and poten-
tial. It is up to the teacher to assess and appropriately 
determine the exact setting for each course.   
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1=very little, 2=a little, 3=moderate, 4=a lot, 5=very much

1.	� Do you think that the application of electronic means 
in education has been more efficient in terms of the 
learning objectives of the course?

1 2 3 4 5

	

2.	� Do you think the use of new technology increased your 
interest in the course?

1 2 3 4 5

3.	� What was your grade in Mathematics in the Greek State 
Exams?

	

Under 10 10—12.5 12.5—15 15—17.5 17.5—20

  

4.	� What grade did you get on your first exam in Probability 
theory?

	
	

Under 5 5 6 7 8—10

 	
	  	
5.	� How likely do you think you would choose a 

graduate program that includes substantial content in 
probability?

	

Under 5 5 6 7 8—10

 

Appendix



The Fall 2023 issue features two Notes from the field on the teaching of 
arithmetic. Darrow takes a historical perspective, focusing on the early 
teaching of arithmetic in America and providing connections to modern 
pedagogy. Continuing the discussion on modern arithmetic pedagogy, 
Witherspoon discusses a first account of using Number Talks in an ele-
mentary classroom.
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early years, “Most children attended school at some 
time, but much education also came through the fami-
ly, the church and the workplace” (p. 4) and that many 
others “did without schooling, remaining illiterate or 
picking up the three R’s from parents or friends” (p. 4). 
The three R’s (reading, writing, and arithmetic) formed 
the foundation of the curriculum in early informal and 
formal schooling in the early United States. However, 
information on the teaching of arithmetic has received 
less attention in historical texts due to the emphasis 
placed on developing students’ ability to read and 
write, primarily to prepare them to engage with reli-
gious texts (Kaestle, 1983; Tyack, 1967). 

The basic four operations (adding, subtracting, mul-
tiplying, and dividing) and related calculations formed 
the core of early arithmetic learning in America (Cohen, 
2016). The teaching of more rigorous topics was gener-
ally subject to the widely varying proficiencies of indi-
vidual educators, which ranged from family members, 
tutors, schoolteachers, to mentors (Cohen, 2016). Many 
students did not reach learning beyond calculations 
with the four operations, and most students’ learning 
“ended with the Rule of Three” (Cohen, 2016, p. 122), 
which is a staple of early arithmetic teaching and refers 
to the solving of fractional proportions. The reasons 
for this ceiling of arithmetic learning include the pub-
lic sentiment that arithmetic learning was “regarded 
as too difficult for children younger than ten or twelve 
to study” (Cohen, 2016, p. 118) and that mathematical 
learning was of little use to most of America’s workers.

Briefly Recalling the Early Teaching and Learning of  
Arithmetic in America: Revisiting the Influence of Colburn’s  

First Lessons Two Hundred Years Since its Publication

Introduction

The first mathematical subject to enter school curricu-
lum in the United States was arithmetic, which was later 
followed by algebra in secondary schools and colleges 
in subsequent years (da Ponte & Guimarães, 2014; Kil-
patrick, 2014; Kaestle, 1983). In the earliest years of the 
United States, exact definitions of arithmetic were not 
generally or formally agreed upon or stated explicitly. 
However, several common elementary mathematical 
activities, such as numeration and calculation with the 
four operations, were ubiquitous in early writings on 
the subject (Slocomb, 1831; Colburn, 1821; Bjarnadóttir, 
2014; Cohen, 2016). Additional components of com-
mon arithmetic included the calculations with, and the 
properties of fractions, decimal numbers, proportions, 
measurement, and elementary accounting (Bjarnadóttir, 
2014; Cohen, 2016; Jones & Coxford, 1970; Karpinski, 
1940). There also seems to have been a distinction made 
in school curriculum at the turn of the nineteenth cen-
tury between arithmetic, which was characterized by 
concrete quantity and calculation, and algebra, which 
included the consideration of unknown and variable 
entities. 

Early Teaching of Arithmetic in America  

Consistent with the nature of education in the earliest 
years of the United States, the teaching of arithmetic 
began informally. Kaestle (1983) notes that in these 
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copybook or ciphering book, which were “widely used 
in the eighteenth century as substitutes for textbooks, 
ever in short supply” (p. 120). The students were dic-
tated rules and calculations that they dutifully copied 
into these books with little to no attention paid to the 
understanding of such mathematical work. 

A Shift in Pedagogical Approach

The majority of school children experienced arithmetic 
under the “rule method” through the turn of the nine-
teenth century and well into the common school move-
ment. Although it would take years, and in some cases 
decades, for schoolchildren and teachers in the United 
States to see it, a shift in mathematics education and 
research began taking place during the first fifth of the 
nineteenth century—one which focused on developing 
conceptual mathematical understanding. 

Due to the delay in reaching the classroom, this shift 
was arguably most visible in the development of text-
books. The textbooks from the colonial period, such as 
the widely used Cocker’s Arithmetick (1677), embodied 
the “rule method” and the associated characteristics of 
mental discipline (Bjarnadóttir, 2014). One of the ear-
liest texts that contrasted this viewpoint, was Samuel 
Goodrich’s The Child’s Arithmetic (1818), which encour-
aged the use of “manipulatives” or tangible objects to 
be used in the development of arithmetic understand-
ing. According to Cohen (2016), Goodrich argued “that 
learning by rules and rote actually prevented children 
from comprehending arithmetic” (p. 134). 

Goodrich’s text and his sentiments were significant, 
which were of the first to offer a consideration of peda-
gogical alternatives to the “rule method” which nearly 
completely characterized formal arithmetic teaching in 
the United States since the country’s inception. Wide-
ly considered to be the most significant in this regard 
was the “inductive method” developed from the ped-
agogical theories of the Swiss philosopher Johann 
Pestalozzi and championed in America by textbook 
author Warren Colburn (Cohen, 2016; Kilpatrick, 2014; 
Karp & Furinghetti, 2016). Colburn’s seminal text, First 
Lessons in Arithmetic on the Plan of Pestalozzi, with Some 
Improvements, was originally published in 1821, and 
was followed by the 1826 edition, the title of which was 
often adjoined with Colburn's name:  Colburn’s First 
Lessons. Intellectual Arithmetic, Upon the Inductive Method 
of Instruction (1826). The texts provided opportunities 
for students to discover arithmetic rules and develop 

Although several of the founding fathers and early 
statesman such as Benjamin Franklin, Daniel Webster, 
and, perhaps most vocally, Thomas Jefferson, received 
instruction in arithmetic and advocated for its expansion 
in curriculum in the 1700’s, widespread formal arith-
metic instruction in schools was not realized until well 
into the 1800’s (Cohen, 2016). However, during the early 
years of the United States and into the nineteenth centu-
ry, formal arithmetic was rarely, if ever, taught to females 
and non-white males (Cohen, 2016). Females were gen-
erally excluded from mathematical learning except at 
the “most elementary level” (Cohen, 2016, p. 139), part-
ly because girls did not progress in school past the first 
several years. Another factor was the prevailing and 
widely accepted notion that females could not compre-
hend arithmetic or other forms of mathematics (Cohen, 
2016). For non-white males, the pervasive racist societal 
structure of the country and active institution of slavery 
prevented many from participating in any formalized 
learning whatsoever (Cohen, 2016; Kaestle, 1983). 

The Prominent Pedagogy in Early American 
Arithmetic 

The prominent pedagogy of the informal and formal 
teaching of arithmetic at the turn of the nineteenth cen-
tury revolved around tenets of mental discipline theory. 
This theory, Kliebard (2004) notes, has its roots in antiq-
uity and is characterized by the assertion that “certain 
subjects of study had the power to strengthen faculties 
such as memory, reasoning, will and imagination” and 
that “certain ways of teaching these subjects could fur-
ther invigorate the mind and develop these powers” (p. 
4). Kliebard continues by noting the famous analogy 
of the mind as a muscle; and this muscle is strength-
ened by “vigorous exercise” (p. 4) often in the form of 
“monotonous drill, harsh discipline and mindless ver-
batim recitation” (p. 5). 

Historians and mathematics educators agree that this 
was quite visible in the teaching of arithmetic, and that 
the subject was particularly vulnerable to being naturally 
aligned with the theory. An instantiation of mental disci-
pline in mathematics education practice was the “rules” 
or “rule method” of teaching, where students were 
required to repeatedly memorize and apply numerical 
facts and procedures (Bidwell & Clason, 1970; Cohen, 
2016). Cohen (2016) notes that the learning “deliberately 
relied on memory, not on understanding” (p. 121). One 
pedagogical tool that illustrates this pedagogy was the 
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an understanding of the related concepts. Also notable 
was the text’s emphasis on “mental arithmetic,” which 
encouraged computation without pencil and paper, and 
the complete omission of other classic elements of “rule 
method” pedagogy such as the “Rule of Three” (Bjar-
nadóttir, 2014). 

The historical significance of this conceptual change 
in pedagogy was recognized immediately. Colburn’s 
first and subsequent texts were an “instant sensation 
among educators in the 1820’s” (Bjarnadóttir, 2014, p. 
447). Bjarnadóttir (2014) notes that this shift in pedago-
gy was so profound that “the vast diffusion of numeri-
cal skills in the United States from the 1820’s to 1900 is 
owed to [Colburn’s] influence” (p. 447). It is important 
to note that Colburn’s work is viewed historically as 
marking “the beginning of widespread concern with 
pedagogy in arithmetic teaching” (Bidwell & Clason, 
1970, p. 1). Cohen (2016) notes that shortly after its pub-
lication, the North American Review “prophesied ‘We 
have no doubt that Mr. Colburn’s book will do much 
to effect an important change in the common mode of 
teaching arithmetic” (p. 134). Additionally Bjarnadóttir 
(2014) noted that it “electrified educators with the star-
tling notion that children could learn arithmetic basics 
even before they could read and write” (p. 447), which 
stood in direct contrast to what had been the funda-
mental educational arrangement in American schooling 
since its inception.

This moment in the history of mathematics educa-
tion characterizes one of the first widespread consider-
ations of how students develop understanding and how 
pedagogy contributes to this. Moreover, it marks a shift 
in the aims of mathematics education. For it had been 
implicitly assumed that students should understand the 
mathematical content of arithmetic; however, the explic-
it statement of this as a goal and the academic treatment 
of how it should be attained was groundbreakingly 
new (Bjarnadóttir, 2014; Cohen, 2016). Another metric 
of the significance of this development is the fact that 
despite its beginning just over two hundred years ago, 
it “continues to resonate in educational theory and prac-
tice in the twenty first century” (Bjarnadóttir, 2014, p. 
447; Cohen, 2016). Therefore, one may trace the roots of 
many contemporary pedagogical debates in mathemat-
ics education to this moment in time, particularly with 
respect to the debate of best practices regarding the 
interplay between mathematical skills and procedures 
and the development of conceptual understanding. 

Connections to Today

In the two hundred years since Colburn’s semi-
nal text, the mathematics education community has 
reached a consensus that mathematics teaching which 
focuses solely on the memorization and the application 
of rules and procedures is generally bad practice. This 
is because tasks that focus solely on these elements of 
mathematics learning have been found to require low 
levels of cognitive demand and do not alone help stu-
dents form rich connections among the mathematical 
concepts at hand (Stein et al., 2000). Although proce-
dural learning should not be the sole focus or aim of 
mathematics learning, mathematics education research 
has also established that such learning is an essential 
component of mathematical understanding and profi-
ciency (NCTM, 2000; NRC, 2001). Therefore, it is clear 
that the pedagogy of the colonial period did address 
some elements of mathematical learning; however, it 
did not contribute to the holistic development of con-
ceptual understanding on which such a high pedagogi-
cal value has since been placed. 

Pedagogy that develops mathematics knowledge 
through deductive logic and proof, problem solving, 
and discovery or inquiry-based learning tasks has 
been shown to require the highest levels of cognitive 
demand and develop rich conceptual understanding 
(NRC, 2001; NGA, 2010; NCTM, 2000; Stein et al., 2000). 
However, such learning is not always present in many 
American classrooms today. Most often criticized are 
pedagogies that still value elements of the mental disci-
plinarian model and do not provide such opportunities 
for rich conceptual learning. The reasons for why such 
teaching is still prevalent are numerous and compli-
cated, but among the most common are restrictions of 
time, extensive curricular demands, inequitable access 
to instructional resources, and a resistance to changing 
traditional practice.

Although mathematics pedagogy has evolved sub-
stantially since the early nineteenth century, the field 
still wrestles with many of the issues that were present 
then. The impact of the mental disciplinarian approach 
on learning can still be seen in classrooms across Amer-
ica. Despite this, the last two hundred years have 
produced tremendous advances in the quality of math-
ematics teaching as well as our understanding of what 
it means to learn mathematics. Such a series of advances 
began in earnest with our forebears of the early 1800’s. 
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Taajah Felder Witherspoon
University of Alabama at Birmingham

Developing Number Sense with Number Talks 

When I was a beginning fourth-grade teacher, Dr. Sher-
ry Parrish, my math coach, introduced me to number 
talks. Number Talks are designed as computation prob-
lems for students to mentally solve, place fist on the 
chest with an extended thumb to show they figured out 
a solution, and then discuss their strategies for 5 to 15 
minutes (Parrish, 2010). During these early years, I real-
ized that I leaned towards being more teacher-centered 
when facilitating number talks. I primarily focused on 
students’ ability to mentally solve various problems for 
the sake of solving rather than customizing number 
talks to address the specific needs of my students.

When I became a Math Coach, I realized the impor-
tance of crafting problems to support learning through 
a more student-centered approach. When classroom 
teachers used anecdotal notes to create carefully 
designed problems, I observed a significant improve-
ment in their students’ performance, which confirmed 
the effectiveness of the approach. 

As an Assistant Professor, I have numerous oppor-
tunities to observe teacher candidates in classrooms 
across multiple districts. In these settings, I noticed 
(K-5) students counted every number starting from one 
with their fingers as their primary default strategy for 
addition and even multiplication. This motivated me to 
observe a second grade classroom in an urban setting 
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with the intent to later facilitate number talks to the 
class for five consecutive days. 

In this article, I provide examples of how strategic 
number talks implemented with purposeful questions 
can strengthen number sense and problem-solving 
strategies in an urban second-grade classroom. By using 
number talks to support students who employ limited 
and inefficient strategies to solve computation prob-
lems, I was able to anchor learning with conceptually 
based strategies rooted in understanding mathematical 
concepts, thereby enhancing their number sense. 

Although quick images with small numbers as seen 
on dot cards or ten frames are great ways to introduce 
number talks, I decided to start with fluency within 10 
by developing the strategy for doubles plus one (count-
ing on one more from a doubles combination) because 
the classroom teacher was working on adding double 
digits with multiple addends. Over the years, I have 
successfully used doubles and doubles plus one num-
ber talks to help students to become fluent within 10 
and then 20. I have also used this strategy to promote 
flexibility with numbers that can then be applied when 
adding larger numbers or multiple addends. The fol-
lowing sections provide a detailed explanation of each 
number talk employed throughout the week, with a 
summary also presented in Table 1. 
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Number Talks Goal: Doubles +1

Day I: During an initial observation when the second 
graders attempted to solve an addition problem with 
4 addends (24 + 62 +70 + 33), it was noted that every 
student defaulted to counting on their fingers or drew 
inefficient models such as flats and lines, which resulted 
in several unreasonable answers such as 698. To reduce 
the need for counting while fostering mental strategies, 
I created a number string (a set of related math prob-
lems designed to teach strategies based on relationships 
between numbers) that I felt students would have access 
to while solving the problems. For immediate engage-
ment, I posed the question, “If I am looking for the sum, 
what type of problem do you think I will write on the 
board?” After the students made several guesses, e.g., 
“plusses, minus, or times-ing” for addition, subtraction, 
and multiplication, I immediately wrote 5+5 and then 
5+6 on the board. Although I did not explicitly confirm 
the vocabulary word, I was intentional about using the 
academic language at the beginning of the number talk, 
e.g., “What sum did you get for 5+6?” After I received an 
answer, I responded with the follow up question, “Did 
anyone get a different sum?” Most of the students knew 
5+5 with automaticity and they all used the “counting 
all or counting on” strategies from 5 to solve the subse-
quent problem 5+6. For 6+6 and 6+7, the students solved 
in a similar manner, but one student counted on from 
the larger addend.

Day II. I posed 4+4 to tap into existing knowledge and 
then 4+5 to build upon previous learning. Again, many 
of the students knew the double (4+4) with automatic-
ity, but all defaulted to using a version of the counting 
on strategy to solve the subsequent problem (4+5). 
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Unlike the responses to the smaller doubles where 
they knew with automaticity, the students resorted to 
counting on their fingers to accurately determine the 
total for 7+7. To promote critical thinking, I posed the 
question, “If I continue with my mathematical pattern, 
what problem might I write next?” One student imme-
diately responded with 7+8. I asked them to consider 
why I might pose this question. In a pensive manner, 
one student calmly stated, “Well it is one more, so the 
answer is 15.” 

Day III. To further promote the strategy of “doubles 
plus 1,” I asked the students, “What problem could I 
use to help us to find the sum of 8+9?” Several students 
exclaimed in unison “8+8.” Even though the students 
were not asked to solve, many students excitedly shared 
that the sum of 8+9 is 17. For the next problem, the stu-
dents solved 10+10 with automaticity. But when pre-
sented with 10+11, only a few added 1 more to 20 or 
knew with automaticity, while most counted on their 
fingers from 10 or 11. It is important to note that the stu-
dents had more success in adding one when the teach-
er prompted them to think about a problem that could 
help them solve the problem at hand. 

Day IV. As a review, the teacher posed problems with-
out the doubles scaffold. Fortunately, the goal of dou-
bles plus 1 resonated with most students as evidenced 
in the strategies they shared for 7+8 and then 6+7. The 
students who shared used the doubles combination to 
solve, for example, “7+7 = 14, so 7+8 = 15.” 

Day V. When the students were asked to find the sum 
for 15+15, most students used the “counting on” strat-
egy to solve. As an indicator of great success, most stu-
dents displayed their silent thumbs immediately when 
they were presented with the problem 15+16. Success 

Table 1

Number Talk Strings and Purposeful Questions

	 Day	 Number Talk Strings and Purposeful Questions

	 Day I	� Purposeful question posed, “If I am looking for the sum, what type of problem do you think I will write?"   
5 + 5; 5 + 6 
6 + 6; 6 + 7

	 Day II	� 4 + 4; 4 + 5 
7+7; Purposeful question posed, “If I continue with my mathematical pattern, what problem might I write next?”

	 Day III	� Purposeful question posed, “What problem could we use to help us to mentally solve 8+9?” 
8+8 
10+10; 10+11

	 Day IV	� Review without a scaffold: 7+8; 6+7

	 Day V	 Formative Assessment: 15+15; 15+16



was also deemed by students only having one answer 
(31) to defend for a double-digit addition problem. In 
addition to properly using the term throughout the 
week, the second graders were able to correctly indicate 
the sum as being the answer to an addition problem. 

Reflecting on our Teaching and Learning

As I have shown in the number talk examples, the stu-
dents were more successful in implementing mental 
strategies than their previous attempts in solving addi-
tion problems with inefficient counting all methods on 
their fingers or through drawn representations. Accord-
ing to Kamii (1993) “algorithms are harmful because 
they unteach place value and hinder children’s devel-
opment of number sense.” Over the years I have noticed 
that if students are only presented with one way to solve 
a problem or traditional algorithms that are designed 
for memorization, number sense and problem solving 
can be daunting to students which is evidenced when 
students provide unreasonable answers. On the other 
hand, when teachers provide opportunities for students 
to engage in strategically planned number talks, stu-
dents will have the opportunity to demonstrate at least 
two of the Common Core Standards for Mathematical 
Practice: Construct Viable Arguments and Critique the 
Reasoning of Others as well as Attend to Precision e.g., 
introducing, reinforcing, and applying mathematical 
vocabulary. 

After engaging in five days of strategically craft-
ed number talks, the second graders demonstrated 
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flexibility of numbers and became more fluent within 
20 and flexible with sums up to 31. The students began 
to transition from solely counting on their fingers to 
making use of the mental strategy doubles plus one. 
I solidified this strategy by inviting the students to 
predict and think about the problems being posed. To 
further strengthen number sense and promote proce-
dural fluency, teachers could foster other mental strat-
egies through strategically planned number talks such 
as making tens or decomposing and solving by place 
value. The teacher can continue reinforcing the concept 
of doubles plus one with the number string 25+25 fol-
lowed by 25+26. 

In this article, I have demonstrated the benefits of 
focusing on an efficient strategy for students to con-
struct throughout the week. I encourage educators to 
consider using this model for fostering academic lan-
guage and strategies such as subitizing with quick 
images that can be used to support students as they 
transition from counting to reasoning strategies. 
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