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The Intricacies of the STEM Teacher Shortage 
 
Sarah Quebec Fuentes 
Texas Christian University 
 
Mark A. Bloom 
Dallas Baptist University  
 

Introduction 
 

When conducting an Internet search on the national teacher shortage in the popular media, words 
such as crisis, colossal, and critical appear. However, the nature of the teacher shortage in the United 
States is also complex (Barnum, 2022; McVey & Trinidad, 2019).1 Factors including region of the 
country, district-type, and subject areas must be considered. For instance, states have consistently 
reported a teacher shortage in STEM subject areas (e.g., AAEE, 2023; McVey & Trinidad, 2019). The 
present editorial is the opening of a series addressing our role as science and mathematics teachers 
and teacher educators in addressing the STEM teacher shortage. We start by presenting the problem. 
The following sections share data and literature that substantiate the shortage of teachers in STEM 
subject areas as well as related issues including declining enrollment in teacher education programs, 
perceptions of the teaching profession, race/ethnicity of the teacher population, and out-of-field 
teachers. 
 
Teacher Shortage 
 

Evidence shows a teacher shortage in STEM subject areas in the United States. Over the last 
two decades, states have identified shortages of teachers in Mathematics and Science (McVey & 
Trinidad, 2019). In the American Association for Employment in Education (AAEE, 2023) report, 
school districts conveyed Considerable Shortages of qualified applicants in all STEM subject areas 
(Mathematics, General Mathematics and Science, Physics, Chemistry, Biology, and Earth/Physical 
Science) for the Academic Year (AY) 2022-2023 as well as over the previous eight academic years 
(with a transition from mainly Some Shortage to mainly Considerable Shortage). This finding held true 
across most regions of the United States (with three regions reporting Some Shortage in some of the 
STEM subject areas). Data of teacher shortages for the AY 2022-2023 from the U.S. Department of 
Education (U.S. DOE, 2023) documents 31 states with shortages of mathematics teachers and 34 
states with shortages of science teachers.  

Further, school districts overall reported that 25% of newly hired teachers did not have 
traditional preparation, and 80% of school districts described having enough candidates for open positions as 
a Big Challenge in the hiring process (AAEE, 2023). For the AY 2022-2023, the majority of public 
schools with a vacancy reported Somewhat Difficult or Very Difficult for the anticipated level of difficulty 
in filling positions in Computer Science, Mathematics, Biology or Life Sciences, and Physical Sciences 
(IES, 2022). 
 

                                                       
1 We want to acknowledge that the editorials focus on data and literature reflecting the situation in the United States, 

which may differ from other countries (e.g., Fray & Gore, 2018; Han et al., 2018). 
 



ii     QUEBEC FUENTES & BLOOM 

Declining Enrollment in Teacher Education Programs 
 

One possible reason for the teacher shortage could be that enrollment in Teacher Education 
Programs (TEP) in the United States has been declining (AAEE, 2023; U.S. DOE, 2022a). Figure 1 
shows enrollment by program type (Traditional Programs; Alternative, Institute of Higher Education 
[IHE] Based Programs; and Alternative, not IHE-Based Programs). Across all program types, 
enrollment has decreased by 39% for AY 2008-2009 through AY 2020-2021. Specifically, enrollment 
has decreased in Traditional Programs by 51% and in Alternative IHE-Based Programs by 13%. In 
contrast, enrollment in Alternative not IHE-Based Programs has increased by 141% (U.S. DOE, 
2022b). Much of this growth is due to the enrollment in Alternative not IHE-Based Programs in Texas 
(e.g., 75% of the total enrollment in AY 2019-2021) as well as the growth in enrollment in Texas. For 
additional data by state, refer to the report, Preparing and Credentialing the Nation’s Teachers (U.S. DOE, 
2022a), and associated data sets (U.S. DOE, 2022b). 
 
Figure 1 
 
Teacher Education Program Enrollment from 2008 to 2021 by Program Type (U.S. DOE, 2022b) 
 

 
 
 

Similar trends exist across STEM fields in the United States. Table 1 presents the percent 
change (between AY 2012-2012 and AY 2018-2019) in program completers in STEM subject areas 
by the three program types (U.S. DOE, 2022a). Overall, the percent change shows a decrease in 
program completers for all STEM subject areas except for Computer Science. In particular, the 
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percent change indicates a decrease across all STEM subject areas in Traditional Programs and across 
most STEM subject areas in Alternative not IHE-Based Programs. Alternatively, the percent change 
demonstrates an increase in Alternative IHE-based Programs in all subject areas apart from 
mathematics. The findings of the AAEE (2023) report likewise align, with Colleges and Universities 
reporting a Considerable Shortage in qualified candidates in STEM degree programs (Mathematics, 
General Mathematics and Science, Physics, Chemistry, Biology, and Earth/Physical Science). 
 
Table 1 
 
Change (and Percent Change) in Program Completers in STEM Subject Areas from 2012 to 2019 (U.S. DOE, 
2022a) 
 

 Subject Area 

Program 
Type 

Mathematic
s 

Genera
l 

Science 

Biolog
y 

Chemistr
y 

Physic
s 

Earth 
Scienc

e 

Compute
r Science 

Traditional 
 

-47774  
(-42%) 

-1212 
(-30%) 

-918 
(-28%) 

-295 
(-29%) 

-149 
(-27%) 

-202 
(-36%) 

-15 
(-40%) 

Alternative
, IHE-
Based 
 

-95 
(-8%) 

141 
(26%) 

108 
(21%) 

45 
(26%) 

11 
(12%) 

43 
(80%) 

6 
(300%) 

Alternative
, not IHE-
Based 
 

34 
(2%) 

570 
(46%) 

-123 
(-23%) 

-105 
(-49%) 

-60 
(-41%) 

-46 
(-42%) 

12 
(67%) 

Total -4835 
(-34%) 

-501 
(-9%) 

-933 
(-21%) 

-355 
(-25%) 

-198 
(-25%) 

-205 
(-28%) 

3 
(6%) 

 
 
Perceptions of the Teaching Profession 
 
 The prestige of a profession “can be understood to mean the reputation and social standing 
that the profession holds in society as well as the respect and authority workers are afforded as 
professionals” (Kraft & Lyon, 2022, p. 7). In their examination of the state of the K-12 teaching 
profession in the U.S. over the last 50 years, Kraft and Lyon (2022) found that the prestige of the 
teaching profession experienced a decline in the 1970s, a rise in the 1980s, and a steady rate for 20 
years prior to the most recent decline starting around 2010. Currently, the perception of the teaching 
profession is at its lowest. 
 The present trend pertaining to the prestige of the teaching profession has implications for 
student interest in pursuing a career in education. Since the public’s view of professions influences 
students’ choice of career (Christensen et al., 2019; Han et al., 2018; Kraft & Lyon, 2022), student 
interest in becoming a teacher has followed a similar pattern as that of the prestige of the profession. 
Since 2010, interest in the teaching profession has decreased to its lowest level in the last half century 
(Bartanen & Kwok, 2022; Kraft & Lyon, 2022). 
 Students’ career interests are also influenced by family perceptions of professions (Christensen 
et al., 2019, 2022; Kraft & Lyon, 2022). With respect to the teaching profession, Christensen et al. 
(2022) found that one of the factors that predicted whether parents believe teaching would be the best career 
option for their children (p. 9) was parent perception of societal respect for teachers. Notably, in a Phi 
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Delta Kappan (PDK) Poll (2022), 62% of the adults surveyed indicated that they would not want their 
child to become a public school teacher in their community. In 2018, this percent was 54%, and all 
previous surveys the percent was less than 50%. 
 
Race/Ethnicity of the Teacher Population 
 

TEPs have made efforts to recruit and retain diverse teachers of color as they recognize the 
benefits that they bring to the education of students of color (Sleeter et al., 2014). Teachers whose 
race/ethnicity matches their students are better able to serve as mentors and role models and can 
better understand their students' cultural backgrounds (Egalite et al., 2015). As early as the pre-
Kindergarten years, research has noted improved learning outcomes for students when they are 
matched with teachers who share their race/ethnicity (Downer et al., 2016). For instance, Gershenson 
et al. (2021) found that black students who had just one black teacher by the third grade are 13% more 
likely to graduate high school and 19% more likely to enroll in college than their same-race/same-
school peers. The same study revealed that no such trend was detected among white students. 

Despite the evidence that a diverse teacher workforce is better for a diverse student body, 
Figure 2 shows that a great disparity still exists between the racial/ethnic make-up of U.S. K-12 public 
school students (Fabina et al., 2023) and the corresponding teacher workforce (Taie & Lewis, 2022). 
In 2021, non-Hispanic white students made up only 48.1% of the total enrolled students, yet 79.9% 
of K-12 teachers were white. In all other racial/ethnic groups, teachers were underrepresented. 
Hispanic students comprised 26% of enrolled students and 9% of teachers were Hispanic; Black 
students made up 13% of enrolled students and 6% of teachers were Black; and Asian students 
accounted for 5% of student enrollment and 2% of teachers were of Asian descent. These numbers 
closely match the diversity among science teachers. Zippia Career Expert (2023) used a database of 
30 million profiles to estimate the diversity among U.S. Science teachers and found the most common 
ethnicity of Science and Mathematics teachers to be white (72% Science, 72% Mathematics), followed 
by Hispanic (12% Science, 12% Mathematics), Black (8% Science, 8% Mathematics), and other (4% 
Science, 4% Mathematics). 

Figure 2 

Percent of Students and Teachers in K-12 Schools in 2021 

 

On top of the racial disparity, teachers of color are also reported to be leaving the profession 
at a higher rate than their white counterparts. A study by the Massachusetts Department of Elementary 
and Secondary Education (DESE, 2019) found an attrition rate of 12.5% among white teachers in AY 

https://www.zippia.com/science-teacher-jobs/demographics/
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2016-2017, but a higher rate of 17% for Latinx teachers and 24% for Black teachers. This trend 
appears across the country; Steiner and Woo (2021) found that one in four teachers indicated they 
planned to leave the profession by the end of AY 2020-2021, and that number was almost 50% among 
Black teachers. 

Out-of-Field Teachers 

This problem of teachers assigned to subjects that do not align with their area of expertise 
spans many subject areas but is especially challenging for Mathematics and Science teachers. As far 
back as 1990, the National Center for Education Statistics (NCES, 1996) found that among public 
school Mathematics students, approximately 25% were taught by Mathematics teachers who lacked 
even a minor in Mathematics or Mathematics Education. Similarly, 39% of public school Biology 
students had teachers who lacked even a minor in Biology or Life Science. The problem was even 
worse for Physical Science with 56% of public school Physics students in classrooms taught by 
teachers who lacked even a minor in Physics, Chemistry, Geology, or Earth Science.  

The problem has not improved over time. Shaw et al. (2019) indicated that between 2003 and 
2016, the number of out-of-field teachers in Chemistry and Physics classes has continued to increase. 
Among Mathematics teachers, only 58% were teaching in-field. Among those teaching out-of-field, 
14% not only lacked an in-field degree, but also lacked in-field certification (Shaw et al., 2019). Further, 
Nixon (2017) identified that out-of-field teaching was much more prevalent among new teachers as 
compared to seasoned, long-term teachers. Their data revealed that among 100 new Science teachers, 
more than 60% were required to teach Science subjects for which they were not adequately prepared.  
 

Conclusion 
 

In the present editorial, we have acknowledged the ongoing shortage of teachers in general 
and the fact that current enrollment in TEPs do not indicate an end to this shortage. We have further 
identified the problems of a general decline in the public’s perceptions of the teaching profession, a 
lack of diversity among K-12 teachers, and teachers assigned to subjects outside of their area of 
expertise. In the next editorial, we plan to discuss various reasons that have been attributed to the 
trends presented herein. We will then use the foundational knowledge from the first editorials to 
elaborate on practical ways in which we, as Mathematics and Science teachers and teacher educators, 
can contribute to building the STEM teacher workforce. 
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ABSTRACT 
 
Young learners benefit from learning and engaging in nature, but nature-based outdoor learning 
impacts on teachers are less understood. The present study examined elementary school teachers’ 
learning experiences with science instruction in outdoor natural settings. An Outdoor Science 
Education (OSE) program partnered with schools in the southeastern U.S. to provide standards-
aligned outdoor science lesson expeditions for fifth-grade students. Teachers reported their 
participation in expeditions improved their own content knowledge in science and contributed to 
their confidence teaching science and teaching in the outdoors. In addition, teachers reported their 
perceptions of students’ performance in their science classes and on standardized science tests. The 
teachers described their perceptions about how the expeditions improved their students’ 
engagement for learning and behavior in outdoor settings when compared to indoor science 
instruction. They discussed how these changes were most obvious for students who struggled with 
traditional classroom instruction. Using survey and interview data, we discuss the potential for 
teacher learning related to outdoor science instruction. 
 

 
Keywords: outdoors, elementary, science, student engagement 
 

Introduction 
 

Learning science in the outdoors may be particularly effective for young learners, but student 
success depends on elementary science teachers’ instructional practices (National Science Teachers’ 
Association [NSTA], 2020). Outdoor science instruction has shown potential to enhance motivation, 
behavior, and content mastery for many students (Carrier, 2013; Carrier et al., 2014; Szczytko et al., 
2018; Cheng & Monroe, 2012), and outdoor experiences can also support students’ critical thinking 
skills (Ampuero et al., 2015). When science instruction occurs in nature, students can connect directly 
with science’s cross-cutting concepts such as patterns in nature, life cycles, energy flow, and form and 
function (Cooper, 2015; Fägerstam & Blom, 2013; Next Generation Science Standards [NGSS] Lead 
States, 2013). Here we define nature as plants, animals, and other objects and organisms in the 
outdoors not made by people. Further, science instruction in nature supports interdisciplinary learning 
where students connect science with literacy, mathematics, and social studies (Eick, 2012; Junker & 
Jacquemin, 2016; McMillan & Vasseur, 2010). Linking science with other subject areas is known to be 
an effective instructional practice; connects content to students’ lives (National Research Council 
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[NRC], 2000; 2004), motivates students to engage in their learning (Banilower et al., 2010), and 
prepares students for careers in science (Feinstein et al., 2013). While the benefits of outdoor learning 
experiences for students are well-documented (Cooper, 2015; Harvey et al., 2020; Rios & Brewer, 
2014; Wistoft, 2013), less is known about how outdoor learning experiences impact teachers, 
particularly K-5 teachers who often have limited science backgrounds (Smith, 2020). Here we examine 
teachers’ participation in one outdoor science education (OSE) program’s support of science 
instruction at elementary schools in the southeastern United States. Our research questions asked:  
 
1. What are the relationships between elementary school teachers’ participation in OSE 

experiences led by naturalists and their perceptions of their own and their students’ science 
content knowledge? 

2. What are the relationships between elementary school teachers’ participation in OSE 
experiences led by naturalists and their perceptions of science instruction and outdoor 
science instruction? 

3. What are teachers’ perceptions of their students’ engagement in science and behaviors 
following their participation in an OSE program? 
 
We begin with a sociocultural frame, then provide an overview of the documented need to 

support elementary teachers’ science instruction, outdoor learning, and teachers’ expectations of 
student learning. Each of these components positions our study’s focus on teachers as learners.  
 

Theoretical Framework 
 

The present study is situated in Vygotsky’s (1978) sociocultural framework that identifies 
learning as an interactive phenomenon by which people learn through their social interactions. 
Humans develop cognitively through social interactions in guided learning, where participants co-
construct knowledge with other learners (McLeod, 2014). According to Vygotsky, learning occurs 
through interactions with others who possess varying degrees of knowledge. Those with a higher level 
of knowledge are referred to as a “More Knowledgeable Other” (MKO). The MKO may model 
behavior or vocabulary that guides other learners. The MKO does not necessarily need to be a formal 
teacher but may be a peer or a tool (in the case of a computer tutorial program or device) that holds 
more knowledge about a topic than the learner. When members of a group learn and develop together, 
they enact Vygotsky’s concept of MKO (Abtahi, 2017; McLeod, 2014; Moalosi, 2013).  

As with young learners, sociocultural experiences also support adult learners (Wang, 2018; 
Wang et al., 2010). Even though teachers are generally viewed as the MKO relative to their students, 
they can simultaneously share the role of learners with their students. When teachers possess science 
content knowledge and explore ways to share this knowledge with their students, teachers’ own 
learning continues as they hone their instructional practices. Further, science instruction reforms note 
that “learning science involves learning a system of thought, discourse, and practice—all in an 
interconnected and social context—to accomplish the goal of working with and understanding 
scientific ideas” (NRC, 2012, p. 252). In this study, we focus on teachers as learners and examine the 
relationships of their participation in outdoor expeditions with their perceptions of their students and 
of their own science content knowledge and instruction practices.  

 
Literature Review 

 
 The marginalization of science instruction in elementary schools is well-documented and 
persistent. Data from the 2018 National Survey of Science and Mathematics Education (Plumley, 2019) 
suggest that only 18% of primary and 26% of intermediate elementary students receive science 
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instruction on all or most days in a school year. Teachers report challenges that inhibit science 
instruction beyond time limitations that include elementary teachers’ low self-efficacy in science and 
few opportunities for teacher professional development. 

In a recent national survey examining trends in science education (Smith, 2020), only 31% of 
elementary teachers reported they felt well-prepared to teach science. During their teacher preparation, 
only 34% of elementary teachers participated in science content coursework in life, physical, and earth 
science as recommended by NSTA (2012). A comparison of survey data from 2012 to 2018 found 
that elementary teachers’ beliefs about science instruction continue to align with traditional instruction 
rather than reform-based teaching practices. These data indicate a lack of teacher exposure to 
professional opportunities to learn and rehearse effective science instructional practices to support 
their students (Smith, 2020).  

While such findings identify a need for teachers’ professional development in science, less than 
60% of elementary teachers reported participating in science content or science methods professional 
development in the preceding three years, and 24% had never participated in science-related 
professional development (Smith, 2020). Such opportunities for professional development in science 
vary widely and are offered at varying frequencies. When professional development focuses on content 
knowledge and includes active learning, teachers report positive increases in their knowledge, skills, 
and changes in their classroom practices (Garet et al., 2001). 

As teachers build their content knowledge, their knowledge of teaching practices can also 
expand beyond traditional instruction to include reform instruction (Feiman-Nemser, 2008). This 
content knowledge (CK) and the practice of teaching, or pedagogical knowledge (PK), contribute to 
teachers’ pedagogical content knowledge (PCK) (Loughran et al., 2001; Shulman, 1986). Teachers with 
solid content knowledge are often also pedagogically skilled at incorporating effective instructional 
practices such as rich questioning during student engagement in science activities (Anderson, 2002; 
Anderson & Helms, 2001; Kennedy, 1998). Baumert and Kunter’s (2013) model of professional 
competence includes CK, PCK, and PK, as well as teachers’ beliefs about and motivation to teach. 
Park and Oliver (2008) developed an organizational tool of observable components of PCK that 
includes teachers’ “(a) orientations to science teaching, (b) knowledge of students’ understanding in 
science, (c) knowledge of science curriculum, (d) knowledge of instructional strategies and 
representations for teaching science, and (e) knowledge of assessments of science learning” (p. 264). 
Their pentagonal model supports the dynamic nature of teacher development of PCK. 

Helping teachers shift from traditional teacher-centered instruction to reform-based student-
centered teaching demands professional development that provides models and supports ongoing 
teacher rehearsals with this pedagogy (Desimone et al., 2002). In one study that documented teachers’ 
struggles with this shift, teachers designed outdoor spaces for their students as part of their 
professional development. These teachers reflected on their challenges in shifting from teacher-
centered instruction to student-centered instruction (Catapano, 2005). Desimone (2009) identified 
features of effective professional development that include active learning, coherence with classroom 
instruction, content focus, collective participation with PD developers and other teachers, and 
opportunities to practice. While the OSE in the present study is structured for student learning, we 
identify features that served as professional development for teachers, including active learning in the 
outdoors (Glackin, 2016).  

 
 

Outdoor Learning 
 

Researchers have identified the complexity of learning features that inform best practices for 
student learning. In How People Learn II, the roles of environmental, social, and cultural influences are 
described: 
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Learning is a dynamic, ongoing process that is simultaneously biological and cultural. 
Attention to both individual factors (such as developmental stage; physical, emotional, and 
mental health; and interests and motivations), as well as factors external to the individual (such 
as the environment in which the learner is situated, social and cultural contexts, and 
opportunities available to learners), is necessary to develop a complete picture of the nature 
of learning (National Academies of Science, Engineering, and Medicine [NASEM], 2018, p. 
9).  
 

Outdoor science instruction has the potential to support students‘ physical, socio-emotional, and 
mental health developmental factors, and situating learning in the outdoors can motivate student 
learning. Researchers have found that outdoor instruction can improve students’ science test scores, 
support their applications of science content to real-world situations, increase student enthusiasm and 
interest in science, and enhance emotional and cognitive development (Dillon et al., 2006; Lieberman 
& Hoody, 1998; Kahn & Kellert, 2002; Malone, 2008). Such enhanced cognitive and affective 
outcomes (Eaton, 2000) have further been found to improve student attitudes and comfort in the 
outdoors (Carrier, 2009; Cheng & Monroe, 2012) and encourage students’ critical thinking skills 
(Hungerford & Volk, 1990). In an analysis of 18 research articles on outdoor learning, Ayotte-Beaudet 
et al. (2017) found that “when outdoor teaching and indoor teaching are coordinated to complement 
one another, a more positive effect on learning can be expected than when compared to indoor 
teaching alone” (p. 5355). These studies showed that students can make connections beyond the 
classroom when teachers combine outdoor experiences with indoor science instruction. Such shared 
social connections enhance students’ conceptual knowledge by providing students authentic 
applications for their new learning.  

In addition, students’ direct connections to nature have been found to increase their interest 
in and motivation to learn science (Lindemann-Matthies, 2005; Skinner and Chi, 2012; Zoldosova & 
Prokop, 2006). Other researchers have found that sustained experiences in nature can impact young 
children’s attitudes about nature that extend into adulthood (Ewert et al., 2005; Wells & Lekies, 2006). 
By facilitating children’s connection to nature, such experiences have potential to enhance students’ 
lasting interest in science. 

Despite the affordances that outdoor contexts provide for learning about topics such as 
weather patterns or life cycles (Glackin, 2016; Rickinson et al., 2004), teachers rarely situate their 
instruction in the outdoors. Teachers have reported obstacles to outdoor instruction that include their 
limited awareness of outdoor activities, perceptions of a disconnect with instructional standards, time 
constraints, lack of administrative support, classroom management concerns, transportation costs, 
limited resources, and safety risks (Lock, 2010; Palavan et al., 2013). As teachers learn to negotiate 
these challenges, they can provide young students opportunities to engage with phenomena in outdoor 
settings and build a strong base for students’ future learning. 

 
Elementary Science Instruction 
 

Including authentic science experiences in primary grades helps children learn and are the 
context for the present study. Decades of research on teaching and learning science have revealed that 
young children’s scientific reasoning skills are more sophisticated than previously thought (NRC, 
2007). Teachers can capitalize on these findings by providing students with early and rich science 
learning opportunities that focus children’s scientific reasoning skills and help shape their experiences 
and prolong their interest in science. While student interest in science can persist through elementary 
school (DeWitt & Osborne, 2007), studies have found that their interest frequently wanes as they 
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enter middle school (Archer et al., 2010). Children’s early interest in science is a strong indicator of 
their potential to pursue science studies and careers (Maltese & Tai, 2010), emphasizing the need for 
teachers to nurture in students an enduring interest and engagement in science. Significantly, teachers’ 
expectations can influence students’ motivation and performance (Florea, 2007) and play a critical role 
in capturing and nurturing their students’ interest in science. Because students’ K-5 experiences 
frequently establish a trajectory for their future learning, teachers’ expectations and support are critical 
for all students, including those traditionally underserved in science classrooms and careers. Zargona 
and colleagues (2017) identified a need for more research on strategies for meeting the needs of all 
students in inclusion classrooms, and these needs include teachers’ positive expectations.  
 
Expectation Bias 
 

Much research has focused on how teachers’ expectations of students from academically 
stereotyped populations may diminish the quality of instruction they deliver to these students 
(Weinstein et al., 2004). Expectation theories identify the impact of teachers’ expectations on student 
achievement (Cooper, 2000). McKown and Weinstein (2002) found that African American students 
were more vulnerable to negative teacher expectations than their European American peers. Other 
studies have identified that teacher expectations related to students’ gender and ethnicity can influence 
student performance (Retelsdorf, 2015; Rong, 1996; Timmermans et al., 2015). Relatedly, teacher 
expectations for students identified with learning disabilities have been found to impact their ratings 
of students’ personal attributes and achievements (Rubie-Davies, 2006; Sorhagen, 2013; Woodcock & 
Vialle, 2011). When teachers’ interactions with their students extend beyond the traditional classroom 
experiences, there is potential to broaden teachers’ perceptions of their students’ potential. In her 
work with schoolyard learning, Feille (2013) noted that when instruction expands beyond the 
classroom walls, teachers and students share direct experiences in the outdoors that can positively 
impact teacher-student relationships. Situating some science lessons in the outdoors has potential to 
reach students who may not be well served by traditional instruction. The range of experiences 
possible in the outdoors offers opportunities for teachers and students to engage in multiple learning 
modalities making learning accessible to a broad range of students (Eick, 2012; Harris, 2018; Rios & 
Brewer, 2014). 
 

Methodology 
 

This study is part of a larger examination of an OSE program that focused primarily on student 
outcomes (Szczytko, 2018; Stevenson, 2021). The present study extends this work to examine the 
teacher participants’ perceptions of the OSE program’s impact on their students’ science learning and 
on their own learning of science content and science instruction. A mixed methods embedded design 
(Creswell, 2014) was employed in this study. All participants were recruited from the OSE program’s 
database (N = 65).  

The primary data source presented here is qualitative semi-structured interviews (see Appendix 
A) with teachers (n = 30) regarding their experiences in the OSE and their perceptions of their 
students during and after these experiences. In order to supplement the qualitative data, we decided 
to also include survey data to quantify the response categories and identify patterns and tendencies 
with the corresponding qualitative data. We sent a survey request the same sample population of the 
65 OSE teachers, and to protect teacher identity of those who responded (n = 33), we administered 
an anonymized five-question targeted quantitative survey (see Appendix B).  Embedded designs are 
appropriate for these analyses as the additional quantitative data supplements the primary qualitative 
data to provide additional evidence and aid in data interpretation (Creswell & Plano Clark, 2011). This 
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protocol was approved as exempt from the ethics review process by the Institutional Review Board 
for the Protection of Human Subjects in Research (NC State University IRB # 12084IRB).  
 
Study Context 
 
 The context of this study highlights a partnership between one private, non-profit OSE 
program and participating schools, teachers, and students in a southeastern US state. The partners’ 
mutual goals focused on supplementing fifth-grade teachers’ science instruction in the classroom and 
engaging students in outdoor learning experiences. The teachers’ main goals were to enhance their 
students’ science learning, and the OSE program’s primary mission was to excite students about the 
wonders of science in nature situated in outdoor expeditions. These complementary goals positioned 
the OSE program to guide students and their teachers through a host of outdoor activities directly 
aligned with the state’s science standards.  

Schools apply to participate in the OSE program, and once approved, instructors called 
“naturalists” meet with teachers before their first expedition. During these meetings, the naturalists 
and teachers schedule multiple expeditions across the school year, and together they collaboratively 
align their presentation topics with state science standards and teachers’ schedules. In the state where 
the study was conducted, as in many other US states, fifth grade is the only elementary school grade 
where science is assessed; thus, the emphasis on the state’s science standards.  The OSE naturalists 
developed outdoor activities to facilitate students’ engagement in outdoor activities while also 
supporting teachers’ goals by addressing the state standards-based science content that is tested. The 
grade 5 standards include ecosystems, weather, landforms, and life cycles that align well with outdoor 
learning. The OSE naturalists’ science content activities exposed students and teachers to science 
practices as they asked students to generate and interpret evidence, and they scaffolded students’ 
efforts to form explanations of the natural world (NRC, 2012). Their instructional models further 
facilitated students’ connections to cross-cutting concepts such as patterns, cause and effect, structure 
and function, and systems (NGSS Lead States, 2013). 

The naturalists offer each partner school up to nine expeditions per school year, and most 
schools average around five expeditions per year. At least one of the expeditions takes place in the 
schoolyard. More frequently, students and teachers travel to nearby natural areas with the naturalists 
for a day of science learning and engagement in the outdoors. During the expeditions, the classroom 
teachers serve in various roles. Sometimes teachers choose to observe the lessons or serve as 
chaperones to monitor student behaviors, while other times, teachers actively participate in activities 
along with their students.  
 
Participants 
 

Participants in this study were recruited from the OSE program’s participant database. The 
database consisted of 65 teachers whose schools have engaged in expeditions with the OSE program. 
Each teacher was individually contacted via email to request their participation in an interview. Thirty 
teachers agreed to participate in a phone interview (46% response rate); of these 27 respondents 
identified as female, and three identified as male. The teacher participants had participated in this OSE 
program for between one to 12 years, with an average of 3.75 years. A separate email with an active 
link to the survey was sent to the same 65 teachers from the original database to request participation. 
Of the 65 teachers, 33 teachers anonymously responded to the online survey (50.8% response rate). 
In an effort to help teachers feel comfortable in honestly sharing their experiences, we prioritized 
protecting teacher identity; thus, we were not able to align survey data with interview responses. All 
teacher names are pseudonyms. 
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Data  
 
Qualitative  
 

We conducted semi-structured interviews with each teacher participant (See Appendix A). 
Each interview lasted between 25 to 45 minutes, and interviews were audiotaped and transcribed. The 
interviews were conducted by phone, with the majority administered by the second author, who at 
that time was a graduate research assistant. Before the start of each interview, the study’s aims and the 
interviewee’s rights were reviewed. We obtained informed consent from all participants. The interview 
process followed a specific sequence of open-ended questions guided by Vygotsky’s (1978) 
sociocultural learning theory that asked the teachers their perceptions about how participating in the 
OSE programs with the naturalists impacted their learning about science concepts, instructional 
strategies, comfort in teaching science, and teaching in the outdoors (see Appendix A). The base 
questions were supplemented with follow-up questions that allowed the teachers to elaborate and 
clarify their responses.  

 
Quantitative  

 
The online survey (see Appendix B) consisted of response items using a five-point Likert-type 

scale. The survey questions aligned with research questions to identify patterns and support the 
qualitative findings. The teachers were asked their perceptions about to what extent the OSE 
supported their own learning, their comfort teaching science, their comfort teaching science in the 
outdoors, and their perceptions of their students’ science learning and experience in the outdoor 
expeditions. Additionally, teachers were asked to report on their frequency and levels of participation 
in OSE expeditions. The findings provided a more holistic view and context for the qualitative 
descriptions from the semi-structured interviews. 
 
Data Analysis  
 

The interviews were recorded and transcribed, and the transcriptions were coded using a priori 
coding themes (Creswell & Plano Clark, 2011) derived from the research questions and positioned 
within Vygotsky’s framework of sociocultural learning as teachers participated the OSE along with 
their students. Additional themes (See Table 1) emerged from the teachers’ responses and contributed 
to the developing theme of teachers as learners. 

As recommended by Hsieh & Shannon (2005), interview data were used to construct valid 
inferences to understand the teachers’ perceptions of the OSE experiences. The data analysis occurred 
in several phases using an inductive process. Three researchers continuously discussed the coding 
procedures throughout all data analysis phases to assure consistency and provide trustworthiness and 
reliability of the data to ensure the integrity of the research process (Nadin & Cassell, 2006). The 
researchers initially read and coded the same four randomly selected transcribed interviews, then 
compared for coding decisions. The researchers discussed code interpretations and, when necessary, 
the codes were reviewed and revised until interrater reliability (Krippendorf, 2011) reached 90% 
agreement. In the next phase of data analysis, the remaining 26 transcribed interviews were randomly 
assigned to be coded independently by the three researchers. Survey data were analyzed, and 
descriptive statistics regarding teachers’ perceptions of their learning and student learning were 
calculated using Stata 16 software. Correlation coefficients were calculated using Pearson’s R to 
estimate correlations between teachers’ perceptions of their own engagement and learning and that of 
their students.  
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Table 1 
 
Coding Themes and Sample Quotes 
 

Coding Themes Description Sample Quotes 

Science Content Knowledge  Teachers’ perceptions of their and 
their students’ science content 
knowledge  

Also, my own knowledge of local 
botany and wildlife and things like 
that, I have learned. 
 

Instructional Strategies - Science Teachers’ views about science 
instruction 

I just love the fact that it's a way 
for our kids to connect hands-on 
to our environment and to ideas 
about conservation and things 
that are going to be lasting 
impacts...they got to create 
animals out of natural materials 

Outdoor Teaching and Learning The outdoors as a setting for 
teaching and learning 

It's one thing to read about 
ecosystems, [but another] to be 
able to actually be out and see the 
actual things, roll over dead logs 
and then find out what's living 
underneath them 

Teachers’ Views of Students Teachers’ descriptions of their 
students in outdoor learning. 

They were focused, they were 
excited. They listened very well. 
They were willing to do more and 
participate more outside than 
versus inside of the everyday 
paper-pencil. 

Teacher as Learner Teachers’ descriptions of their 
own learning  

Science itself I can teach, but 
being able to connect it to the real 
world in front of them- that was a 
little bit harder for me - so I think 
that improved.  

 
Findings 

 
The teachers’ voices from interviews and survey responses are organized around the coding 

themes that emerged through the inductive analysis process. These findings include teacher interview 
data and patterns from aggregated survey data. 

 
Teachers’ Science Content 
 

The science content of the OSE activities addressed the state’s science standards for grade 5. 
In the interviews, the teachers described OSE lessons on forces and motion, aquatic ecosystems, 
terrestrial ecosystems, weather, energy and matter, and heat transfer. Despite the fifth-grade teachers’ 
familiarity with the science content topics, 23 of the teachers described their learning or “relearning” 
science content by the OSE, both within and beyond the standards topics. Darcy felt that her 
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participation in the outdoor program activities built her “own knowledge of local botany and wildlife,” 
and Valerie explained her own learning from the naturalists, “I feel like I learned a lot just from hearing 
from another science expert.” Some teachers referenced elementary teachers’ preparation as 
generalists and their limited backgrounds in science. Alexandra described teachers learning science 
content from the naturalists’ instruction strategies: 

 
 I definitely think it's [OSE] empowering to a lot of teachers. I have a lot of teachers that are 
on my team that don't know a lot about science. It's been really helpful to them. They've [said], 
‘I had no idea that heat transfers in that way. I had no idea about all these [concepts], about 
the plants.’ 
 

Abby described connecting the outdoor experiences to her indoor science lessons and her learning 
along with her students: 
 

As a teacher and getting outside - and actually participating in the field and the experiments - 
to me, it gives the students and myself so much more actual hands-on than we can do in the 
classroom…Then we bring it back into the classroom and even today during science, we were 
talking about one of our earlier expeditions because we always bring it back. We were talking 
about fungi and talking about how we saw it on our trip. It keeps bringing everything around 
and it's interesting and we all learn from it. 
 

In addition to teachers’ descriptions of their own learning, many described their perceptions of their 
students’ learning science content. 
 
Teachers’ Perceptions of Students’ Science Content 
 

Jaden and Darcy used their students’ performance on standardized science tests as measures 
of students’ science content knowledge. Both attributed students’ strong test scores to their 
participation in the OSE activities. Jaden explained, “The year that we did [OSE], I had the top 20% 
highest scores in the state…My kids were all identified in some way with some label [learning or 
behavior disability]…everyone did well in science.” Darcy said, “We noticed that our scores did go up 
and then we also saw [when] another school in the county dropped it [OSE program], their scores 
went down and ours were still high.” 

Data from the teacher surveys (see Table 2) also indicated that while the teachers felt that 
participation in the OSE program supported students’ science learning, it also supported teachers’ 
learning.  

There was a significant positive correlation between teachers’ perceptions of students’ learning 
and their own learning (r(29) = .47, p <.01). Approximately half of the teachers (45.5%) stated they 
learned “a great deal,” 30% reported that they felt their learning was “only moderately” impacted by 
their participation in the OSE, while 6% (two teachers) reported that they felt that the experience did 
not support their learning at all. During the interviews, teachers who reported learning little from the 
OSE experience explained their already strong sense of self-efficacy in their science content 
knowledge and knowledge of science instruction. The teachers’ reflections of their students’ learning 
followed clear patterns, with twenty-five (75.8%) of the teachers reporting that the OSE supported 
their students’ learning “a great deal.” Only one teacher (3%) reported that the OSE “only 
moderately” supported their students’ learning, and none of the teachers felt that their students failed 
to learn from the expeditions. In addition to the teachers learning science content, many teachers 
described learning from watching the naturalists’ teaching methods. These methods included OSE 
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naturalists asking students to design and build models, connecting interactive activities to classroom 
experiences, and extending instruction beyond the four walls of the classroom, as we examine in the 
next section. 

 
Table 2 
 
Descriptive Data from Surveys 
 

Survey Item Mean  SD Variance 
How often do you participate in the expeditions with your students? 4.6 0.9 0.8 
How comfortable do you feel: 
teaching science to your students? 4.6 0.7 0.6 
teaching science through outdoor experiences? 4.2 0.7 0.5 
To what degree has OSE supported:      
comfort level in teaching science?   3.7 1.2 1.5 
your students' learning?    4.7 0.5 0.3 
your learning?       4.0 1.1 1.2 
Note: Data were collected in a 5-point Likert-type scale of 1 = “Not at all” to 5 = “A great deal” 
 
Instruction Strategies 
 

The teacher participants described various instruction strategies they learned from observing 
the naturalists working with their students that aligned with their standards-based science instruction. 
Valerie said, “I feel like I learned a lot in the way that they presented information and conducted 
activities. I feel like it gave me maybe just a better love of science and how to engage the students in 
science.” Relatedly, Ellen pointed out that situating instruction in the outdoors helps students connect 
science to life outside the classroom. “Giving students the opportunity to explore outside, they can 
see [science] in real-life. Real-life applications.” Robert described similar views of science instruction 
in outdoor settings: 

 
It's one thing to read about ecosystems, but to be able to actually be out and see the actual 
things, roll over dead logs and then find out what's living underneath them, and because when 
we're studying about decomposers, we can actually see them live and experience them. I think 
it just adds a lot to the learning process and they appreciate that opportunity. 
 

He went on to describe his learning instruction strategies from the naturalists, “Just seeing how they 
structure it and how they tie in those standards with the activities. It lets you see a model for how it 
can be.” 

In addition to student engagement in the outdoor lessons, the teachers described the OSE 
expeditions as confidence-building experiences for their teaching and learning in the outdoors. 
Lindsay explained, “Prior to this experience, I had never taken children outside for learning except an 
occasional field trip...I feel much more confident now taking them on expeditions outside.” Bob 
appreciated that the OSE naturalists capitalized on “teachable moments” when he said: 
 

When things get pushed by their [students’] wonderings and understandings beyond what is 
just that objective…they're [naturalists] able to roll with what's interesting to them and pushing 
that envelope rather than just stopping straight at the content. 
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Twenty-three of the 30 teachers who were interviewed described how being outside with the 
naturalists alongside their students influenced their instruction and their learning strategies for 
authentic science activities and “hands-on” learning. Eight of the teachers valued science instruction 
that connected science with students’ lives and used terms like “real world” and “real life” 
connections. Fifteen of the teachers described the interdisciplinary instruction potential of outdoor 
experiences. Ashley explained that the outdoor experiences shed new light for her about “how 
everything is interconnected.”  

 
Learning in the Outdoors 
 

Many of the teachers described learning the benefits of situating instruction in the outdoors. 
Jamie elaborated: 

 
I think they see that science is not just in the classroom...I think that's one of the biggest 
benefits that the students get because they're able to make the connection that you don't have 
to be in a classroom to learn science or to gain new knowledge about science. 
 

Cassidy’s perception of science instruction in the outdoors addressed both cognitive and affective 
contributions of situating science in the outdoors, saying, “I am just reassured that this [the outdoors] 
is a good environment to learn. There are learning opportunities that we wouldn't have in the 
classroom. It definitely sparks their interest and their curiosity.”  

During the interviews, the teachers often spoke about how the OSE experiences expanded 
their own cognitive and affective connections to science teaching. Jaden explained that the outdoor 
experiences positively impacted her feelings about teaching science, “This program has tightened my 
comfort in teaching science. I love it even more.” Darcy also described her learning the critical 
instruction practice of connecting to students’ lives. “Science itself I can teach, but being able to 
connect it to the real world in front of them, that was a little bit harder for me, so I think that 
improved.” Several of the teachers described their experiences with the naturalists taking on the role 
of the MKOs in expeditions. Darcy explained: 

 
When they [OSE program naturalists] teach in the woods, they are not only teaching the 
curriculum, but they're also bringing in local issues like invasive species that I didn't necessarily 
know, so that way I can kind of connect it with something around them a little bit better. Then 
actually applying--like when we did simple machines, and they're [the students] applying it for 
[designing] the bear bag [with pulleys] to hang food and stuff.  
 

Sharon also described her learning science instruction strategies that connect to students’ lives, to 
nature, and to classroom learning: 
 

They’re [OSE program naturalists] actually tying it back to what the students are learning in 
the classroom. I just love the fact that it's a way for our kids to connect hands-on to our 
environment and to ideas about conservation and things that are going to be lasting 
impacts...they got to create animals out of natural materials that were found in the woods, and 
then they got to talk about the adaptations that they had from living in that area.  
 

In describing how participation in the OSE program impacted her instruction strategies, Jamie 
elaborated on her role as learner: 
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I've gained so much information from them and the activities that they provide as well as just 
their knowledge base. I guess I'm almost a student to some degree because I'm taking notes 
and trying to capture their activities that they do so we can recreate them in the classroom. 
 

Relatedly, Lindsay gave a specific example of how participation in the OSE with her students impacted 
her learning about science instruction. 
 

It has definitely helped my teaching. I had mentioned to the OSE instructor that I was 
struggling, and my students were struggling, with understanding motion graphs. When she 
[naturalist] did her activity, everywhere that we walked that day we paused occasionally, and 
she had a student collect the data and created a graph and graphed our own motion.  
 

Jamie and Lindsay both described that they learned science instruction practices from the MKO 
naturalists that tap into students’ creative thinking and active learning. While many variables influence 
teachers’ perceptions of their science teaching and outdoor instruction, the teachers’ learning 
expanded beyond their perceived knowledge of science and instruction strategies. In the following 
section, we document teachers’ descriptions of learning more about their students. 
 
Teachers’ Perceptions of Their Students’ Behaviors and Engagement in Science  
 

In addition to the OSE supporting teachers learning of effective science instruction through 
connecting to students’ lives in the outdoors, the teachers also reported that the experiences altered 
their perceptions of students’ cognitive and affective connections to their learning. Jaden explained 
how her perception of one student changed following the OSE, “Last year we had a kid who was in 
an alternate behavior classroom. The deal was that he could go on the expedition on a trial basis. This 
kid was probably one of the best-behaved kids out there!”  

Margo commented on the potential for outdoor experiences to engage all students in science. 
“I do honestly think that it could encourage students to love science more, especially some of those 
girls who have started to get away from liking science and math.” The teachers often described seeing 
their students in new and different ways. As Reese explained, “We get to take a step back and view 
our students in a completely different environment, with a different teacher and we can just learn 
more about them that way.” In addition to seeing their students’ interactions with different teachers, 
Cassidy described the transition of student behaviors in the outdoor settings saying, “Some of the 
students who don't speak up in class, they were speaking up and were on it. They speak up in the 
outdoors, but not in the classroom.” Lacey had similar observations about her students “They were 
focused, they were excited. They listened very well. They were willing to do more and participate more 
outside than inside with the everyday paper and pencil.”  

Other teachers spoke directly about students who have been identified as learning or 
behaviorally challenged. Jamie noticed that in the outdoors, her students “who are not able to sit in a 
classroom setting without a behavior distraction...those students are engaged, they're willing to 
write...they're willing to attempt more in the participation than they are in the classroom.” Similarly, 
Robert mentioned the positive impact on “students with learning disabilities, again, gets them out of 
a textbook into the world where they're able to see the concepts instead of struggling through reading 
about them.” Margo noted, “I think that makes it easier for kids that have short attention spans to 
stay with what's happening.” The teachers highlighted their students’ affective engagement with 
science content when learning collaboratively in the outdoors.  
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Limitations of the Study 
 

 One limitation of the study is that the teachers self-selected by volunteering to participate in 
the interviews. Selection bias may express itself in many ways, but in this study, it seems most likely 
to occur in a form where the teachers most excited about learning in nature responded. Thus, our 
findings may provide better inference for contexts with highly engaged teachers. Further, self-reports 
of the teachers’ experiences offer a snapshot of the teachers’ perceptions of their science and outdoor 
instruction. In order to ensure teachers’ privacy, we used an anonymous online survey, so we could 
not determine which of the teachers who responded to the survey were also interviewed, thus 
inhibiting triangulation of data. While the data presented here are specific to the targeted OSE program 
participants, it is essential to consider the potential value of teachers’ participation in OSEs to inform 
teacher development and teacher education. 

 
Discussion 

 
While the OSE program in this study was designed to enhance fifth-grade student science 

learning, our research questions focused on teachers’ perceptions of the OSE program’s impact on 
their and their students’ science content knowledge, science instructional practices, outdoor 
instruction, and learning about their students. 

 
Science Content Knowledge 
 

Our first research question asked, "What are the relationships between elementary school 
teachers’ participation in OSE experiences led by naturalists and their perceptions of their own and 
their students’ science content knowledge?” 

The teachers’ survey responses and interviews were consistent in their perceptions that both 
their and their students’ science content knowledge grew from participation in the OSE expeditions. 
Alexandra discussed how elementary teachers must learn to teach all subjects and thus can lack specific 
science content knowledge as documented in national surveys (Plumley, 2019; Smith, 2020).  
Alexandra described how her content knowledge about heat transfer grew as she learned along with 
her students. The teachers’ survey responses also revealed their critical recognition of how the OSE 
program activities were directly linked to their grade level science content standards. 

Our focus on the teachers’ learning connects with research on professional development for 
teachers. The OSE program featured some core characteristics of effective professional development, 
such as active learning, content focus, and collective participation (Darling-Hammond, 2005; 
Desimone, 2009; Desimone et al., 2002; Fischer et al., 2018; Garet et al., 2001; Fishman et al., 2003), 
but as Kennedy (2016) pointed out in her review of 28 studies on professional development, there are 
other factors beyond the design of professional development that influence instructional practices. 
We offer suggestions for addressing other factors in our implications. 

The collective participation of naturalists, teachers, and students aligns with Vygotsky’s (1978) 
sociocultural framework to examine the social connections as teachers in this study accompanied their 
students and participated together in the outdoor expeditions and further aligns with more recent 
learning sciences research (NASEM, 2018). While the OSE program focused on student learning, both 
the teachers and students shared the role of learners with OSE naturalists who served as MKOs as 
they modeled science instruction strategies to facilitate students’ science learning in the outdoors. 
Interestingly, the data provide many examples of ways that the OSE program significantly also 
supported the teachers learning science content. Lindsay explained that she learned about forces and 
motion content from the OSE naturalist, and she further gained knowledge about instructional 
practices from the naturalists’ instructional modeling. The OSE naturalists in the present study 
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partnered closely with teachers and also served as MKOs as they presented outdoor learning activities 
that aligned with the prescribed science standards and supported teachers’ indoor science instruction. 
This critical and participatory design enhanced the experience for the teachers, and the OSE program 
helped maximize the impact on teachers’ perceptions of both student and teacher learning (Ayotte-
Beaudet et al., 2017). 
 
Science Instruction and Outdoor Science Instruction 
 

The second research question asked, “What are the relationships between elementary school 
teachers’ participation in OSE experiences led by naturalists and their perceptions of science 
instruction and outdoor science instruction?" 

In addition to teachers’ perceptions of their increased science content knowledge, the OSE 
program also supported teachers’ science instructional practices, including outdoor instruction. The 
teachers described how their knowledge of content (CK) and pedagogies (PK) expanded and 
contributed to their PCK as they learned new and different instruction strategies for communicating 
science with their students (Park & Oliver, 2008; Shulman, 1986). In addition, this strategic alignment 
of science content knowledge, science standards, and instructional practices addressed many of the 
teachers’ perceived barriers to outdoor instruction. 

Through their participatory collaborations with the naturalists and observations of naturalists’ 
instruction, the teachers in our study described learning how the outdoors can be an authentic setting 
to teach science standards in ways that apply to students’ lives beyond the classroom. The teachers in 
this study recognized that situating science content and instructional practices in the outdoors 
connects science with students’ lives. For example, one teacher described an activity that challenged 
students to consider themselves as campers who need to protect their food from potential bears. This 
lesson moved learning about forces and motion from the teachers’ traditional classroom instruction 
as they asked students to apply these concepts to design a pulley system in tree branches to elevate 
their food off the ground. Another example of an activity that teachers and students experienced this 
collaborative learning context reinforced the concept of heat transfer. In this activity, students were 
asked to apply concepts of heat transfer in their design of a camping stove to make tea out of pine 
needles.  

The teachers’ descriptions of their students’ engagement in content-focused science revealed 
the impact of teachers’ learning new science instruction practices (Desimone et al., 2002; Glackin, 
2016) and the resulting student motivation and interest in science (Dillon et al., 2006; Kahn & Kellert, 
2012; Lindemann-Matthies, 2005; Zoldosova & Prokop, 2006). Our findings support research on the 
effectiveness of outdoor learning as an instructional strategy. Rickinson and colleagues (2004) 
recommended that programs “use a range of carefully structured (outdoor) learning activities and 
assessments linked to the school curriculum” (p. 7). They also identified the potential for school 
grounds and outdoor community projects to impact students’ motivation to learn. Importantly, they 
further describe that, through these outdoor experiences, students may “develop more positive 
relationships with each other, with their teachers, and with the wider community” (p. 6). 
 
Teachers’ Perceptions of Students  
 

The third research question asked, “What are teachers’ perceptions of their students’ 
engagement in science and behaviors following their participation in an OSE program?”  

Most notably, interview and survey data reveal multiple ways that teachers in this study learned 
more about their students. Although teachers reported how participating in the OSE with the 
naturalists helped them learn science content, science instruction strategies, and about using the 
outdoors as a setting for teaching and learning, the teachers’ descriptions of their increased 
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understanding of their students as they learned together in the outdoors may be the most relevant 
impact of their OSE experience. As Vygotsky’s theory suggests, social interaction is a fundamental 
component of cognitive and social development. Human development and learning are guided by 
social interactions as participants co-construct knowledge and engage in their environment within a 
social-ecological system (McLeod, 2014). These experiences provided the teachers an important lens 
to recognize how outdoor learning can target students’ potential and allow students the opportunity 
to assume the role of the MKO with their peers and their teacher, especially students whose traditional 
classroom experiences seemed stagnant. Providing teachers with the opportunity to expand learning 
beyond the classroom exploring outdoor science with their students can motivate both students and 
their teachers.  

The relationship building that can occur during OSE experiences can influence teachers’ 
assumptions about students in ways that have potential to ultimately improve teachers’ instruction, 
improve student outcomes, and challenge teachers’ expectation biases (Cooper, 2000; Florea, 2007). 
Teachers’ relationships with their students impact the learning experiences for both. Woodcock and 
Vaille (2010) explain, “The way in which teachers perceive the students’ behaviour can influence their 
future expectations and responses to students” (p. 178).  

Like Jordan, many of the teachers in this study were surprised by some of their students’ 
positive engagement in the science content and learning in the outdoors, especially those students who 
had previously been identified as having behavioral or learning challenges. Teachers like Reese 
described their students’ positive engagement in the outdoor setting that they had not seen in the 
indoor science classroom (Dillon et al., 2006; Lieberman & Hoody, 1998; Malone, 2008); these 
experiences indicate the potential to influence teachers’ expectations and alter bias of students’ 
learning potential (Woodcock & Vialle, 2011). Another teacher, Margo, confronted her expectation 
biases about girls and science when she said, “I do honestly think that it [outdoor learning] could 
encourage students to love science more, especially some of those girls who have started to get away 
from liking science and math.” 

In this study, as teachers learned science content along with their students, they described an 
enhanced appreciation of their students’ abilities. Two examples where teachers described learning 
from their students were when OSEs asked students to design a pulley to elevate food to protect it 
from bears and when their students developed strategies to make their own tea. In addition to seeing 
the naturalists as MKOs, the teachers in this study were also able to see their students assume MKO 
roles with their peers and, at times, with their teachers as they shared their learning in the sociocultural 
context of reciprocal learning (Vygotsky, 1978). This dynamic illustrates the important MKO role as 
a dynamic interactive/fluid process as the naturalists, students, and teachers take turns as MKO. This 
fluidity seldomly occurs in traditional interactions with students and teachers in a science classroom 
and can promote student-centered instruction (Feiman-Nemser, 2008; Smith, 2020).  

Shared learning experiences can expand teachers’ expectations and attitudes about their 
students (Rubie-Davies, 2010; Weinstein, 2002). The significance of teachers’ increased awareness and 
appreciation of their students’ potential for learning and engagement highlights the benefits of outdoor 
science experiences to encompass the kinesthetic, cognitive, and affective domains of learning 
(Honebein & Honebein, 2015). These experiences further support teacher reflection and integration 
as they build their PCK (Park & Suh, 2019). Though the benefits of OSE for teachers are understudied 
and arguably underappreciated in practitioner settings, this research suggests how OSE programs can 
support both teacher development and student outcomes.  

 
Implications 

 
  Although this study’s findings are specific to this OSE program, these data provide important 
insights for both teacher and student learning. For decades, elementary science instruction has been 
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marginalized by accountability measures focused on other domains, notably reading and mathematics 
(Smith, 2020), yet the need for a scientifically literate society is more relevant than ever. Teacher 
educators and school administrators are responsible for supporting teachers’ science instruction and 
students’ science learning. One of the notable implications is that OSE providers can join teacher 
educators and schools to expand OSE and other science professional development supports for 
teachers. The school community primarily serves students, so it must maintain a keen interest in and 
devotion to resources to supporting teachers’ professional development in science. 

The experience of teachers’ participating in OSE presented here have the potential to inform 
other educators about strategies to access authentic learning opportunities that connect to the natural 
world and students’ lives. Such experiences reinforce sociocultural collaborations with other learners, 
such as local OSE programs, informal educators in museums or nature centers (Tran & King, 2011), 
and science specialist teacher leaders (Herbert et al., 2017). Providing teachers with student-focused 
teaching models in authentic settings has potential to expand teachers’ science content knowledge, 
enhance their instruction strategies that connect to the natural world and to students’ lives, build their 
confidence in science and science teaching, and, importantly, also help teachers learn more about their 
students. As teachers, students, and collaborators connect with nature and learn together in the 
outdoors, they begin to build a rich community of learners. 
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Appendix A 
Interview Questions  

 1.  How many years have you participated in the OSE program including this year? How many 
expeditions did your students participate in? How many of these were schoolyard vs. field 
expeditions? Which topics did you choose? 

2.  Do you attend OSE expeditions? If so, which ones and what was your role during the 
expeditions?  Would you change your role in the future and if so, how? 

3.  Prior to your participation with OSE, how would you describe your comfort with science 
instruction? 

 4.  Did this change during or following the OSE experience? If so, how and if not, why not? 

 5.  Prior to your participation with OSE, how would you describe your comfort taking students 
outdoors for learning? 

6.  Did this change during or following the OSE experience? If so, how; and if not, why not? 

7.  What do you feel are the strongest features of the OSE program? 

8.  What part of the OSE programs did your students most appreciate? 

9.  What do you feel are the features of the OSE program that need improvement? How? 

10.  What part of the OSE program did your students least appreciate or fail to connect with? Do 
you have suggestions for modification? 

11.  Did you notice OSE’ activities connect with some students more than others? Do you have 
ideas/groupings of students who benefit most from the OSE experience? 

12.  What did you notice about your students’ behaviors in the outdoors compared to the 
classroom? Did any students surprise you in their reactions to the outdoor instruction? 

 13.  Do you feel that the OSE experience supported your students’ understanding of science 
concepts specific to 5th grade standards/objectives? 

14.  Do you feel the OSE experience exposed your students to science concepts beyond the 
standards? 

15.  Do you feel the OSE experience impacted students’ attitudes about science? 

16.  Do you feel the OSE experience provided opportunities for you and your students to expand 
beyond science to other disciplines such as mathematics, social studies, language arts, art, or physical 
education? If so how and if not, can you describe how to expand it to be more interdisciplinary? 

17.  Do you have any other comments about the experience you would like to share? 
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Appendix B 
Survey Questions 

 
1. How often do you participate in OSE expeditions with your students? 
Always Most of the Time About half the time Sometimes Never 
2. How comfortable do you feel teaching science to your students? 
Extremely comfortable, Moderately comfortable, Comfortable, Neither comfortable nor 
uncomfortable, Moderately uncomfortably, Extremely uncomfortable 
3. How comfortable do you feel teaching science to your students through outdoor 

experiences? 
Extremely comfortable, Moderately comfortable, Comfortable, Neither comfortable nor 
uncomfortable, Moderately uncomfortably, Extremely uncomfortable 
4. To what degree has the OSE supported you in: 

a. Your science learning 
A great deal, much, moderately, little, none 

b. Support your students’ learning 
A great deal, much, moderately, little, none 

a. Comfort level in teaching science 
A great deal, much, moderately, little, none 
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ABSTRACT 
 
Teacher education programs need to prepare their preservice teachers to both implement current 
science education reforms and teach in culturally and linguistically diverse classrooms. In this 
qualitative study, we used a framework of four instructional principles to investigate 31 preservice 
secondary science teachers’ understanding of instruction aligned with current reforms and 
responsive to culturally and linguistically diverse students. We analyzed interview data to examine 
preservice teachers’ evolving understanding of the principle of engaging students in disciplinary 
practices, specifically the eight science and engineering practices (SEPs) highlighted in current U.S. 
standards. We found that, over time, participants more often discussed using multiple SEPs together 
in coordinated ways. However, they consistently reported struggling with the SEPs of developing and 
using models and using mathematics and computational thinking. Further, we examined how participants 
discussed engaging students in disciplinary practices in intersection with the three other principles 
in our framework: providing students with language production opportunities, attending to and 
supporting disciplinary language demands, and using student funds of knowledge and other 
resources. We found that participants focused more often on language production and language 
support than on student funds of knowledge in intersection with SEPs. Further, participants most 
frequently discussed the SEP of engaging in argument from evidence in intersection with the other three 
principles. This study is useful for informing teacher educators on how to better support preservice 
secondary science teachers in developing their understanding of engaging students in disciplinary 
practices and other instructional principles for diverse students.  
 

Keywords: science and engineering practices, preservice science teachers, secondary science, diverse 
students 
 

Introduction 
 

The current science education reform movement in the U.S. emphasizes the importance of 
providing opportunities for ambitious and equitable science learning for all students. A Framework for 
K-12 Science Education [Framework] (National Research Council [NRC], 2012) and the Next Generation 
Science Standards [NGSS] (NGSS Lead States, 2013), in particular, expect teachers to implement 
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rigorous learning goals and instructional approaches that engage all students in science and engineering 
practices to make sense of and use core ideas and crosscutting concepts. These documents also expect 
science teachers to “acquire effective strategies to include all students regardless of racial, ethnic, 
cultural, linguistic, socioeconomic, and gender backgrounds” (NGSS Lead States, 2013, Appendix D, 
p. 38). Thus, to adequately prepare beginning science teachers to teach science in ways aligned with 
current reforms and standards, teacher education programs must attend both to rigorous disciplinary 
instruction and to the diversity of students in U.S. classrooms (National Academy of Sciences et al., 
2011).  

Our study responds to recent shifts in teacher education that emphasize the complementary 
nature of effective methods for teaching science and effective methods for teaching culturally and 
linguistically diverse students (Bravo et al., 2014; Brown, 2017; Lee & Buxton, 2013; Tolbert et al., 
2014). These new models of science teacher education provide beginning teachers with principle-
based approaches for teaching science content in ways that are responsive to students’ cultural and 
linguistic backgrounds (Bravo et al., 2014; Lyon et al., 2016; Nava et al., 2018; Roberts et al., 2017; 
Rutt & Mumba, 2020). At the heart of these principle-based approaches is instruction aligned with 
current reforms and standards, where teachers engage students in science and engineering practices in 
coordinated ways to make sense of complex problems or phenomena. These principle-based 
approaches also call for teachers to capitalize on opportunities for students to produce and use 
language while engaging in these practices; to correspondingly provide necessary language supports; 
and to use students’ diverse cultures, languages, and experiences as resources for disciplinary learning. 
In this study, we used a framework of four interrelated instructional principles to examine preservice 
teachers’ understanding of science instruction that is aligned with current reforms and responsive to 
culturally and linguistically diverse students. The principles of our framework include (1) engaging 
students in disciplinary practices, (2) providing students with rich language production opportunities, 
(3) attending to disciplinary language demands and providing language supports, and (4) building on 
student funds of knowledge and other resources.  

We consider the principle of engaging students in disciplinary practices as the center of our 
framework. This principle is rooted in sociocultural perspectives that view learning as increased 
participation in a community’s practices along with the development and use of knowledge from 
participating in those practices (Lave & Wenger, 1991). It connects to current reforms and standards, 
which encourage teachers to engage students in eight science and engineering practices (SEPs) that 
are both reflective of the work of scientists and engineers and central to student learning (NGSS Lead 
States, 2013; NRC, 2012). Teachers need to provide all students, regardless of linguistic or cultural 
background, with opportunities to engage in this kind of disciplinary work (Lee et al., 2013; Windschitl 
& Calabrese Barton, 2016).  

For this study, we focused on how 31 preservice secondary science teachers from three teacher 
education programs described engaging students in disciplinary practices. We also examined how their 
understanding of instruction in these disciplinary practices intersected with the other three principles 
in our framework. We asked two sets of research questions:   

1. How did preservice science teachers describe engaging students in SEPs? More specifically, 
how did they describe using multiple SEPs in coordinated ways during instruction? What 
challenges with engaging students in SEPs did they identify?  

2. How did preservice science teachers discuss SEPs in intersection with other principles of 
effective instruction for culturally and linguistically diverse learners? More specifically, what 
types of language production opportunities, language demands and supports, and student 
funds of knowledge related to SEPs did preservice teachers identify?  
 

For both sets, we looked for patterns overall, over time, and across programs.   
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Conceptual Framework 
 

 As introduced above, our study was informed by a framework of four interrelated principles 
of effective science instruction for culturally and linguistically diverse students (see Figure 1). We 
designed this framework with colleagues (see also Moon et al., 2021; Roberts et al., 2017) based on 
literature on science instruction that is aligned with current reforms and responsive to culturally and 
linguistically diverse students. We used this framework to inform both our data collection and analysis.  
 
Figure 1 
 
Conceptual Framework 
 
 
 
 
 

 
 
Disciplinary Practices 
 

The central principle in our framework is engaging students in disciplinary practices. As 
students participate in the disciplinary work of science, they better understand scientific concepts as 
well as how scientific knowledge is developed (NRC, 2007, 2012). As described above, the Framework 
and NGSS specify eight science and engineering practices (SEPs) as important for K-12 science 
learning (see again Figure 1). The focus on these eight SEPs is rooted in sensemaking: Scientists, 
engineers, and students use these SEPs to build, refine, and use knowledge to make sense of the world 
and solve problems (Schwarz et al., 2017). As a means to sensemaking, the SEPs inherently build on 
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• Developing	and	using	models	
• Planning	and	carrying	out	

investigations	
• Analyzing	and	interpreting	data	
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and relate to each other; they are not a list of isolated steps. Thus, teachers should engage students in 
the SEPs in coordinated ways to make sense of phenomena.  

 
Rich Language Production Opportunities 
 

Another principle in our framework is providing students with opportunities for rich language 
production. Learning science involves learning the language unique to science and how to use that 
language to express ideas and build understanding (Lemke, 1990). The SEPs highlighted in the NGSS 
are language intensive; participating in these SEPs provides authentic contexts for students to produce 
and use language (Lee et al., 2013). As students use language to engage in these practices, they make 
sense of science ideas, which enhances their understanding of scientific concepts and the nature of 
science (Tolbert et al., 2014). Further, language production is both central to culturally relevant 
instruction, which positions students and teachers as social makers of knowledge (Ladson-Billings, 
1995), and important for multilingual learners, as they develop both language and scientific 
understanding in science classes (Lyon et al., 2016).  

 
Disciplinary Language Demands and Supports 
 
 Another principle in our framework is attending to disciplinary language demands and 
providing needed language supports. As teachers engage students in authentic disciplinary practices, 
they also need to attend to the associated language functions that drive the disciplinary practices (e.g., 
asking questions, constructing explanations) and understand the receptive and productive language 
demands required of students to engage in these practices (Lyon et al., 2016). Thus, beyond providing 
opportunities for students to produce language, teachers need to pay attention to those aspects of 
language that might prove challenging and to provide adequate scaffolding for students to interpret 
and produce language. Indeed, the language and literacy demands of the SEPs can be challenging for 
all students, including multilingual learners (Bunch, 2013). In short, as teachers engage students in the 
language intensive work of the SEPs, they need to attend to the corresponding language demands and 
provide appropriate supports as well.  
 
Student Funds of Knowledge and Other Resources 
 

The final principle in our framework is building on and using student funds of knowledge and 
other resources. Student funds of knowledge, the “historically accumulated and culturally developed 
bodies of knowledge and skills essential for household or individual functioning and well-being,” are 
powerful resources teachers can use to inform instruction (Moll et al., 1992, p. 133). In addition to 
home-related funds of knowledge, students bring other resources that are valuable for science learning, 
such as their prior content knowledge, personal interests, and concerns about socioscientific issues 
(Basu & Calabrese Barton, 2007; Calabrese Barton & Tan, 2009; Campbell et al., 2016). Teachers can 
draw on these funds and resources in moment-by-moment instruction to engage students in SEPs 
(Razfar & Nasir, 2019). Contextualizing content knowledge and student engagement in SEPs by 
building on students’ ideas and everyday experiences makes the science more meaningful to all 
students and can improve learning and participation for culturally and linguistically diverse students, 
in particular (Tolbert et al., 2019).  

Literature Review 
 

 There has been limited work specifically examining preservice secondary science teachers’ 
understanding of the SEPs articulated in the Framework and NGSS. In one study, Brownstein and 
Horvath (2016) analyzed preservice secondary science teachers’ written responses to the edTPA 
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teacher performance assessment to understand their use of SEPs in their lessons. Researchers found 
that preservice science teachers consistently described implementing three SEPs in their edTPA 
lessons: analyzing and interpreting data; constructing explanations and designing solutions; and obtaining, evaluating, 
and communicating information. The preservice teachers, however, showed limited use of the remaining 
SEPs. In a second study, French and Burrows (2018) administered a questionnaire to preservice 
secondary science teachers to gauge their knowledge of and confidence with implementing the SEPs. 
Researchers found that teachers generally had a working knowledge of the SEPs with respect to 
curriculum, student understanding, and instructional strategies. However, they also noted that the 
preservice teachers struggled with enacting certain SEPs, including developing and using models, constructing 
explanations and designing solutions, and engaging in argument from evidence.  

In addition to the few studies that have focused on preservice secondary science teachers, 
studies of practicing secondary teachers as well as preservice and practicing elementary teachers 
provide insight into teachers’ successes and struggles with SEPs. Prior research with practicing 
secondary science teachers has examined teachers’ understanding of the epistemic nature of science 
practices as well as how teachers’ goals align or misalign with the NGSS (Kawasaki & Sandoval, 2020; 
Kite et al., 2020). These prior studies found that even practicing secondary science teachers lacked a 
sophisticated understanding of the SEPs and underestimated how different their teaching practice 
needed to be to engage students in the SEPs. For example, Kite et al. found that teachers had a limited 
understanding of the role of models and computational thinking. Prior research with elementary 
teachers has investigated teachers’ ideas about the SEPs as well as how and which SEPs teachers 
implement in their instruction (Berland et al., 2020; Dalvi et al., 2020; Kang et al., 2018; Kang et al., 
2019; Smith & Nadelson, 2017). In previous studies, elementary teachers were found to be successful 
at integrating the SEPs with each other: Teachers treated the SEPs as comprising a single sensemaking 
system rather than eight distinct practices (Berland et al., 2020; Kang et al., 2019). However, teachers 
still struggled with implementing certain SEPs, such as engaging in argument from evidence (Kang et al., 
2019).   

Overall, prior studies have found that preservice and practicing teachers alike need further 
support in understanding what the SEPs are and how to implement them in their instruction. Our 
study seeks to extend this body of scholarship by focusing explicitly on preservice secondary science 
teachers’ descriptions of engaging students in the SEPs in ways that intersect with principles of 
effective instruction for culturally and linguistically diverse students. This work uniquely informs 
researchers and teacher educators in how to better support preservice teachers so that they deepen 
their understanding of the SEPs and of how to implement them in relation to each other and to the 
three interrelated principles discussed above. 

 
Method 

 
Participants and Context 
 
 A total of 31 preservice secondary science teachers from three teacher education programs 
participated in this qualitative study. They represented 69% of the preservice science teachers enrolled 
in the three programs during the 2016-2017 academic year. Participant demographics are shown in 
Table 1. All three teacher education programs were housed at universities from the same state 
university system in the western U.S. The programs were similar in that they included science methods 
courses that focused on reform-based instruction, additional courses that specifically addressed 
teaching linguistically and culturally diverse students, and intensive classroom-based field experiences. 
The program at University 1 was an integrated undergraduate credential program in which preservice 
teachers earned a bachelor’s degree and teaching credential simultaneously, whereas programs at 
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Universities 2 and 3 were postbaccalaureate credential programs. A summary of characteristics and 
the number of participants for each teacher education program is shown in Table 2.  
 
Table 1 
 
Preservice Teacher Participant Demographics 
 
Gender n 
Female 21 
Male 10 
  
Race/Ethnicity  
White/European American 20 
Asian/Asian American   7 
Multiracial   2 
Latinx   1 
Other   1 
  
First Language  
English 25 
Language(s) other than or in 
addition to English 

  6 

Note. All demographic data were self-reported. 
 
Table 2  
 
Teacher Education Program Information 
 
University Type of Program Length Coursework & Field 

Placements 
Credential & 
Degrees 

n 

1 Undergraduate Possible to 
complete in 
four years 
 

University-based courses with 
short-term practicum 
placements throughout the 
four years, plus final semester 
of “student teaching” with 
associated university seminar 
 

Minor in STEM 
education, 
bachelor’s degree 
(in content area), 
and credential  

8 

2 Post-baccalaureate 11 months 
 

University-based courses 
concurrent with field 
experiences 
 

Potential to earn 
MEd the 
following year 

11 

3 Post-baccalaureate 
 

13 months 
 

University-based courses 
concurrent with field 
experiences 

Potential to earn 
MEd 
concurrently 
with credential 

12 

 
Data Collection 
 
 Participants were individually interviewed twice during their teacher education programs 
(initial and follow-up interviews) using semi-structured interview protocols (Brenner, 2006; see 
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Appendices A and B for the protocols). Both the initial and follow-up protocols included the same 24 
questions to elicit participants’ ideas about science teaching and learning. The initial protocol 
contained an additional five questions about participants’ interests in teaching; the follow-up protocol 
contained an additional nine questions about participants’ teacher performance assessment portfolios 
(i.e., edTPA portfolios); both protocols included similar questions about participants’ field placements. 
The set of 24 common questions included questions that, to varying degrees, addressed all four 
principles of our conceptual framework. For example, the question, “How would you engage students 
in discussions?” addresses the principle of language production opportunities, and the question, 
“What kinds of connections would you make between school science and students’ lives outside of 
school?” addresses the principle of funds of knowledge. The set of 24 common questions also 
included specific questions about SEPs, including what participants learned about the SEPs, the two 
SEPs they most frequently implemented in their field experiences, the one SEP they considered as 
most important to teach students and the one or two SEPs they needed more help to understand or 
implement. There were also questions about participants' ideas about effective instruction for 
multilingual learners. We note that we used the term English Language Learner (ELL) in the interview 
protocols but have since revised our language to multilingual learner. We included all questions from 
both protocols in our analysis.  

Participants at University 1 were interviewed toward the beginning and end of their student 
teaching semester; participants at Universities 2 and 3 were interviewed toward the beginning and end 
of their yearlong programs. Initial interviews occurred after participants had started their coursework 
and had some experience in field placement classrooms. All 62 initial and follow-up interviews lasted 
approximately one hour. All were audio recorded, professionally transcribed, and checked by 
researchers for accuracy. Transcripts were anonymized, and all participant names used in the Findings 
section are pseudonyms.  

 
Data Analysis 
 

We analyzed transcript data using three cycles of coding (Saldaña, 2016). For all coding, the 
unit of analysis was a main interview question from the interview protocol, including any probes or 
clarifications that were under the main question. For the first cycle of coding, we analyzed each 
transcript and coded for instances where participants implicitly or explicitly addressed one or more of 
the eight SEPs. We applied subcodes for each SEP that was implicitly or explicitly discussed. For the 
second cycle of coding, we further examined those responses identified in the first cycle where 
participants addressed one or more SEPs. To do this, we applied codes to mark responses where 
participants discussed using multiple SEPs in a coordinated way, where participants discussed 
challenges with engaging students in specific SEPs, and where participants described a clear 
intersection between SEPs and one or more of the remaining three principles of our Conceptual 
Framework (i.e., providing rich language production opportunities, attending to disciplinary language 
demands and supports, and using student funds of knowledge). For the third cycle of coding, we 
explored the intersections of SEPs with these three principles in more detail. To do this, we narrowed 
in on the SEP of engaging in argument from evidence, because we found that this was the SEP with the 
most intersections overall. We inductively created a coding scheme to characterize how preservice 
teachers described the language production opportunities, disciplinary language demands and 
supports, and student funds of knowledge associated with the SEP of engaging in argument from evidence. 
Descriptions of codes for cycles 1 through 3 are shown in Tables 3, 4, and 5, respectively.  
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Table 3 
 
Codes for the First Cycle of Analysis 
 

Code Subcodes Description 
SEPs  Participant talks implicitly or explicitly about engaging students in one or 

more of the Science and Engineering Practices (SEPs) articulated in the 
NGSS. Includes examples of engaging students in SEP(s) during actual 
instruction, hypothetical descriptions of engaging students in SEP(s), or 
descriptions of why SEP(s) is/are important.  

 Asking questions (for 
science) and defining 
problems (for engineering) 

Includes asking questions about texts, phenomena observed, and conclusions 
drawn from models or investigations. For engineering, questions should 
define the problem to be solved and elicit ideas that lead to its solution.  

 Developing and using 
models 
 

Includes diagrams, physical replicas, mathematical representations, analogies, 
and computer simulations. Although models do not correspond exactly to the 
real world, they bring certain features into focus and obscure others.  

 Planning and carrying out 
investigations 

Includes opportunities to plan and carry out different kinds of investigations, 
spanning those structured by the teacher and those that emerge from students’ 
own questions.  

 Analyzing and interpreting 
data 

Includes use of a range of tools for tabulation, graphical representation, 
visualization, and statistical analysis of data. 

 Using mathematics and 
computational thinking 
 

Includes using algebraic thinking and analysis, a range of linear and nonlinear 
functions, exponentials and logarithms, and computational tools for statistical 
analysis to analyze, represent, and model data. Simple computational 
simulations are created and used as well. 

 Constructing explanations 
(for science) and designing 
solutions (for engineering) 

Includes explanations and designs that are supported by multiple and 
independent student-generated sources of evidence consistent with scientific 
ideas, principles, and theories.  

 Engaging in argument 
from evidence 

Includes using appropriate and sufficient evidence and scientific reasoning to 
defend and critique claims and explanations about the natural and designed 
world(s).  

 Obtaining, evaluating, and 
communicating 
information 

Includes reading, producing, and evaluating genres of texts that are intrinsic to 
science and engineering. 

Note. Descriptions taken from Appendix F of the NGSS (NGSS Lead States, 2013). 
 
Table 4 
 
Codes for the Second Cycle of Analysis 
 

Code Description 
Coordinated  Participant describes coordinating or connecting multiple SEPs with one another so 

that SEPs are being used together or building from each other in one activity or 
lesson or over a series of activities/lessons. 

Challenges Participant describes challenges with engaging students in specific SEPs. 
Intersection-language 
production opportunities  

Participant describes students’ production of language (talk or writing) related to 
specific SEPs and/or opportunities for students to produce language related to 
specific SEPs.   

Intersection-disciplinary 
language demands and 
supports 

Participant describes disciplinary language demands and/or language supports 
related to specific SEPs. 

  
Intersection-funds of 
knowledge  

Participant describes students’ backgrounds, prior knowledge, experiences, everyday 
life, language, cultural strengths, or other resources that students bring in relation to 
specific SEPs.  
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Table 5 
 
Codes for Third Cycle of Analysis 
 

Category Code Description 
Language 
production 
opportunities 

  

Modality Talking Participant refers to students engaging in argument from evidence specifically 
through talk (can include group work, working with a peer, debates). 

 Writing Participant refers to students engaging in argument from evidence specifically 
through writing.   

 Both talking and 
writing 

Participant refers to students engaging in argument from evidence specifically 
through talk AND writing. 

 Unspecified Participant refers to students engaging in argument from evidence, but type of 
language use is not explicit and could be interpreted as either writing or 
talking.  

Context Activity Participant describes engaging in argument from evidence as part of or 
resulting from a lab, investigation, project, or larger activity. 

 Assessment Participant refers to engaging in argument from evidence as part of a 
formative or summative assessment. 

 Classroom 
discussion 

Participant refers to engaging in argument from evidence as part of whole-
class or small-group discussions.  

 Reading Participant refers to engaging in argument from evidence as part of or related 
to a reading assignment (e.g., using evidence from a reading to support an 
argument). 

Disciplinary 
language 
demands and 
supports 

Writing assignment Participant refers to engaging in argument from evidence as part of a writing 
assignment. 

 Language demands Participant discusses language demands specific to the practice of engaging in 
argument from evidence. 

 Claim-Evidence-
Reasoning 
framework (CER) 

Participant refers to the Claim-Evidence-Reasoning (CER) framework to 
scaffold students engaging in argument from evidence. 

 Graphic organizer  Participant refers to providing students with a graphic organizer or other visual 
chunking method to help students write or construct arguments (e.g., 
providing separate boxes for evidence, reasoning, etc.). 

 Group work or peer 
collaboration 

Participant refers to having students work in groups or with peers for engaging 
in argument from evidence. 

 Guided or scaffolded 
questioning 

Participant refers to using specific questions (oral or written) to guide or 
scaffold students’ arguments or evidence; not necessarily assignment 
questions, but questions to scaffold students’ arguments or evidence; can 
include asking students probing questions to explain or expand their 
reasoning/argument/evidence. 

 Rubric or checklist Participant refers to providing students with a rubric, checklist of required 
elements, specifications of requirements related to engaging in argument from 
evidence (e.g., include 3 pieces of evidence). 

 Sentence frames or 
starters 

Participant refers to using sentence starters or sentence frames for engaging in 
argument from evidence. 

Funds of 
knowledge and 
other resources 

Everyday science 
experiences 

Participant refers to using science topics or examples because they are related 
to students’ everyday life experiences in the context of engaging in argument 
from evidence. 

 Linguistic resources Participant refers to using students’ home language(s) or everyday language(s) 
in the context of engaging in argument from evidence. 

 Prior content 
knowledge 

Participant refers to using students’ prior content knowledge or skills in the 
context of engaging in argument from evidence. Can include content 
knowledge from previous courses, earlier in the same course, or other STEM 
learning experiences. 

 Socioscientific issues Participant refers to using social or global issues in the context of engaging in 
argument from evidence.  
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We established inter-coder reliability for each of our three cycles of coding in a stepwise 
fashion following the process of MacPhail et al. (2015). First, members of the research team coded 
the same interview excerpts independently, and a kappa coefficient was calculated (Fleiss, 1971). The 
researchers then discussed and resolved areas of disagreement. The process was repeated with 
additional interview data until a kappa coefficient of 0.8 was achieved and maintained. The researchers 
then coded remaining data independently or in pairs. To ensure that inter-coder reliability remained 
acceptable, the researchers coded additional data at designated times throughout the 
independent/paired coding process and a kappa coefficient of at least 0.8 was maintained. For each 
cycle, approximately 20% of the transcripts were coded collectively, and 80% were coded 
independently or in pairs. In addition to establishing inter-coder reliability, we tracked analytic 
decisions using a detailed audit trail (Guest et al., 2012) to increase the trustworthiness of our analysis 
(Brenner, 2006). 

After coding was completed, we calculated percentages of codes to look for patterns overall, 
over time, and across universities. We note that because this is a qualitative study, any comparisons of 
percentages over time and across universities are not for statistical tests of differences but rather to 
understand general patterns in what participants discussed. 
 

Findings 
 

Finding Set 1: Engaging Students in Disciplinary Practices 
 
Disciplinary Practices as Coordinated  
 
 For our first research question, to probe preservice teacher participants’ understanding of 
engaging students in disciplinary practices, we examined responses where participants described using 
SEPs in a coordinated way. In these responses, participants either discussed coordinating multiple 
SEPs in a particular activity, lesson, or series of activities/lessons, or they discussed how certain SEPs 
connect with one another more generally. Overall, we found that 43% of all responses coded for SEPs 
were also coded as coordinated. In other words, in 43% of responses where participants addressed 
SEPs, they described engaging students in two or more SEPs in coordinated ways. We also found that 
the proportion of responses coded as coordinated increased from the initial to follow-up interviews. 
In initial interviews, 32% of responses addressing SEPs were considered coordinated. In comparison, 
in the follow-up interviews, 50% of responses addressing SEPs were considered coordinated. This 
pattern of an increase in the proportion of coordinated responses over time was consistent across 
universities. Again, we reiterate that this comparison of percentages over time indicates the general 
pattern of what participants discussed; the statistical significance of this difference was not determined.  
 In references where participants discussed coordinating SEPs, they most frequently connected 
the practice of analyzing and interpreting data with other SEPs. Over half of all responses coded as 
“coordinated” included this SEP (see Table 6). For example, in her follow-up interview, Harper 
described several SEPs, including analyzing and interpreting data, as part of the lesson series for her 
edTPA teacher performance assessment. In this lesson series, Harper guided students in completing 
a simulated DNA extraction activity to investigate mutations by comparing three species of a fictional 
organism called “gorks”. As she described:  
 

They [students] definitely went through the series of the science and engineering practices in 
that they planned and carried out their own investigations as far as what the mutations were 
actually doing to the gorks—they figured out what would be the best way to actually test that, 
and what kind of data they would need to collect. And they also got practice in analyzing that 
data in comparing the different kinds [of DNA sequences] that they got, and then saying how 
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that would affect the gorks. And then, in that final paper, [they] had a chance to be 
communicating the information they got as well as arguing from evidence. Their claim ended 
up being which of the three mutations was harmful, which was helpful, and which was neutral, 
and then based on the evidence that they had collected, here’s why we’re saying that.  
 

Harper coordinated the practice of analyzing and interpreting data with planning and carrying out investigations; 
obtaining, evaluating, and communicating information; and engaging in argument from evidence to support her 
students in learning about genetic mutations.  
 
Table 6 
 
Percentage of Coordinated Responses That Included Each SEP 
 
SEP % 
Asking questions and defining problems 28 
Developing and using models 33 
Planning and carrying out investigations 43 
Analyzing and interpreting data 56 
Using mathematics and computational thinking 22 
Constructing explanations and designing 
solutions 

40 

Engaging in argument from evidence 49 
Obtaining, evaluating, and communicating 
information 

28 

Note. Percentages were calculated as the number of responses that included a specific SEP out of the total 
number of responses coded as coordinated. Percentages do not sum to 100% because each response included 
multiple SEPs.  
 
Challenges With Implementing Disciplinary Practices 
 

To extend our investigation of participants’ understanding of disciplinary practices, we 
identified responses where participants discussed challenges with implementing SEPs. We found that 
participants most frequently discussed the two SEPs of developing and using models and using mathematics 
and computational thinking as being challenging to implement. Developing and using models accounted for 
22% of codes for SEPs identified as challenging; using mathematics and computational thinking accounted 
for 21%. This pattern remained consistent across initial and follow-up interviews and was similar 
across campuses.  

For the SEP of developing and using models, several participants noted that they lacked an 
understanding of the practice; they did not understand what a model is. Participants also discussed 
struggles with implementing the practice, including issues with incorporating modeling into their 
instruction and a lack of clarity in how to support students’ engagement in the practice. For example, 
in her follow-up interview, Mia described:  

 
I want to be confident that I’m implementing modeling or models in my class correctly or 
appropriately, but I struggle with letting students develop their own model. It’s like, “What do 
you think?” But, I’m less competent at helping them revise their models or provide them with 
the perfect, “Well, this is what it actually is.” I’m not sure that needs to happen, but I do know 
that I can’t let students who develop grossly incorrect models to just stop at that point, but 
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I’m not sure of the best ways to help them revise their models without invalidating what they 
did. 
 

Other participants noted their own lack of experience with this practice, either as a K-12 student 
learning science or as a student teacher in their field placements. As Kayleigh noted in her initial 
interview, “With the models, I never experienced that growing up. So, it’s hard for me to understand 
all this NGSS stuff because it’s totally new.” 

For the SEP of using mathematics and computational thinking, several participants noted challenges 
with implementing the practice because of students’ prior experiences with mathematics or perceived 
lack of mathematical skills. For example, in her follow-up interview, Sue described this SEP as 
challenging because of students’ math anxiety:  

 
Because a lot of my students come into my classroom really terrified of math. Whether that’s 
because they had bad math experiences in the past, teachers that they didn’t necessarily agree 
with or like, or that they feel like they just don’t know how to do it and aren’t good at 
it…between 75% and 90% of my students say they are not good at math. It becomes very 
difficult to implement and go for any math things because they tend to just shut down as soon 
as they see it.  
 

Similar to the challenges discussed with developing and using models, participants also noted a lack of 
clarity about what it means to engage students in mathematics and computational thinking or noted 
challenges with incorporating it into their curricula. In particular, several noted challenges with 
integrating mathematics into their biology curricula. For example, in her initial interview, Luna 
commented, “Especially [in] 9th-grade biology, we don’t touch on any math equations. I don’t know 
how if I can integrate types of math into what I’m teaching for biology… I’m not really sure where to 
start for that one.” 
 
Finding Set 2: Disciplinary Practices in Intersection With Other Principles 
 
 For our second research question, we analyzed where and how preservice teachers talked 
about disciplinary practices in intersection with the other three principles of effective instruction for 
culturally and linguistically diverse students described in our Conceptual Framework: providing rich 
opportunities for student language production, attending to disciplinary language demands and 
providing language supports, and using student funds of knowledge. Overall, we found that 
participants addressed one or more of these three principles in approximately 55% of their responses 
that addressed SEPs. As shown in Table 7, participants most often discussed providing language 
production opportunities in intersection with SEPs, followed by disciplinary language demands and 
supports. They least often discussed using student funds of knowledge or other resources in 
intersection with SEPs. This pattern remained consistent across initial and follow-up interviews and 
across universities.  
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Table 7 
 
Percentage of Responses with One or More Intersections that Included Each Principle 
 
Principle % 
Rich language production opportunities 84 
Disciplinary language demands and supports  64 
Funds of knowledge and other resources 24 

Note. Percentages were calculated as the number of responses that included each specific principle out of the 
total number of responses that included an intersection with one or more principles and SEPs. Percentages 
do not sum to 100% because one to multiple principles could be included in each response.  
 

To elaborate, we found that participants most frequently discussed the SEP of engaging in 
argument from evidence in intersection with one or more of the other three principles; nearly half of the 
responses addressing an intersection of SEPs with one or more of the three principles included engaging 
in argument from evidence (see Table 8). To clarify, this differed from the SEP, most often discussed in 
coordination with other SEPs, analyzing and interpreting data. This pattern was consistent across initial 
and follow-up interviews and across universities. The proportions of principles intersecting with this 
SEP also followed the same patterns as discussed above, with the principle of language production 
opportunities intersecting the most and the principle of funds of knowledge intersecting the least. 
Thus, we focused on engaging in argument from evidence to further explore the types of language 
opportunities, disciplinary language demands and supports, and student funds of knowledge discussed 
by the participants in relation to this SEP. We characterized how preservice teachers described (1) the 
context and modality of student language production associated with this SEP, (2) the types of 
disciplinary language demands and/or supports for this SEP, and (3) the types of student funds of 
knowledge or other resources used as students engaged in this SEP.   
 
Table 8 
 
Percentage of Responses with One or More Intersections that Included Each SEP 
 
SEP % 
Asking questions and defining problems 17 
Developing and using models 26 
Planning and carrying out investigations 31 
Analyzing and interpreting data 32 
Using mathematics and computational thinking 14 
Constructing explanations and designing 
solutions 

30 

Engaging in argument from evidence 48 
Obtaining, evaluating, and communicating 
information 

23 

Note. Percentages were calculated as the number of responses that included a specific SEP out of the total 
number of responses that included an intersection with one or more principles and SEPs. Percentages do not 
sum to 100% because one to multiple SEPs could be included in each response.  
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Rich Language Production Opportunities 
 
 To characterize the ways participants described student language production associated with 
the SEP of engaging in argument from evidence, we examined both the language modality (i.e., writing, 
talking) and the context of student participation in the SEP (e.g., as part of an investigation or larger 
activity, as a class discussion). We note that participants’ descriptions of engaging in argument from evidence 
did not always describe participation in the complete practice: Participants often described the practice 
as students making and supporting claims without addressing the evaluation, critique, and 
reconciliation components of argumentation (Berland et al., 2017). We found that in approximately 
30% of responses, participants described students engaging in argument from evidence through 
writing, and in another, approximately 30% of responses, participants described students engaging in 
argument through talking. Further, we found that in approximately 30% of responses, the language 
modality was unspecified—the type of language use was not explicit and could be interpreted as either 
writing or talking. We found few instances (less than 10% of responses) where participants described 
students engaging in both written and oral arguments.  

For the modality of written argumentation, participants regularly described students engaging in 
argument from evidence in the contexts of writing assignments connected to investigations or larger 
activities. For example, in her initial interview, Lanh described how students in her placement typically 
completed writing assignments using the claim, evidence, and reasoning framework to “wrap up what 
they’ve learned” after an activity or lesson. She further explained that students engaged in argument 
from evidence “through the claim, evidence, reasoning [writing assignments] that they have to 
do…which are pretty big because we have an activity or lesson that goes before they can actually 
create a claim, evidence, and provide reasoning.” Less often, participants described students engaging 
in written argumentation in the contexts of general writing assignments, reading assignments, or 
assessments.  

For the modality of oral argumentation, participants most often described students engaging 
in argument in the context of classroom discussions. For example, when describing how she facilitated 
discussions, Madelyn said, “I just really like asking questions and asking students to draw out what 
they’re saying, or expand on what they’re saying, or maybe provide an argument against what someone 
else is saying.” Less often, participants described students engaging in oral argumentation in the 
context of an investigation or larger activity.  

When the language modality was unspecified, participants typically described students 
engaging in argument in the context of an investigation or larger activity. For example, while describing 
how she implemented the SEP of engaging in argument from evidence, Kathryn stated that students “were 
asked to use that evidence, use their data from their lab, to explain whether or not their original 
prediction was correct, and why they thought that.” Here, we clarify, it was unclear whether students’ 
arguments about their predictions were written or oral. 

For the few instances where participants described students engaging in argument through 
both talking and writing, the contexts were typically both specific writing assignments and classroom 
discussions connected to an investigation. For example, in the follow-up interview, Eric described:  

 
Essentially after the labs, they [students] have to write claims, and those claims have to be 
backed up with evidence they collected in the lab. And so, it allows them to engage in more 
argument from evidence because some students, their evidence might point to different things, 
and then we talk about it, and argue about it in a productive way so that the concepts are more 
explicitly laid out for them.  
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Here, Eric pointed out how students engaged in both written and oral argumentation stemming from 
laboratory activities. We add that, in this example, as did Madelyn above, Eric did include students 
arguing with one another about differing claims and evidence.  
 
Disciplinary Language Demands and Supports 
 

Regarding the principle of attending to disciplinary language demands and providing 
disciplinary language supports, we found that discussions of disciplinary language demands associated 
with the SEP of engaging in argument from evidence accounted for 10% of codes for this principle. The 
remaining 90% of codes for this principle comprised the various types of language supports that 
participants discussed related to this SEP. In their discussions of disciplinary language demands, 
participants often spoke of the demands of students’ struggles with identifying and using evidence to 
support arguments. For example, in the follow-up interview, when describing an assignment about 
evolution, Kayla said:  

 
I wanted them [students] to use all of the evidence we had gathered to engage in an argument, 
which some students just defined each category [of evidence] instead of using the category as 
an argumentative tool. For instance, they knew that DNA was evidence for evolution, but they 
didn’t know how to talk about, how to argue about DNA. 
 

Here, Kayla acknowledged the challenges her students had with using the evidence they had gathered 
to support their arguments.  

In their discussions of language supports for engaging in argument from evidence, participants most 
frequently mentioned using a claim, evidence, reasoning (CER) framework (McNeill & Krajcik, 2012). 
Discussions of the CER framework accounted for 30% of the codes for the principle of disciplinary 
language demands and supports. For example, in her initial interview, Luna noted, “I usually do a 
claim, evidence, reasoning to promote the writing.” When asked about SEPs implemented most often 
in her placement, she replied:  

 
Let’s say engaging in an argument from evidence. Like I said, I have them doing a claim, 
evidence, reasoning. I usually have a driving question that I introduce three to five lessons 
beforehand.…Then students are then able to use those lessons and what they took from those 
lessons as evidence. They’ll make their claim and they’ll have evidence from all the activities 
we did. Then they’ll do the reasoning part where they’ll restate their claim and pull specific 
things from their evidence to support that claim. 
 

Luna used the CER framework to support students engaging in argument as part of summative writing 
assignments following a series of lessons. The next most frequently discussed language support for 
engaging in argument was group work or peer collaboration (17% of codes for this principle). For 
example, in his follow-up interview, Timothy commented that argumentation “doesn’t necessarily 
need to be a whole-class discussion. It could be in lab groups, anywhere that you can maximize 
opportunities for students to speak in that specific academic register where you have arguing from 
evidence, citing or stating your claims, reasoning your arguments, that sort of thing.” Finally, 
participants less frequently discussed other language supports, such as rubrics or checklists, graphic 
organizers, and sentence frames.  
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Funds of Knowledge and Other Resources 
 
  Overall, we found that the principle of using student funds of knowledge and other resources 
was seldom discussed in intersection with the SEP of engaging in argument from evidence. Of the few 
instances, participants mainly discussed the resource of students’ prior content knowledge to support 
argumentation. Sadie noted in her follow-up interview that students engaged in arguments about the 
rock cycle using conventions of molecular diagramming, which they had covered in a previous unit. 
As she described, “We connected it to what we had been talking about when we talked about 
convection and making pictures of those molecules then. They used those molecular diagrams to 
support their arguments.” Other types of resources, including students’ every day science experiences, 
linguistic resources, and awareness of socioscientific issues, were discussed once each. As an example 
of using a socioscientific issue to connect to student funds of knowledge, Kayla described an activity 
where students participated in a mock city council meeting and engaged in a debate about genetically 
modified organisms (GMOs). As she explained, “I gave them a fake case study about these GMO 
papayas in Hawaii. So, I had each student take on the role of a different person in the debate – so a 
farmer, the GMO person, someone who’s an organic farmer.” She used a current and familiar social 
issue as a context for engaging in argument.  
 

Discussion and Implications 
 

Our findings provide insight into the successes and struggles that preservice secondary science 
teachers experience with engaging students in the disciplinary practices of science and engineering and 
in the principles of effective instruction for diverse students. We examined how preservice teachers 
from three teacher education programs discussed the eight SEPs highlighted in recent U.S. reform 
documents. We also examined how they described rich language production opportunities, language 
demands and supports, and student funds of knowledge associated with these SEPs. We found that, 
over time, preservice teachers more often described the SEPs as coordinated. However, we also found 
that preservice teachers consistently identified struggles to understand and implement two SEPs: using 
mathematics and computational thinking and developing and using models. Further, we found that preservice 
teachers readily and consistently described opportunities for students to produce language with the 
SEPs and, to a lesser extent, language demands and supports associated with the SEPs. However, we 
found that preservice teachers struggled with the principle of using funds of knowledge or other 
resources to engage their students in the SEPs.  

 
Strengthening Preservice Teachers’ Understanding of Disciplinary Practices 
 

Looking more closely at the findings for our first research question, we found that preservice 
teachers’ descriptions of using the SEPs in coordinated ways increased over time: A higher percentage 
of their discussions included descriptions of using two or more SEPs in coordinated ways at the end 
of their teacher education programs compared to the beginning. This growth over time is promising 
and suggests that preservice teachers developed a better sense of the coordinated nature of SEPs 
through their teacher education experiences. This finding is consistent with other research that has 
found increases in teachers’ use and understanding of SEPs as coordinated after learning opportunities 
focused on the SEPs (Berland et al., 2020; Kang et al., 2019). It contrasts with other studies, such as 
that by Kite et al. (2020), where relatively few practicing secondary science teachers were found to 
exhibit sophisticated understandings of scientific practices that extended beyond the rigid, linear 
scientific method. Our finding remains important because understanding the SEPs as coordinated is 
aligned with the larger goals of the NGSS, which emphasize that the SEPs should be conceived not 
simply as a list of practices to check off but rather as a coordinated way to build, use, and make sense 
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of scientific knowledge (NGSS Lead States, 2013; Schwarz et al., 2017). However, we did not examine 
how the three teacher education programs in our study facilitated preservice teachers’ growth in their 
understanding of the coordinated nature of SEPs—that was beyond of the scope of this study. This 
is a fruitful avenue for further research. Future studies should examine the opportunities for learning 
that teacher education programs provide to facilitate such growth.  

We also examined which SEPs preservice teachers reported as especially challenging to 
implement. Identifying the SEPs that preservice teachers described as challenging is important to 
inform how teacher educators can better support them. We found one of the most common SEPs 
that preservice teachers deemed challenging was using mathematics and computational thinking. They 
reported struggling to accommodate students’ varying mathematical backgrounds and skills, a lack of 
clarity on what the SEP entails, and uncertainty on how to incorporate it into their instruction, 
particularly biology instruction. Other studies have similarly identified using mathematics and computational 
thinking as a challenging SEP for teachers to understand and implement (Brownstein & Horvath, 2016; 
Kite et al., 2020). We also found preservice teachers reported the SEP of developing and using models as 
challenging. This resonates with other, more specific studies on modeling, which have found that 
teachers struggle with understanding and using models as tools for scientific inquiry, having students 
construct and evaluate models, and seeing models as more than illustrations of phenomena or patterns 
(Khan, 2011; Schwarz & Gwekwerere, 2007; Windschitl & Thompson, 2006). With such clear 
struggles surrounding these two SEPs, teacher education programs need to better support preservice 
teachers in understanding and implementing them.  

We recommend that teacher educators leverage the SEPs that preservice teachers feel more 
comfortable with as a focal point for exploring the SEPs that are more challenging. Given the 
coordinated and overlapping nature of the SEPs, teacher educators can point out explicit connections 
and overlaps between SEPs that preservice teachers find challenging and SEPs they readily use and 
understand. As one example, in our study, analyzing and interpreting data was the SEP preservice teachers 
most often described as coordinated with other SEPs—perhaps indicating a high level of familiarity 
with and understanding of this SEP. Interestingly, although preservice teachers seemed to have facility 
with implementing analyzing and interpreting data, they still encountered difficulties with implementing 
mathematics and computational thinking—an SEP with clear connections to analyzing and interpreting data. 
Indeed, mathematics and computation are tools for analyzing and interpreting data that facilitate the 
analytic process along with making sense of and reasoning with data (Rivet & Ingber, 2017). Thus, 
highlighting the coordination between these two SEPs could support preservice teachers in better 
recognizing and understanding the use of mathematics and computational thinking in their curricula. 
As a second example, other researchers have suggested developing and using models as an anchor for 
engaging students in other SEPs (Passmore et al., 2013; Passmore et al., 2009). However, we found 
that developing and using models was a challenging SEP for preservice teachers to understand and 
implement. Our study provides evidence that the SEP of analyzing and interpreting data could serve as 
an alternative anchor practice, as a strong entry point to develop their understanding of the other 
SEPs, because preservice teachers are comfortable with it. 
 
Strengthening Preservice Teachers’ Understanding of Intersecting Principles   

 
For our second research question, we examined how preservice teachers discussed SEPs in 

intersection with the instructional principles of providing language production opportunities, 
attending to disciplinary language demands and supports, and using student funds of knowledge and 
other resources. We found that in their discussions of SEPs, preservice teachers most often touched 
on the principle of providing language production opportunities, followed by the principle of 
attending to disciplinary language demands and supports. The SEPs are noted as being language 
intensive (Lee et al., 2013), and current reforms emphasize the need for students to engage in the 
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language of science (NRC, 2007). Thus, it is promising that preservice teachers in our study recognized 
opportunities to use language through SEPs and provided support for this language use.  

We also found that preservice teachers tended to focus on the language aspects of certain 
SEPs over others: They most often discussed the language principles in intersection with the SEP of 
engaging in argument from evidence. A closer examination of the types of language opportunities, demands, 
and supports related to engaging in argument from evidence showed that preservice teachers used supports 
like the claim, evidence, reasoning (CER) framework (McNeill & Krajcik, 2012) and peer collaboration 
to facilitate students engaging in argument through writing assignments connected to larger activities 
and through classroom discussions. The CER framework was a frequent support mentioned by 
preservice teachers from each of the three universities. Since the preservice teachers had a clear tool 
to support the disciplinary language demands of engaging in argument from evidence, perhaps they were 
better able to describe the language opportunities of this SEP.  

Teacher educators could do more to help teachers recognize the language opportunities and 
demands associated with each of the SEPs. A focus on tools, like the CER framework, that support 
students’ language use with each SEP could help teachers recognize and implement opportunities for 
language production through student engagement with all the SEPs. For example, Windschitl et al. 
(2018) developed a suite of tools to support student language production with planning and carrying out 
investigations, constructing explanations, and engaging in argument from evidence.  

Although preservice teachers recognized opportunities and supports for student language 
production through SEPs, they struggled to recognize how student funds of knowledge or other 
resources could be used to engage students in SEPs. This finding resonates with prior studies that 
have documented similar struggles among beginning teachers to contextualize classroom science 
activity in students’ lives outside of school (Bravo et al., 2014; Tolbert et al., 2019). In our examination 
of engaging in argument from evidence, we found few instances of preservice teachers acknowledging 
student funds of knowledge and resources in relation to this SEP; most consisted of discussing 
students’ prior content knowledge. As Razfar and Nasir (2019) pointed out, student funds of 
knowledge about scientific practices can come from in-school, out-of-school, and in-between 
experiences, and teachers can draw on these various funds of knowledge in dynamic ways by 
considering how student funds come into play beyond curricular topics—for example, by connecting 
to students’ values, beliefs, and contested ideologies as students engage in argument from evidence.  

Building on the example given by Kayla, we recommend that teachers connect to their student 
funds of knowledge while engaging in argument from evidence by contextualizing the SEP in socioscientific 
issues (SSIs). SSIs are controversial social issues that have conceptual or procedural links to science 
and readily connect to student funds of knowledge (Sadler, 2004; Zeidler et al., 2009; Zeidler & Sadler, 
2011). Further, grounding argumentation in SSIs can help teachers facilitate deeper argumentation 
beyond claims, evidence, and reasoning—which we also found as a struggle for preservice teachers. 
Indeed, argumentation is a central focus of SSI instructional frameworks (Aikenhead, 1985; Driver et 
al., 2000), where the SSIs examined and argued have personal meaning to students. As a result, 
students can construct more substantive arguments because of their interest in and connection with 
an SSI. In sum, including SSI frameworks in teacher education programs can help teachers connect 
their lessons to students’ lives (Johnson et al., 2020) and improve students’ ability to effectively argue 
in their classrooms.  

 
Limitations 

 
We recognize that our study has several limitations. First, although our interview questions 

asked preservice teachers about their practice, we did not examine their actual classroom instruction. 
As such, we were unable to determine how closely their reports resonated with their actual instruction. 
Second, our interviews asked a range of questions that addressed each of the four principles of our 
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Conceptual Framework. However, we did not ask questions that directly addressed the coordination 
of SEPs with one another or the intersection of SEPs with these principles. Had participants been 
asked about such intersections directly, they may have elaborated on their understandings. Finally, we 
did not specifically examine the opportunities for learning about SEPs and instruction for diverse 
students provided by the three teacher education programs in our study. A deeper examination of 
programmatic factors would generate additional recommendations for preparing preservice teachers 
for instruction that incorporates SEPs and instructional principles for diverse students.   

 
Conclusion 

 
 Although a deeper examination of programmatic factors is needed, the inclusion of multiple 
programs in our study does contribute to a broader understanding of preparing preservice science 
teachers because studies of teacher education are often small in scale and consist of case studies of 
individual interventions (Sleeter, 2014). Indeed, our findings were generally consistent across the three 
teacher education programs included in our study, pointing to common successes and struggles that 
preservice teachers experienced. Said another way, this study offers insight into how to better support 
preservice teachers beyond improvements to single programs.  

To conclude, we found that preservice teachers grew in their understanding of the coordinated 
nature of SEPs, and while they reported challenges with certain SEPs, they seemed successful with 
others. Thus, we recommend that teacher educators leverage these strengths to help preservice 
teachers better understand challenging SEPs. Further, we found that preservice teachers more readily 
recognized the intersections of SEPs with language opportunities and supports than with student 
funds of knowledge. More specifically, preservice teachers described oral and written language 
production opportunities for the SEP of engaging in argument from evidence along with specific supports, 
like the CER framework. Thus, we suggest that teacher educators consider other tools and 
instructional supports that can help preservice teachers draw on the language opportunities and 
student funds of knowledge related to all SEPs – to fully engage culturally and linguistically diverse 
students in reform-based science education.   
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Appendix A 
Initial Interview Protocol  

 
Thank you for agreeing to be interviewed today.  The purpose of this interview is to learn about 
some of the successes and challenges you are experiencing as a teacher candidate.  We are studying 
science and mathematics teacher education to better support beginning teacher learning.  We ask 
that you try to be as candid and specific as possible. 
 
The information from this interview will not affect your course grades, your teaching placements, or 
your standing in the Teacher Education Program.  If there is a question you do not wish to answer, 
you can ask that it be skipped.  If you later wish to revise an answer or to ask that an answer be 
deleted, you are free to do so as well. 
 
The interview should last about 60 minutes.  It is divided into several parts.  Do I have your 
permission to begin recording the interview? 
 
[Turn on recorder] 
 
Background Information (Initial interview only) 
First, I’d like to ask you a few questions about your interest in teaching. 
 

1) What are some reasons why you decided to become a teacher and to teach ________ [specific 
credential subject area (known from survey), e.g., biology, chemistry] in particular?  
 

2) Why did you decide to enroll in the _______ teacher education program? 
 

3) [if involved in undergrad recruitment program] How did [undergrad recruitment program] help 
prepare you for teaching? 
 

4) Where do you hope to teach after completing the program?  In what kind of school, or what 
kinds of students, would you like to teach?  Any particular grade levels and/or courses you 
would like to teach? 

 
Conceptions of Science Teaching 
These next few questions are about your ideas about effective science teaching. 
 

5) Thinking back to middle school and high school, please describe a typical science lesson that 
you experienced as a student. 

 
6) What do you think are the characteristics of an excellent science teacher?   

 
7) What have you learned about effective science instruction from your teacher education 

program so far?  
 

8) What more would you like to learn or feel you need to learn about effective science 
instruction? 

 
For the next few questions, imagine that you are teaching a secondary science course, for 
example, in your student teaching placement.   
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9) If an observer walked into your classroom, what do you hope the observer would notice 
about what you are doing as a teacher?  
 

10) What do you hope the observer would notice about the disciplinary core ideas, cross-cutting 
concepts, and/or science and engineering practices you are teaching? 
 

11) What do you hope the observer would notice about what the students are doing?    
 

12) How would you engage students in discussions? 
 

13) How would you engage students in reading and writing? 
 

14) What kinds of connections would you make between school science and students’ lives 
outside of school? 

 
Science Practices 
These next few questions are about the Next Generation Science Standards science and engineering 
practices. 
 

15) In general, what have you learned about the eight science and engineering practices from the 
Next Generation Science Standards in your teacher education program or from your prior 
experiences? 

 
This is a list with the eight science and engineering practices from the NGSS [at end of document].   
16) Which two have you implemented, or seen implemented, most often in your current student 

teaching placement?  What are some examples of how these two practices have been 
implemented in your placement?   
 

17) Out of all eight, which one do you think is most important to teach students?  Why? 
 

18) Which one or two practices do you think you need more help to understand or implement?   
 
Conceptions of Learners 
These next few questions are about students and student learning. 
 

19) How do you think students learn science? 
 

20) Why do you think some students succeed and other students struggle in school science 
courses? 

 
21) Do you think students should be tracked according to ability in secondary science? What are 

the advantages and disadvantages of tracking? 
 
Conceptions of Effective Practices for English Language Learners 
These next few questions are about science instruction for diverse learners.  
 

22) Classrooms are becoming increasingly culturally and linguistically diverse.  How prepared do 
you feel to teach in a culturally and linguistically diverse classroom?  
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23) How do you define an English language learner (ELL)? 
 

24) How do you think ELL students differ from one another?   
 

25) What do you think ELL students bring as resources to increase the richness in class?   
 

26) What knowledge and skills do you think it takes to be an effective secondary science teacher 
of English Language Learners? 

 
For the next few questions, imagine that you are teaching a secondary science class with English 
language learners as well as native English speakers, for example, in your student teaching 
placement. 
27) What supports for ELLs would you consider as you planned your instruction? 

 
28) What factors would you consider when developing or selecting science texts for ELLs?  

 
29) What would you consider when designing and using science assessment materials for ELLs? 

 
Practicum Experience 
These final questions are about your current practicum placement. 
 

30) In what secondary school are you currently placed?   
 

31) In what science class or classes are you currently placed?   
 

32) What are the student demographics of the class or classes, in terms of gender, ethnicity, and 
ELLs? 

 
33) What kinds of instructional responsibilities have you had so far?   

 
34) How much autonomy do you have with your teaching, for example, in selecting topics and 

deciding what strategies to implement? 
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Science and Engineering Practices from NGSS 
 
Asking questions (for science) and defining problems (for engineering) 
 
Developing and using models 
 
Planning and carrying out investigations 
 
Analyzing and interpreting data 
 
Using mathematics and computational thinking 
 
Constructing explanations (for science) and designing solutions (for engineering) 
 
Engaging in argument from evidence 
 
Obtaining, evaluating, and communicating information 
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Appendix B 
Follow-Up Interview Protocol 

 
Thank you for agreeing to be interviewed today.  This interview will be similar to the one you did 
previously. 
 
The interview should last about an hour.  It is divided into a few parts.  Do I have your permission 
to audio record the interview? 
 
[Turn on recorder] 
 
Conceptions of Science Teaching 
The first few questions are about your ideas about effective science teaching. 
 

1) What do you think are the characteristics of an excellent science teacher?   
 

2) What have you learned about effective science instruction from your teacher education 
program?  
 

3) What more would you like to learn or feel you need to learn about effective science 
instruction? 

 
For the next few questions, imagine that you are teaching a secondary science course, for 
example, in your student teaching placement or when you have your own classroom.   
4) If an observer walked into your classroom, what do you hope the observer would notice 

about what you are doing as a teacher?  
 

5) What do you hope the observer would notice about the disciplinary core ideas, cross-cutting 
concepts, and/or science and engineering practices you are teaching? 
 

6) What do you hope the observer would notice about what the students are doing?    
 

7) How would you engage students in discussions? 
 

8) How would you engage students in reading and writing? 
 

9) What kinds of connections would you make between school science and students’ lives 
outside of school? 

 
Science Practices 
These next few questions are about the Next Generation Science Standards science and engineering 
practices. 
 

10) In general, what have you learned about the eight science and engineering practices? 
 

This is a list with the eight science and engineering practices from the NGSS [at end of document].   
11) Which two have you implemented most often in your current student teaching placement?  

What are some examples of how these two practices have been implemented in your 
placement?   



54     CARPENTER ET AL. 

 
12) Out of all eight, which one do you think is most important to teach students?  Why? 

 
13) Which one or two practices do you think you need more help to understand or implement?   

 
Conceptions of Learners 
These next few questions are about students and student learning. 
 

14) How do you think students learn science? 
 

15) Why do you think some students succeed and other students struggle in school science 
courses? 

 
16) Do you think students should be tracked according to ability in secondary science? What are 

the advantages and disadvantages of tracking? 
 
 
Conceptions of Effective Practices for English Language Learners 
These next few questions are about science instruction for diverse learners.  
 

17) Classrooms are becoming increasingly culturally and linguistically diverse.  How prepared do 
you feel to teach in a culturally and linguistically diverse classroom?  

 
18) How do you define an English language learner (ELL)? 

 
19) How do you think ELL students differ from one another?   

 
20) What do you think ELL students bring as resources to increase the richness in class?   

 
21) What knowledge and skills do you think it takes to be an effective secondary science teacher 

of English Language Learners? 
 

For the next few questions, imagine that you are teaching a secondary science class with English 
language learners as well as native English speakers, for example, in your student teaching 
placement. 
22) What supports for ELLs would you consider as you planned your instruction? 

 
23) What factors would you consider when developing or selecting science texts for ELLs?   

 
24) What would you consider when designing and using science assessment materials for ELLs? 

 
Practicum/Student Teaching Experience 
These questions are about your current practicum or student teaching placement. 
 

25) In what secondary school are you currently placed? 
  

26) In what science class or classes are you currently placed?   
 

27) What are the student demographics of that class, in terms of gender, ethnicity, and ELLs? 
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28) In your placement, how aligned do you feel your teaching is to the Next Generation Science 

Standards? 
 

29) How much support do you feel you get to teach in ways that are aligned with the NGSS? 
 
EdTPA 
This final set of questions is about your edTPA teaching event. 
 

30) For your edTPA, what was the central focus of your lesson sequence?   
 

31) How did you address the NGSS?   
 

32) How did you support ELLs? 
 

In your edTPA lesson sequence, in what ways did you… 
33) Engage students in scientific sense-making? 

 
34) Engage students in scientific discourse? 

 
35) Support students’ English language and literacy development? 

 
36) Make connections between lesson activities and students’ lives outside of school? 

 
37) What kinds of support did you receive in completing your edTPA?   

 
38) What additional support would you have liked? 

 
Thank you! 
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Science and Engineering Practices from NGSS 
 
Asking questions (for science) and defining problems (for engineering) 
 
Developing and using models 
 
Planning and carrying out investigations 
 
Analyzing and interpreting data 
 
Using mathematics and computational thinking 
 
Constructing explanations (for science) and designing solutions (for engineering) 
 
Engaging in argument from evidence 
 
Obtaining, evaluating, and communicating information 
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ABSTRACT 
 
This qualitative case study investigates how, and to what extent, primary school teachers notice 
students’ mathematical thinking in the context of whole number subtraction. A task involving a 
student’s invented strategy was used to collect data. Three noticing questions connected to the task 
were asked to 45 teachers. Their written answers were analyzed to reveal teachers' noticing skills 
based on attending, interpreting, and deciding how to respond. The study results revealed that most 
participants provided limited evidence of attending and interpreting skills, and some responses 
showed a lack of evidence. More specifically, they could not identify the relationship between digits 
in ones and tens places. Further, their interpretations did not directly focus on students’ solutions 
and consisted of general statements and misconceptions.  
 

 
Keywords: teachers’ noticing, professional noticing of children’s mathematical thinking, students’ 
invented strategies, whole number subtraction, primary school teachers 
 

Introduction 
 

The classroom is a complex environment where many situations are experienced 
simultaneously; however, teachers cannot focus on all situations in this environment (Sherin et al., 
2011). Teachers’ knowledge and beliefs about the students, the content of the lesson, the curriculum, 
and teaching and learning affect everything that needs to be considered during teaching (van Es, 2011). 
Among these constructs, teachers’ knowledge and beliefs about students is a keystone while building 
instruction, and it has an essential role in students’ learning (Darling-Hammond & Ducommun, 2010; 
Hoth et al., 2018). Based on the knowledge of students, the teachers plan the activities, the problems, 
and the teaching strategies before the lesson. However, they should be aware of all the situations in 
the classroom and emphasize if any situations will support students’ learning during the lesson 
(Stockero et al.,2017). In order to be aware of the instant events that emerge during the lesson and to 
be able to make in-the-moment instructional decisions, the teachers need to have noticing skills which 
are the essential components of teaching expertise (Jacobs et al., 2011; Sherin et al., 2011; Sherin & 
Star, 2011).  

A better understanding of noticing allows further development in mathematics teaching and 
learning (Amador et al., 2021a; Jacobs et al., 2011). Therefore, the need to understand teacher noticing 
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has emerged, and the interest of researchers in teacher noticing has increased abruptly in recent years 
(Stahnke et al., 2016). In order to meet this need partially, in this research study, we aimed to explore 
primary school teachers’ noticing skills of students’ mathematical thinking in the context of whole 
number subtraction. 
 
Teacher Noticing  

 
As a professional vision, teacher noticing is one of the critical components of teaching. 

However, it can be challenging because it requires one to perceive multiple aspects of the classroom 
environment (van Es & Sherin, 2021). Generally, teacher noticing includes attending and making sense 
of the specific events in a classroom and transforming the teachers’ attention and interpretation in a 
teaching setting (Jacobs & Spangler, 2017). More specifically, teachers need to choose the events they 
will focus on and determine their focus duration to manage “a blooming, buzzing confusion of 
classroom events” (Sherin & Star, 2011, p. 73). Then, they need to interpret what they see and make 
connections between the observed events and related issues of the events (Sherin et al., 2011). 
Processing all these issues during mathematics teaching is not easy for teachers (Estapa et al., 2017). 

Although researchers have different ideas about the components of teacher noticing and how 
to measure and develop it, they agree that identifying the noteworthy events and making sense of them 
are two essential features of teacher noticing (Sherin et al., 2011). For instance, van Es and Sherin 
(2008) claimed that mathematical thinking, pedagogy, classroom environment, and classroom 
management are the events that teachers should notice. Based on their claims, van Es and Sherin 
developed a framework, Learning to Notice, which has two main dimensions, each with four levels 
(baseline, mixed, focused, extended): what teachers notice and how teachers notice. The what teachers 
notice dimension of the framework includes noticing the classroom environment, students’ behaviors 
and learning, teacher pedagogy, particular students’ mathematical thinking, and the relationship 
between particular teaching strategies and resultant students’ mathematical thinking. On the other 
hand, the how teachers notice dimension consists of providing comments and making connections 
between events and principles of teaching and learning.  

In their subsequent work, van Es and Sherin (2021) introduced a new framework based on 
noticing as an active process. This considers the active interaction with the environment by enabling 
more observation and interpretation. These authors expanded the dimensions of attending and 
interpreting, which they put forward on their original Learning to Notice framework (van Es & Sherin, 
2002) and included one dimension called shaping. Van Es and Sherin (2021) grounded shaping on the 
interaction between teacher and students instantly within a classroom environment. This interaction 
aims to get additional information related to students thinking, which serves for attending and 
interpreting, and curriculum materials. 

Consequently, van Es and Sherin (2021) based their revised Learning to Notice framework on 
three dimensions, attending, interpreting, and shaping. Although another most cited framework for 
noticing, called Professional Noticing of Children’s Mathematical Thinking, involves attending and 
interpreting dimensions (Jacobs et al., 2010), both frameworks discussed these dimensions from 
different points of view. More specifically, van Es and Sherin (2002; 2021) focused on attending and 
interpreting the noteworthy events that occurred in classroom settings, but Jacobs et al. took students’ 
understanding into consideration while defining attending and interpreting dimensions. In addition, 
as a third dimension, Jacobs et al. (2010) presented deciding how to respond, meaning teachers’ next 
instructional move to extend and support a student’s thinking. To put it differently, in their framework 
called Professional Noticing of Children’s Mathematical Thinking, Jacobs et al. focused more on 
students’ thinking and defined teacher noticing as the ability to attend to the mathematical details in 
students’ strategies, interpret students’ mathematical understanding of the particular subject reflected 
in their strategies, and make decisions to support and improve student’s learning based on their 
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understandings. Since this study aims to investigate the extent to which primary school teachers notice 
students’ mathematical thinking in the context of whole number subtraction, the Professional 
Noticing of Children’s Mathematical Thinking framework served as a theoretical framework for the 
study. 
 
Professional Noticing of Children’s Mathematical Thinking 
 

Within the scope of Professional Noticing of Children’s Mathematical Thinking theory, Jacobs 
et al. (2010) identified a particular focus among the levels of the Learning to Notice framework, which 
is an extended level, and selected a particular slice of teaching which is teachers’ in-the-moment 
decisions while they are responding to students’ strategies. Jacobs et al. emphasized that the reasons 
for selecting a particular focus for noticing are attending more to how and to what extent teachers 
notice students’ mathematical thinking rather than attending to the variety of what teachers notice. 
From this point of view, these authors attached particular importance to a group of teachers’ expertise, 
with a specialized type of noticing, on which the theoretical framework of this study is based. It was 
built as a set of three interrelated skills: attending to children’s strategies, interpreting children’s 
understandings, and deciding how to respond based on children’s understandings (Jacobs et al., 2010).  

The first dimension describes the teacher’s explanations related to how a student approaches 
the mathematical situation/activity/ problem, how he solves it, what materials and strategies he uses, 
and what the details of his strategies are (Jacobs et al., 2010). The second dimension is defined as a 
teacher's reasoning consistent with the mathematical details specific to a particular student's strategy 
and the research on students' mathematical development rather than revealing a holistic picture of 
students’ mathematical understanding (Jacobs et al., 2010). Therefore, it is the ability of the teacher to 
interpret mathematically how a student understands the subject and how consistent this knowledge is 
with the knowledge of students. In addition, Jacobs et al. distinguished this interpretation from 
superficial evaluations, as many researchers did (van Es & Sherin, 2008). The last dimension deals with 
to what extent teachers use the knowledge they have learned from students’ understanding in a given 
situation while deciding what to do with their next moves. Jacobs et al. (2010) stated that to decide 
how to respond based on students’ understanding, the teacher has also attended to students’ strategies 
and interpreted their understanding. This means that these three skills are interrelated with each other. 
 
Students’ Invented Strategies in Whole Number Subtraction 

 
The National Council of Teachers of Mathematics (NCTM; 2014) emphasized that analyzing 

students’ thinking is an important tool for teachers to make instructional decisions for improving 
students’ learning. However, understanding students’ thinking is challenging for teachers, and they 
need to spend substantial time and effort analyzing and interpreting students’ thoughts (NCTM, 2014; 
Son, 2016). Regarding this, Franke et al. (2007) stated that one of the ways of understanding students’ 
thinking and reaching their minds is to understand their invented strategies. Invented strategies are 
defined as different from standard algorithms and do not require using materials (Carpenter et al., 
1998). Students start school with a great deal of knowledge about the concepts, and they can construct 
strategies for solving mathematics problems, especially for adding and subtracting (Carpenter & 
Fennema, 1992). These strategies play a prominent role in helping students develop number sense and 
learn multi-digit operations (Carpenter et al., 1994). Furthermore, it is claimed that inventing strategies 
requires making sense of mathematics (Carpenter et al., 1998) since these are flexible methods that 
change according to numbers and circumstances (Van de Walle et al., 2013). In order to connect 
students’ strategies and standard algorithms, teachers need to attend to and interpret students’ 
invented strategies (Carpenter et al., 1998).   
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Number-based invented strategies are categorized under three labels: decomposition, 
sequential, and varying strategies (Verschaffel et al., 2007). In decomposition strategies or partial 
differences strategies (Son, 2016) that involve decomposing the minuend and the subtrahend based 
on the place value of each number, the decomposed numbers (tens and ones) are subtracted separately. 
For instance, for the question, 57 – 28 = ?; the solution is  50 – 20 = 30, 7 – 8 = -1, so the answer is 
30 + (-1) = 29.  

The current study uses a subtraction operation involving a decomposition strategy to analyze 
primary school teachers' noticing skills of children's mathematical thinking. In the literature, this 
strategy is the most common strategy invented by students in subtraction problems (Carpenter et al., 
1998). The decomposition strategy was also used in studies, which aim to understand pre-service 
teachers’ interpretations (Son, 2016), or to compare pre-service teachers’ and practicing teachers’ 
content knowledge (Philipp et al., 2008). Furthermore, this strategy finds the answer by subtracting 
tens and ones separately without regrouping them. This requires students to conceptualize negative 
numbers or debt that will be subtracted later, which highlights conceptual understanding. Thus, in this 
study, by giving a solution involving the decomposition strategy to teachers, we had an opportunity 
to investigate the teachers’ deeper mathematical understanding regarding subtraction with whole 
numbers through various connections within number relationships. 
 
Rationale of the Study  

 
In recent years, the construct of teacher noticing has gained significant importance in 

mathematics education research areas. Studies on noticing show variations in the dimensions of 
noticing (Amador et al., 2016; Blömeke et al., 2015; Jacobs et al., 2010; van Es & Sherin, 2021), the 
interventions used to measure or analyze teacher noticing skills (Choy, 2013; Sherin & van Es, 2009; 
Stockero, 2014), and the critical issues that are significant to notice (Jacobs et al., 2010; Star & 
Strickland, 2008; van Es & Sherin, 2008; 2021). Some of those studies analyzed teacher noticing using 
video clubs (Amador et al., 2021b; Girit-Yildiz et al., 2023; González &Vargas, 2020; Ivars et al., 2020; 
Ulusoy & Cakiroglu, 2021; Warshauer et al., 2021), others used students’ written work or verbal 
responses (Dogan-Coskun et al., 2021; Jacobs et al.,2010; Roller, 2016; Sánchez-Matamoros et al., 
2019; Tekin-Sitrava et al., 2021). In addition, some studies focused on teachers noticing the events in 
classroom environments (Stahnke & Blömeke, 2021; van Driel et al., 2021); however, others attended 
to teachers’ noticing students’ mathematical thinking (Teuscher et al., 2017). 

When we turn our attention to participants, the studies conducted with pre-service teachers 
showed that pre-service teachers generally focused on the general aspects of the classroom, such as 
teacher actions (Santagata et al., 2007), management and student-teacher interaction (Star & Strickland, 
2008), rather than focusing on students’ thinking (Jacobs et al., 2010). This is not surprising since they 
do not have teaching experience, which is one of the variables that influence teacher noticing (Sherin 
et al., 2011) and provides support for attending to and interpreting children’s understandings (Jacobs 
et al., 2010; Schoenfeld, 2011). Therefore, it would be hard to get an in-depth exploration of pre-
service teachers’ knowledge and interpretation regarding students’ thinking. On the other hand, in-
service teachers have more knowledge and skills to make students understand the concepts within the 
complex classroom environment in which student learning occurs (Miller, 2011). From this point of 
view, the participants, who can make instant decisions to reveal students’ understanding by observing 
the complex and dynamic structure of the classroom environment, would provide more 
comprehensive and in-depth information about teachers' ability to notice. Additionally, working with 
experienced teachers may allow us to enhance the theoretical framework by articulating the extent to 
which in-service teachers attend to the details of students’ strategies, how they interpret students’ 
understanding as students reflected in their strategies, and how to respond to the basis of students’ 
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understanding. Therefore, it would be significant to study with in-service teachers to get more in-
depth data on teacher noticing skills and a more categorized framework. 

The focus of this study, whole number subtraction, is one of the important topics in primary 
school mathematics curriculum (Ministry of National Education [MoNE], 2018), and it has a crucial 
role in teaching and learning mathematics conceptually (Van de Walle et al., 2013). Therefore, teachers 
need to have the ability to attend to, interpret, and respond to students’ understanding to empower 
them mathematically (Thanheiser, 2009). Although various studies aim to investigate in-service and 
pre-service teacher knowledge of whole number subtraction operation and students’ strategies for 
whole number subtraction, there is a gap in the literature on teacher noticing of students’ strategies 
for subtracting whole numbers. In other words, although teachers’ and students’ understanding of 
whole number subtraction was examined in the previous studies (e.g., Roy, 2014; Thanheiser, 2009), 
there are limited studies related to teachers’ attending to students’ strategies for whole number 
subtraction, their interpreting of students’ understanding based on students’ strategies, and the 
decisions on how to respond based on students’ understandings (e.g., Son, 2016; Yeo & Webel, 2019). 
However, most of the studies focused on examining the noticing skills of prospective teachers who 
do not have any teaching experience. Therefore, it would be significant to examine the noticing skills 
of in-service teachers who have experience with students’ invented strategies and in monitoring 
students’ behaviors, learning, and understanding (Miller, 2011). Thus, we seek answers to the following 
research questions in the present study: 

 
1. To what extent do primary school teachers attend to students’ strategies in the context of 

whole number subtraction? 
2. To what extent do primary school teachers interpret students’ mathematical thinking in the 

context of whole number subtraction? 
3. What is the nature of teachers’ decisions to respond to students’ mathematical thinking in the 

context of whole number subtraction? 
 

Method 
 

Design of the Study 
 
Since this study aimed to investigate primary school teachers’ professional noticing skills in the 

context of whole number subtraction, a qualitative case study method was used to reveal the findings 
and support the study's methodological perspective. The study focuses on one group of in-service, 
primary school teachers; thus, the study is a single case study. Moreover, since the aim is to investigate 
in-service primary school teachers’ noticing skills in the context of only one mathematics subject, 
whole number subtraction, it includes only one unit of analysis. Thus, the study design is a single-case 
holistic design (Yin, 2009). 
 
Context and Participants 

 
Turkey has a centralized national education system in which all public/private primary schools 

follow a primary school mathematics curriculum prepared by the MoNE (2018). In addition, primary 
school teachers graduated from four-year college programs from departments of primary education 
in Faculties of Education after the 1992-1993 academic year (Dursunoğlu, 2003). The participants in 
this study included 45 in-service primary school teachers. Three participants were male, and 42 were 
female, with teaching experiences ranging between five to 40 years. While most of them graduated 
from the faculty of education, participants became teachers by graduating from different sources, such 
as a bachelor’s degree from any faculty, a two-year college, and a teacher high school. Of the 45 
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participants, ten worked in a public school, and the rest worked in private schools when the data was 
collected. 
 
Student Invented Task 

 
This study used a task involving a student-invented strategy adapted from the study of Philipp 

et al. (2008) to collect data. The scenario in this task also appeared in various sources (Campbell et al., 
1998; Schifter et al., 1999; Son, 2016). The task involves a student’s written response to a whole 
number subtraction problem and three further professional noticing questions in accordance with that 
response. 
 
Figure 1 
 
Mert’s Solution to the Task 
 

 
Note. In the scenario, a second-grade student, Mert, solves the problem of 63 – 25 = X correctly using 
an invented strategy, which is regarded as a decomposition strategy or partial differences strategy in 
whole number subtraction (Son, 2016).  
 

For the study, three noticing questions connected to the scenario were developed from 
research on professional noticing of children’s mathematical thinking (Jacobs et al., 2010). Each 
question corresponds to component skills of attending, interpreting, and deciding how to respond. 
The professional noticing questions are as follows: 

 
1. Evaluate how Mert solved this problem and explain whether this method is appropriate for 
whole number subtraction in detail. 
2. Explain what you learned from Mert’s solution method about Mert’s understanding on 
subtraction operation in detail.  
3. Pretend that you are the teacher of Mert. What problem or problems would you pose next? 
Explain your rationale for posing that problem(s). 
 

The first question was developed to identify the mathematically significant details of Mert’s solution 
and determine whether it was correct. The aim of asking the second question was to assess teachers’ 
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professional skills in terms of interpreting children’s understandings. Finally, in the third question, 
participants were asked to explain how they selected a further problem or problems to respond to the 
student. 
 
Data Analysis 
 

Data were analyzed qualitatively through thematic analysis regarding repeating coding and 
themes (Miles & Huberman, 1994). Additionally, the frequencies of categories were also described to 
detect patterns in themes, which are categories under the dimensions of the noticing. More specifically, 
to attain this study’s goals, primary school teachers’ written responses to the student’s invented task 
questionnaire were analyzed according to the dimensions of the Professional Noticing of Children’s 
Mathematical Thinking framework developed by Jacobs et al. (2010). While analyzing the first two 
dimensions, which are attending to children’s strategies and interpreting children’s understanding, 
teachers’ explanations related to student approaches to the mathematical task and details of their 
strategy did not quite match the categories of Professional Noticing of Children’s Mathematical 
Thinking framework. In other words, some responses were too detailed to be considered in the limited 
category, and too superficial to be considered in the robust category. Thus, more detailed 
categorization was needed to code the teachers’ attending and interpreting skills. Accordingly, 
attending and interpreting skills were coded as Lack, Limited, Substantial, and Robust Evidence, which 
were presented by Tekin-Sitrava et al. (2021). However, besides these categories, it was suitable to 
code some teachers’ interpretations as No Response, Wrong Interpretation, No Evidence of 
Interpretation, and Just Attention. About the deciding how to respond dimension, we did not 
categorize teachers’ responses with respect to the level of evidence as indicated by Jacobs et al. (2010) 
and Tekin-Sitrava et al. (2021). Rather, we focused on the nature of the responses, so deciding how to 
respond skills of in-service teachers were investigated under the following categories: Unrelated and 
General, Ignorance, Acknowledging, and Responding to child and incorporating. Details of each category are 
illustrated in the findings. After analyzing teachers’ responses based on the Professional Noticing of 
Children’s Mathematical Thinking framework dimensions, frequency analysis was performed to 
determine the number of teachers falling into categories in each dimension.  Three mathematics 
educators (authors) analyzed data and discussed the inconsistencies until the coders reached 100% 
consensus.  
 

Findings 
 

Based on the research questions, the findings of the study are presented in three sections. The 
extent to which teachers attend and interpret is explained in the sections Attending to Children’s Strategies 
and Interpreting Children’s Mathematical Understandings, and what kind of decisions teachers make are 
explained in the section Deciding How to Respond on the Basis of Children’s Understandings. 
 
Attending to Children’s Strategies 

 
Attending to children’s strategies is defined as teachers’ explanations of students’ approaches 

to the mathematical situation/activity/problem, students’ usage of materials, students’ strategies to 
solve the problem, and the details of these strategies (Jacobs et al., 2010).  Based on the data analysis, 
the evidence of attention was categorized under four headings: robust evidence of attention, substantial 
evidence of attention, limited evidence of attention, and lack of evidence of attention. The details of each category 
and the frequency of responses for each category are given in Table 1.  Then, evidence from teachers’ 
responses is explained respectively.  
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Table 1 
 
The Details of Attending to Children’s Strategies Dimension and the Frequency of Each Category 
 

Attending Frequency 
Lack of Evidence of Attention to Children’s Strategies  
 Identifying the solution/mathematical concepts correctly, but independent from tne 

students’ answer 
Identifying the solution correctly, but the mathematical concepts are missing, or the 
explanation includes a general statement 
Identifying the solution as incorrect 

 
15 (33.33 %) 

 
Limited Evidence of Attention to Children’s Strategies 

 

 Correctly identifying the solution as true, but there is some naïve conceptions and 
misconceptions while describing the students’ subtraction operation 
Correctly identifying the solution as true by using alternative numbers/alternative 
solution strategy without referring to the present situation 
 

 
13 

(28.89%) 

Substantial Evidence of Attention to Children’s Strategies  
 Correctly identifying the solution as true and the subtraction between the numbers in the 

ones and tens place, but the connection between the numbers in the ones and tens place 
is missing 
Attention to solution is reasonable but not appropriate for that grade level (second grade) 
 

 
16 

(35.56%) 

Robust Evidence of Attention to Children’s Strategies  
 Correct attention to solution through identifying the relationship between numbers in the 

ones and tens place.  
1 

(2.22%) 
 
Robust Evidence of Attention to Children’s Strategies 
 

Data gathered from primary school teachers showed that only one of them could identify the 
solution as “true” by subtracting the ones and tens separately, and then establishing the relationship 
between results obtained from these subtractions. To accompany their work shown in Figure 2, 
Teacher 16 stated: 
 

The solution is correct. First, he found the difference between tens. Then, he calculated the 
difference between ones. Lastly, in order to find an answer, he subtracted this excessive 
amount (2) and found 38. 

 
Figure 2 
 
Teacher 16’s Work 
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Teacher 16 identified the relationship between numbers in ones and tens place and explained the 
minus sign in front of 2 as an excessive amount which is subtracted from the difference between tens. 
Therefore, his attention to the children’s strategy was regarded as robust evidence of attention to children’s 
strategies. 
 
Substantial Evidence of Attention to Children’s Strategies 
 

Most of the teachers (35.56%) correctly identified the subtraction operation by taking into 
account place value concepts and subtracted the ones from ones and tens from tens. However, the 
relationship between the numbers in the ones and tens place was missing. Also, the interpretation of 
‘2’ in the operation was neglected. Those responses were categorized as substantial evidence of attention to 
children’s strategies. For instance, one of the teacher’s expressions is as follows: 

 
He subtracted 3 (ones place of minuend) from the 5 (ones place of subtrahend) and wrote the 
result to the ones place. Then, he subtracted 2 (tens place of subtrahend) from the 6 (tens 
place of minuend) and wrote the result to the tens place. The answer is true. This is another 
way of thinking when you should subtract the small number from the larger number (Teacher 
33). 
 

As it could be realized from the above script, Teacher 33 did not relate the numbers obtained from 
the subtraction operation in the ones and tens place. In addition to this, some teachers tried to mention 
the role of the 2 in the subtraction operation; however, the connection between the numbers in the 
ones and tens place is still omitted. Why we subtract 2 from 40 or what -2 stands for is not obvious 
in the teachers’ responses. For instance, 

 
He correctly solved the question, he subtracted ones from ones and found -2. Then, he 
subtracted tens from tens and found 40. Then, he calculated the difference of these two 
numbers (Teacher 19). 
 

As could be deduced from the above response, the teacher correctly attended the subtraction 
operation by taking the difference between ones and tens separately. However, she did not interpret 
the (-2) and just explained the result by only taking the difference between ones and tens. 

In this category, analysis of findings revealed another important issue regarding the student’s 
solution. Some teachers’ attention to the solution could be accepted as reasonable, but inappropriate 
for second grade. In other words, the concept of integer was not an appropriate explanation for the 
second-grade student. For instance, 

 
He subtracted 2 tens from 6 tens. Then, he thought about integers, and subtracted 5 from 3 
and found -2. He subtracted the difference of ones from the difference of tens and found the 
answer (Teacher 1). 
 

As can be seen from this example, Teacher 1 considered 2 as an integer. But, as a second grade student, 
Mert did not learn the subtraction operation of integers. 

 
Limited Evidence of Attention to Children’s Strategies 
 

The analysis of in-service teachers’ noticing skills revealed that 13 (28.89%) teachers’ responses 
can be categorized as limited evidence of attention to children’s strategies. Compared to the substantial 



66     SITRAVA ET AL.  

evidence, the responses under this category consist of correctly identifying the student solution as 
true, but naïve conceptions regarding the subtraction operation. To exemplify, 

 
He conducted the operation mentally. He subtracted the tens and ones separately. Then, since 
he wrote the subtraction results in reverse order, he further subtracted two from 40 (Teacher 
14). 
 

As could be deduced from the above response, the teacher could not interpret the difference between 
“-2” and “40”. Furthermore, the teacher had a naïve conception that since the student wrote the 
operation in reverse order, he further conducted subtraction. 

In some cases, the teachers used another number to check whether the solution was proper 
or not. In other words, the teachers correctly identified the solution as true by using alternative 
numbers without referring to the present situation. The teachers confirmed the operation by using 
alternative numbers. For instance, Teacher 12’s explanation, and work shown in Figure 3, are as 
follows: 
 

He subtracted the ones and then tens from each other. Then he found the difference between 
these two results. The solution is correct when we tried the other number. Nice work! (Teacher 
12). 
 

Figure 3 
 
Teacher 12’s Work 
 

 
 
Identifying the solution without referring to the student’s solution was popular among teachers’ 
responses. In another example, another teacher identified the operation correctly, but he checked the 
correctness of the solution by using another solution strategy. Teacher 17’s explanation and work in 
Figure 4 are as follows: 
 

I think the solution is true (Teacher 17).  
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Figure 4 
 
Teacher 17’s Work 
 
 

 
Some of these teachers applied Mert’s solution strategy using alternative numbers without referring to 
Mert’s solution, and some presented an alternative solution. Thus, those responses are categorized as 
limited evidence of attention to children’s strategies. 
 
Lack of Evidence of Attention to Children’s Strategies 
 

Fifteen teachers’ (33.33%) responses did not provide strong evidence of attention to the 
student’s strategies. Indeed, in this category of response, teachers identified the solution/mathematical 
concepts correctly, but independently from the student’s answer, or they used general strategies and 
ignored the details in the student’s solution. Examples from teachers’ answers are as follows: 

 
He conducted the operation in reverse order. The answer is correct. He just used the logic of 
regrouping that yields the correct solution (Teacher 31). 
 
He just subtracted the ones and tens from each other. Based on the subtraction operation rule 
(the way of writing) the operation is wrong, but it is true conceptually (Teacher 13). 
 

As could be deduced from the responses, the teachers used general ideas and did not refer to the 
student’s solution. In addition to the categorization of attention, one of the teachers directly rejected 
the student’s solution and evaluated it as wrong. Teacher 37 stated that 
 

He solved the problem by using the subtraction operation. He most probably learned this 
methodology from his family. The technique is not correct. It is even an inhibitor for the 
following years (Teacher 37).  
 

To summarize, more than one-third of the primary school teachers provided lack of evidence of attention 
to children’s strategy. Except for one teacher, the other teachers could not identify the relationship 
between numbers in the ones and tens place, even though it is a vital issue to the subtraction operation.  
 
Interpreting Children’s Mathematical Understandings  

 
Similar to the attention dimension, the evidence of interpretation of children’s mathematical 

understanding was also categorized under five headings: robust evidence of interpretation of children’s 
understandings, substantial evidence of interpretation of children’s understandings, limited evidence of interpretation of 
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children’s understandings, lack of evidence of interpretation of children’s understanding, and no evidence of interpretation 
of children’s understanding. The details of each category and the frequencies of responses for each category 
are given in Table 2.  Then, evidence from teachers’ verbatim is given. 
 
Table 2 
 
The Details of Interpreting Children’s Mathematical Understanding Dimension and the Frequency of Each Category 
 

Interpretation Frequency 
No response 2 (4.44%) 
Wrong Interpretation 3 (6.67%) 
No evidence of Interpretation, Just Attention 8 (17.78%) 
Lack of Evidence of Interpretation of Children’s Understanding  
 Interpreting the solution/usage of mathematical concepts correctly, but independently 

from student answer 
General statement 

18 (40%) 

Limited Evidence of Interpretation of Children’s Understandings  
 L1: Consisting of general statement on ones and tens interpretation 

L2: Correctly identifying the solution as true, but there is a misconception while 
interpreting the subtraction operation 

7 (15.56%) 
5 (11.11%) 

Substantial Evidence of Interpretation of Children’s Understandings  
 Correctly identify the solution as true, correctly identifying the subtraction between the 

numbers in the ones and tens place, but the interpretation of the connection between 
the numbers in the ones and tens place is missing 
Interpretation of solution is reasonable but not appropriate for that grade level (second 
grade) 

 
2 (4.44%) 

Robust Evidence of Interpretation of Children’s Understandings  
 A correct interpretation of the solution through identifying the relationship between 

numbers in the ones and tens place 
0 

 
Substantial Evidence of Interpretation of Children’s Understandings 
 

Findings revealed that there was no response regarding the robust evidence of interpretation 
of children’s understandings. Only two (4.44%) teachers’ responses were categorized under the 
heading of substantial evidence of interpretation of children’s understandings. In this category, teachers correctly 
identified the solution as true and correctly interpreted the subtraction between the numbers in the 
ones and tens place. However, the interpretation of the connection between the numbers in the ones 
and tens place is missing. For instance, 

 
Mert conceptualized the subtraction operation. While finding the difference between ones and 
tens, he used natural numbers and instead of trading tens into ones, he treated each number 
as an integer. Indeed, this is the written way of the mental strategies that we use while 
calculating (Teacher 1). 
 

As could be understood from the above script, the teacher interpreted the ones and tens correctly, but 
the interpretation of the relationship between the numbers in the ones and tens place is missing.  

 
Limited Evidence of Interpretation of Children’s Understandings 
 

Seven teachers’ (15.56%) responses consisted of general statements regarding ones and tens 
interpretation without referring to the student solution (L1). Teacher 12’s response could be 
categorized under this heading.  
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He definitely understood the subtraction operation. He separated the ones and tens and 
performed subtraction separately. Thus, I believe that he understands the operation (Teacher 
12).  
 

In some cases (11.11%), teachers correctly identified the solution as true, but had some naïve 
conceptions while interpreting the subtraction operation (L2). For instance, 

 
For each digit, he subtracted the smaller number from the larger number. Thus, for the ones 
digit, he found his own way to subtract the bigger number from the smaller number (Teacher 
35). 
 

As could be understood from the above script, Teacher 35’s interpretations included some naïve 
conceptions like smaller numbers should be subtracted from the bigger number while subtracting. 

 
Lack of Evidence of Interpretation of Children’s Strategies 
 

In this category of responses, 18 teachers (40%) interpreted the student solution in a general 
manner without referring to the ones and tens place. For instance, 

 
I think this is a really creative solution. This solution is invented by a student, and it is really 
reasonable (Teacher 20). 
 

As could be understood from the above script, the teacher made general interpretations about the 
subtraction operation but did not discuss in detail the student’s solution. For this reason, similar 
responses were categorized under the heading of lack of evidence of interpretation of children’s understandings. 

 
No Evidence of Interpretation, Just Attention 
 

Data analysis revealed some teachers’ (17.78 %) responses were directly related to the solution 
and involved no interpretation. In other words, these responses are similar to those in the attention 
dimension and directly focus on the students’ solution. The following quotation illustrates this 
approach: 

 
He did it correctly, he subtracted ones and tens separately. After the subtraction operation, he 
combined the result (Teacher 3). 
 

To sum up, more than half of the primary school teachers interpreted Mert’s solution as true although 
most interpretations were not directly related to Mert’s solution and consisted of general statements 
and misconceptions. 
 
Deciding How to Respond on the Basis of Children’s Understandings 

 
Deciding how to respond on the basis of children’s understanding dimension was categorized 

under four headings: responding to child and incorporating, acknowledging, ignorance, and unrelated and general. 
The details of each category and the frequencies of responses for each category are given in Table 3. 
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Table 3 
 
The Details of Deciding How to Respond Dimension and the Frequency of Each Category 
 

Deciding         Frequency 
No response 5 (11.11%) 
Unrelated and General  
 L0: Misconception about knowledge of teaching subtraction, unrelated response 1 (2.22%) 
 L1: General pedagogy, including some mathematical concepts, models, representation 17(37.78%) 
Ignorance   
 
 

L0: Ignorance of students thinking and presentation of unrelated evidence from 
curriculum 

 
3 (6.67%) 

 L1: Ignorance of students thinking and reference to traditional algorithm 6 (13.33%) 
Acknowledging  
 L0: Asking the student to explain her/his strategy, trying to understand student strategy 5 (11.11%) 
 L1: Performing the same operation by using different numbers with/without giving any 

rationale.  
7 (15.56%) 

Responding to child and incorporating  
 L0: Incorporating further understanding unrelated to the students’ strategy/thinking 0 
 
 

L1: Incorporating further understanding (e.g., to make some generalization) without 
rationale 

1 (2.22%) 

 
 

L2: Incorporating further understanding (e.g., to make some generalization) with 
rationale 

0 

 
Responding to Child and Incorporating 
 

Only one teacher (2.22%), Teacher 36, incorporated further understanding regarding student’s 
solution. This teacher’s work in Figure 5 and explanation is as follows. She stated that 

 
I will ask him the following questions. Since I want him to generate a solution 
strategy for this kind of questions (Teacher 36).  

 
Figure 5 
 
Teacher 36’s Work 

 
 

 
 

 
As can be seen in the script, she tried to make some generalizations about the subtraction operation 
by asking questions where the minuend and subtrahend were not given. 

 
Acknowledging 
 

The acknowledging category of deciding how to respond on the basis of children’s 
understanding is divided into two categories. In the first category (L0), five teachers (11.11%) stated 
that they asked the student to explain his/her strategy because they wanted to understand the student’s 
solution. For instance 

 
I asked him why he performed the operation like this. By this way, I tried to learn the 
justification of his solution (Teacher 21). 
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The teachers in this category did not aim to support or extend student’s understanding. Instead, they 
wanted to understand the student’s reasoning behind performing this kind of operation. 

Teachers’ responses under the second category (L1) were differentiated based on the provision 
of rationale. Five teachers (11.11%) stated that they performed the same operation using different 
numbers without giving any rationale. Teacher 10, who is in this group, stated the following and their 
work is shown in Figure 6:  

 
We have 72 cases of lemon, and we sold 57 of them. How many cases of lemon do we have 
at the end? (Teacher 10) 

 
Figure 6 
 
Teacher 10’s Work 
 

 
 

Apart from five teachers, two teachers (4.45%) stated that they performed the same operation 
using different numbers and giving further rationale. They reported as follows and their work shown 
in Figure 7: 

 
I asked him if we could operate more easily. Then, I asked the following questions because I 
tried to understand whether he had chosen the above method since he did not know the 
trading of tens into ones (Teacher 11). 

 
Figure 7 
 
Teacher 11’s Work 

 

 
 
Although Teacher 10 and four other teachers asked for the same operation with different numbers 
within word problems, they did not state any rationale related to changing the numbers and asking the 
operation in the form of a word problem. However, only two teachers explained the reasoning behind 
asking subtraction operations with different numbers. 
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Ignorance 
 

Teachers’ responses that are categorized under this heading are divided into two categories. 
More specifically, in the first category (L0), three teachers (6.67%) ignored student’s thinking and 
presented evidence from the curriculum that was not directly related to the second-grade curriculum. 
For instance, one said: 

 
I asked him a similar question. Then, I asked if he can conduct the same operation by using 
three digit numbers(Teacher 30). 

 
Six teachers (13.33%) ignored student’s thinking and revisited the traditional algorithm (L1): 

 
Firstly, I asked Mert a subtraction operation involving one-digit numbers. Then, I asked a 
subtraction operation that did not call for trading tens into ones. Then, by using these 
operations to help them conceptualize the subtraction operation, I taught subtraction that 
requires trading of ten into ones (Teacher 19). 
 

As it can be realized from these examples, Teacher 30 stated that he would ask a subtraction operation 
using three-digit numbers. However, second grade students perform subtraction operation with 
numbers up to 100 according to the mathematics curriculum (MoNE, 2015). Moreover, Teacher 19 
did not attend to Mert’s solution while deciding how to respond to him. Instead, she focused on 
teaching traditional algorithms. The teachers’ explanations in this category were similar to those 
presented previously. 

 
Unrelated and General 
 

Data analysis revealed that 18 (40%) teachers responded to children without considering their 
solution strategy. Two categories emerged from these responses. Although the teachers did not 
consider the student’s solution strategies in both categories, there is a discrepancy between them 
regarding the provision of mathematical concepts, terminology, and materials. In the first category 
(L0), one teacher (2.22 %) responded unrelatedly to Mert’s solution. Her explanation is presented 
below.  

 
I asked the logic of the operation performed. I wanted him to share his solution with his 
friends. By this way, students can practically see that they can reach the solution through 
alternative methods (Teacher 3). 
 

In the second category, 17 (37.78%) teachers expressed some mathematical ideas while responding to 
students, but they were too general and irrelevant to the student’s solution. For instance, 

 
First of all, I asked Mert to explain his solution. I told him to write another problem. Then, I 
asked him to solve the written problem by using this method. As the teacher, I asked problems 
regarding the subtraction operation and asked him to solve the given problems by using 
different methods and compare the results (Teacher 8). 
 

Of the 45 teachers, five (11.11%) could not provide any response to students regarding Mert’s 
understandings. 
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To summarize, while responding to students, more than half of the primary school teachers 
disregarded Mert’s solution. Instead, they came up with unrelated and general responses or revisited 
the traditional algorithm. On the other hand, a few teachers focused on Mert’s solution strategy and 
aimed to get further understanding and make a generalization by performing the subtraction operation 
with different numbers. 

Discussion and Conclusion 
 
This study intended to investigate primary school teachers’ noticing skills of students’ 

mathematical thinking regarding whole number subtraction. The findings of the research questions 
will be discussed under three headings: attending to students’ strategies, interpreting students’ 
mathematical understanding, and deciding how to respond on the basis of children’s understanding. 
Then, the descriptive findings will be discussed holistically, and implications will be made. 
 
Attending to Children’s Strategies  
 

The findings of the study revealed that only one teacher provided robust remarkable evidence, 
while most of them showed a lack and limited evidence of attention. As teachers, they know how to 
solve the subtraction algorithm and can evaluate the correctness of the student’s solution, but they do 
not understand how the students solve the problem. Thus, it can be concluded that solving the 
subtraction algorithm or evaluating whether the solution is correct was sufficient to identify relevant 
mathematical details in the student’s solution. Consistent with these findings, previous studies resulted 
in teachers being able to solve the problems; however, they presented general statements about 
students’ solutions rather than giving mathematical details in the solution (e.g., Sanchez-Matamoros 
et al., 2019). In a similar study conducted by Doğan-Coşkun et al. (2021) with pre-service teachers, 
more than half of the pre-service teachers demonstrated limited evidence of attention. Moreover, 
Fernandez et al. (2013) expressed that pre-service teachers had difficulty identifying the mathematically 
significant details involving proportional and non-proportional reasoning. However, Kılıç (2019) 
resulted that pre-service teachers could attend to students’ thinking in the context of equations. 
Although the attending skill is regarded as the easiest skill (Jacobs et al., 2010), many studies concluded 
that in-service and pre-service teachers could not identify the details of students’ solution strategies. 
Jacobs et al. stated that attending does not only require teachers’ ability to determine noteworthy 
situations in a complex learning environment, but also requires having knowledge that enables teachers 
to determine mathematically significant details. Accordingly, LaRochelle et al. (2019) pointed out that 
to attend to students’ strategies, teachers need to know different strategies that the students develop 
to solve the problems. From this point of view, the findings led us to conclude that the teachers 
providing lack of and partial evidence might have limited knowledge of students’ strategies in the 
context of whole number subtraction.  

 
Interpreting Children’s Mathematical Understanding 

 
Parallel to the attending expertise, approximately 65% of the teachers had interpreting skills 

under limited evidence, which included lack of evidence, no evidence of interpretation, just attention, and wrong 
interpretation. The teachers, who failed to identify the mathematical concepts, such as the ones and tens, 
did not interpret the relationship between these concepts. This important finding lets us conclude that 
attending to mathematical concepts in children’s strategy plays a significant role in interpreting their 
mathematical understanding. This result is not surprising since it is necessary to give reasoning about 
students’ strategies and understand how they perform the operation. However, even if a few teachers 
could explain the student’s strategy, they could not interpret the student’s understanding. This might 
be because teachers could focus on the procedural aspects of the operations rather than the conceptual 
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aspects. Therefore, teachers might attach importance to explaining the steps of the strategy and 
disregard the students’ understanding of their underlying reasoning. From this point of view, it can be 
concluded that although attending expertise is important for interpreting expertise, it does not 
guarantee to interpret students’ understanding. 
 
Deciding How to Respond on the Basis of Children’s Understandings 

 
The findings revealed that only one teacher (2.04%) incorporated further understanding to 

generalize the subtraction operation. Based on the suggested question, it can be realized that the 
teacher thought that if the unknowns are the minuend or subtrahend, then this question will make the 
students think deeply and generalize the subtraction operation. Although the teacher tried to enrich 
students’ understanding by changing the unknown of the subtraction operation and to help the 
students to generalize, the question this teacher posed did not entice the students to think differently 
and invent new strategies. Because the question, which is generated by changing the unknown, does 
not necessitate conceptual knowledge of place value, knowledge of properties of operations, such as 
the associative, commutative, and distributive property, number relationships, connecting to 
subtraction operation, and other mathematical concepts. The students may only use the meaning and 
relationship between addition and subtraction to solve the subtraction operations whose minuend or 
subtrahend is unknown. In this case, the teacher had failed to suggest a question encouraging students 
to explore a new strategy.  

On the other hand, the responses coded as acknowledging and ignorance did not include any 
questions provoking students to think about concepts deeply and extending their understanding. 
These teachers might be providing general responses because of difficulty attending to the students’ 
strategies and interpreting students’ understanding from their strategies. When a teacher does not 
understand students’ strategies and interpret their understanding based on the important points of the 
strategies, they are likely to respond to the students in a general and superficial way (Amador et al., 
2016). In order to support/ extend their current thinking, the teachers should notice how the students 
solve the problem and what knowledge/understanding allows them to solve the problem in this way. 
This result confirms the outcomes of the previous studies by concluding that responding expertise 
depends on both attending and interpreting expertise; thus, it can be regarded as the most complicated 
skill of teacher noticing (Crespo, 2002; Jacobs et al., 2010).  

Another important reason for providing general responses might be their lack of content and 
pedagogical content knowledge. Indeed, Tyminski et al. (2014) emphasized that teachers should have 
coordinated and integrated knowledge to engage in deciding how to respond to students’ thinking. As 
discussed earlier, to decide the best response to extend/support students’ understanding, the teachers 
should attend to students’ strategies, which require using their own knowledge related to the concepts. 
To this end, the teachers need to have rich specialized content knowledge (SCK) (Ball et al., 2008). 
Furthermore, to decide the best response, the teachers should interpret students’ mathematical 
understanding, which necessitates knowledge of content and students (KCS). Therefore, providing no 
or limited evidence of attending and interpreting children’s understanding might be attributed to 
teachers’ deficiency in their mathematical content knowledge and knowledge of students (Son & 
Sinclair, 2010; Son, 2016). As attending, interpreting, and responding expertise are interrelated, SCK 
and KCS also play a foundational role in teachers’ skills in responding expertise (Casey et al., 2018; 
Tyminski et al., 2014). Besides, knowledge of content and teaching (KCT) involves the knowledge 
needed to decide “which examples to use to take students deeper into the content” (Ball et al., 2008, 
p. 401), so responding expertise is closely related to teachers’ KCT. As a result, the teachers’ difficulty 
in attending, interpreting, and responding may arise from their lack of content and pedagogical content 
knowledge, and they necessitate having extensive teacher knowledge (Dreher & Kuntze, 2015; Jacobs 
et al., 2010).  
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Regarding the overall noticing skills, the descriptive findings suggest that the teaching 
experience may not positively impact teacher’s noticing skills, which is different from what Jacobs et 
al. (2010) claim. The participants of the present study had teaching experience ranging from five to 40 
years, but their noticing skills were not as robust as expected. Thus, it seems that teaching experience 
does not ensure having robust noticing skills. Instead of teaching experience, experience in students’ 
invented strategies may have more effect on teacher noticing skills. The teachers, experienced in 
students’ invented strategies, could analyze and interpret how the students make sense of the problem 
and solve it and what kind of knowledge they have. By doing so, they could respond to students using 
their invented strategies to support/extend their understanding (Crespo, 2002). From this point of 
view, it is significant to differentiate the terms of teaching experience and experience in students’ invented 
strategies. Although teachers with at least five years of teaching experience are defined as experienced 
teachers (Berliner, 2001), they may not have any experience creating a classroom where students 
invent, share, and discuss their strategies. In such a case, the term experience has been misused, and 
it should be redefined since teacher noticing focuses more on children’s understanding than the regular 
teaching that occurs during the mathematics lesson, which can be directly related to experience. Thus, 
in the literature of teacher noticing, the teaching experience might be regarded as being experienced 
in understanding/reasoning students’ invented strategies rather than the number of years they have 
taught. 

Last but not least is the study’s contribution to the noticing literature in that it extended the 
categories of Professional Noticing of Children’s Mathematical Thinking Framework developed by 
Jacobs and his colleagues (2010). Although the present study is grounded in Jacobs et al.’s study, our 
data, which was gathered by means of an invented strategy, has enabled us to add specific features to 
the framework. Since the invented strategies necessitate making sense of mathematics but do not 
require the usage of materials and are more flexible than the standard algorithm, we need to develop 
a more specific and analytic framework for teacher’s noticing special to students’ invented strategies 

The main dimensions, attending, interpreting, and responding, were the same as those presented by 
Jacobs et al. (2010), and the names of the categories of attending and interpreting skills were the same 
as the categorization of Tekin-Sitrava et al.’s (2021).  However, we have set the characteristics of each 
dimension, taking the domain specificity of whole number subtraction into consideration to ensure 
we contribute to the literature. Also, rather than presenting teachers’ responding skills as robust, 
limited, and lack, we categorized them as responding to child and incorporating, acknowledging, ignorance, and 
unrelated and general, which gives greater insight into teachers’ responses. With this categorization, we 
aimed to evaluate the teachers’ responses in terms of whether the teachers consider the students’ 
strategies while responding and whether they support/extend students’ understanding. In conclusion, 
it could be emphasized that this framework enables one to analyze teacher noticing on the basis of 
students’ invented strategies, which has a critical role in connecting students’ strategies and the 
standard algorithm before introducing the standard algorithm. 
 

Implications and Suggestions for Further Research 
 

In light of the present study's findings, sharing some possible implications for teachers and 
teacher educators and recommendations for further research studies would be significant.  Firstly, the 
findings revealed that most of the teachers had a lack of or limited evidence of noticing skills in the 
context of students’ invented strategies. To enhance noticing skills, teachers might participate in 
professional development programs to deal with various students’ invented strategies, interpret them, 
and decide how to respond to students based on their invented strategies. Those programs could be 
enriched by generating collaborative discussion environments among teachers on particular student 
solutions. This way, teachers find a chance to share their ideas with other teachers with various 
teaching experiences and could improve their noticing skills on student thinking. 
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This research was conducted with teachers; however, similar research can be conducted with 
prospective teachers, and valuable implications could be made for teacher education programs. Thus, 
further research is recommended to evaluate prospective teachers noticing skills through design 
courses where prospective teachers could discuss student-invented strategies through written 
scenarios or video clips. In this regard, teacher education programs might give theoretical and practical 
opportunities to pre-service teachers so that they will work through invented strategies and their 
noticing skills will be fostered. Studies with different content areas, including measurement, geometry, 
and statistics, could be conducted in order to depict teachers’ noticing skills in alternative content 
areas in mathematics. In addition, from a research perspective, our framework is more specific than 
the current noticing frameworks since it focuses on students’ invented strategies. Thus, it could be 
applied and tested in different contexts with participants from different contexts and backgrounds. 
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ABSTRACT 
 
Part of learning a new discipline is learning the language used in the discipline. For mathematics,  
emergent multilingual learners (EML) must learn English and mathematical symbols in order to 
make meaning and communicate. The mathematics community’s understanding of communication 
is complex and includes the use of natural language, incorporation of representations (mathematical 
symbols and visuals), and manipulation of tools and technology. In our research, we use this notion 
of communication as we examine the way students think about their abilities to communicate in and 
about mathematics. We specifically ask: (1) How do fifth- and eighth-grade EMLs change in their 
understanding of mathematics communication with intentional instruction as captured on the 
Mathematics Communication Inventory (MCI) composite scores? (2) If there is change, how do 
fifth- and eighth-grade EMLs’ scores compare? (3) How does the use of academic language to 
communicate in mathematics change over time for EMLs with intentional instruction? Two groups 
of students (15 fifth and 17 eighth graders) enrolled in a newcomers’ program informed this 
research. Data were collected using an open-ended pre- and post-writing assessment. The results 
strongly suggest that students began to recognize the extent to which they used mathematics for 
communication, after explicit instruction, to reveal modes of communication in mathematics that 
are easily and constantly used by students. The change over time was different for the two age 
groups for total words/symbols and unique words. 
 

 
Keywords: sociocultural constructivism; mathematics communication; mathematics communication 
inventory; emergent multilingual learners 
 

Introduction 
 

At the national level in the United States (U.S.), mathematics educators stress that students 
should communicate about mathematics and in mathematics using a variety of methods (National 
Governors Association Center for Best Practices & Council of Chief State School Officers [NGA 
Center & CCSO], 2010; National Council of Teachers of Mathematics [NCTM], 2000). Effective 
mathematics communication is important for all students regardless of heritage language (Chen & Li, 
2008). Students entering U.S. schools with no English must learn mathematics concepts, develop 
communication skills, and learn English. With a growing population of non-English speaking students, 
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mathematics teachers need to scaffold with emerging multilingual students (EMLs) in terms of both 
mathematics and language skills. This scaffolding calls for incorporating best practices from two 
disciplines: mathematics and English Language Arts. Our research focuses on the development of 
mathematical understanding and communication abilities of EML students in a program that 
intentionally addressed both. 

 
Theoretical Framework 

 
This study is grounded in a theoretical framework based on semiotic mediation as it is 

described in two areas: socio-cultural constructivism as posited by Vygotsky (1978; 1986), and 
academic literacies as articulated by Gee (2004a; 2004b; 2008) and Lemke (2002; 2004). Language is 
portrayed as a tool for meaning-making (Vygotsky), used within a community (Gee), and having hybrid 
discursive practices (Lemke). All three portrayals focus on meaning as found in symbols, artifacts, and 
language. 

 
Socio-cultural Constructivism  
 

Socio-cultural constructivism (Luria, 1976; Vygotsky, 1978; 1986; Vygotsky & Luria, 1994) 
posits the epistemological stance that knowledge is constructed by individuals as they interact within 
the social context of community. Vygotsky and his students particularly stress language as a tool for 
developing conceptual understandings. This theory of learning incorporates forms of scaffolding in 
which a more knowledgeable other supports the learning when the learner cannot continue alone. The 
support allows the learner to move forward rather than remaining at his/her current level. The social 
tool of semiotic items (language, symbols) is important in this scaffolding process. 

 
Literacies 
 

The ability to communicate is further illuminated by Gee (2004a). He outlined a position 
whereby members of a specialized community use a social language recognizable by that specific 
community. He points out that the use of the language also makes members recognizable by those 
outside that particular community. This distinction is seen with mathematicians as there is a specific 
way of thinking, believing, and viewing the discourse of mathematics. Ubiquitous words, such as mean, 
whole, median, and sum, are recognized for specific mathematical meaning. The contexts in which 
the words are spoken or written situate their meaning. For example, in oral language the following use 
of the homophones whole and hole are understood only by knowing something about the context: 
"Create the whole using manipulatives" versus "Create the hole using a shovel." 

The Discourse of mathematics uses four modes as theorized by Lemke (2002). He posits that 
natural language, visual representation, mathematical symbolism, and manual technical operations 
work together to form “a single unified system of meaning making” (p. 1). Natural language refers to 
the written and oral communication as defined by linguists (Lyons, 1991). Lemke (2002) proposes that 
natural language is not precise enough to represent phenomena mathematically. Historically, as 
humans recognized the need for more precision in their communication, it became necessary to extend 
natural language from typological (qualitative meaning) to include topological (quantitative meaning). 
To illustrate, “The Statue of Liberty is tall” is an example of typological semiotics, where “The Statue 
of Liberty is 93 meters tall” exemplifies topological semiotics. Mathematical symbols provide 
information that communicates a variety of information. For example, T(x,y) = k(x 2 + y 2) or  𝑓(𝑥) =

𝑎! +( )𝑎" cos
"#$
%
+ 𝑏" sin

"#$
%
0

&

"'(
. These symbols and expressions (sentences) are recognizable 

by mathematicians, but often are meaningless to non-mathematicians. 
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Lemke (2004) further expands the notion of communication to include visual representations 
such as drawings, charts, graphs, and tables. Although not unique to mathematics, these 
representations help organize ideas and communicate mathematical thinking. The 4th mode, manual 
technical operations, includes meaningful actions and practices. These actions utilize tools within a 
specific environment to further communicate and make meaning. 
 

Literature Review 
 

Linguistic Challenges of Mathematics 
 

An often expressed misconception is that mathematics is universal and free of influence 
(Brown et al., 2009; Jourdain & Sharma, 2016). However, the language of mathematics can be 
confusing (Jourdain & Sharma, 2016) and part of learning a new discipline is learning the language 
used in the discipline. For mathematics, an EML must learn English and mathematical symbols as well 
as develop an understanding of how the different systems interact for making meaning (Schleppegrell, 
2007; 2011). Teachers often point out vocabulary as a challenge in teaching mathematics and fail to 
recognize the grammatical patterning that is involved. This is particularly true when word problems 
are included in the instruction (Fatmanissa & Novianti, 2021). 

Truxaw and Rojas (2014) described how difficult it can be to use a developing language while 
learning new mathematics concepts. These authors pointed to mathematics language as being more 
abstract, specific, and culturally determined than conversational language. Moschkovich (2015) 
stressed that conceptual understanding in mathematics requires words, vocabulary, and definitions. 
She suggested that using multimodal communication can be beneficial for overcoming some of the 
challenges. Jourdain and Sharma (2016), in a review of the literature, stressed the need for pedagogical 
practices to pay attention to how language is used in mathematics.  

 
Mathematics Communication 
 

Beal et al. (2010) pointed out that little attention has been paid to low levels of mathematics 
achievement by EMLs. Their research showed an achievement gap between EMLs and non-EMLs. 
These authors suggested that there is a minimum reading proficiency associated with mathematics 
achievement. In fact, two studies provided evidence that mathematical difficulties may reflect deficient 
language skills rather than quantitative processes (LeFevre et al, 2010; Vukovic, 2012). In order for 
EMLs to communicate in mathematics, they must use different skills from those in everyday 
communication. Mathematics communication requires using abstractions and symbols (Olivares, 
1997). Vukovic and Lesaux (2013) stated that “general verbal ability appears to impact children’s 
performance by influencing the mathematical thinking that involves the symbolic number system” (p. 
89-90). In addition, the specificity of the elements of mathematics ‘sentences’ often means that the 
order cannot be rearranged. This is not true of everyday and informal speech. 
 
NCTM 
 

NCTM (2000) recognized that “(c)ommunication can support students’ learning of new 
mathematical concepts as they act out a situation, draw, use objects, give verbal accounts and 
explanations, use diagrams, write, and use mathematical symbols” (p. 61). The process standard of 
communication generally refers to the skills of writing, speaking, listening, and reading about 
mathematics. The language of mathematics is complicated and dense (Schleppegrell, 2007; 2011). 
Without opportunities to use it, students struggle to communicate thoughts and ideas. By middle 
school, students should be able to describe, clarify, and extend their mathematics thinking in written 



84     HORAK SMITH ET AL.  

 

and oral forms. Their communication skills are further enhanced through use of multiple 
representations, including drawings, organized visuals (graphs, tables, and charts), mathematical 
symbols, manipulatives, or technologies (NCTM, 2000). 
 
Common Core State Standards 
 

Additionally, communication was addressed in two of the six Guiding Principles for School 
Mathematics found in the Common Core State Standards for Mathematics (CCSSM) (NGA Center 
& CCSO, 2010). The two are: (a) Teaching and Learning, and (b) Tools and Technology. The Teaching 
and Learning Guiding Principle discussed in Principles to Actions (NCTM, 2014) suggests that students 
engage “in meaningful learning through individual and collaborative experiences that promote their 
ability to make sense of mathematical ideas and reason mathematically” (p. 5). The Tools and 
Technology Principle states that math tools and technology are “essential resources to help students 
learn and make sense of mathematical ideas, reason mathematically, and communicate their 
mathematical thinking” (p. 5). 

 
Methods 

 
The mathematics community’s understanding of communication is complex and includes the 

use of natural language, incorporation of representations (mathematical symbols and visuals), and 
manipulation of tools and technology. In our research we use this notion of communication 
(Weinburgh et al., 2014) as we examine the way students think about their abilities to communicate in 
and about mathematics. We specifically ask: (1) How do fifth- and eighth-grade EMLs change in their 
understanding of mathematics communication with intentional instruction as captured on the 
Mathematics Communication Inventory (MCI) (Smith et al., 2015) composite scores? (2) If there is 
change, how do fifth- and eighth-grade EMLs’ scores compare? (3) How does the use of academic 
language to communicate in mathematics change over time for EMLs with intentional instruction? 

 
Participants 
 

Two groups of students (15 fifth and 17 eighth graders) enrolled in a newcomers’ program 
(Silva et al., 2008) within a local urban school system informed this research. Students had been in the 
U.S. less than three years and were expected to exit the newcomer program, entering mainstream 
classrooms in the fall. They were classified as “advanced high language proficient” on the Texas 
English Language Proficiency Assessment System. Twenty languages from 10 different countries were 
represented. 

 
Context/Instruction 
 

Students attended a three-week (80 hours) enrichment experience focused on a Crime Scene 
Investigation (CSI) theme in which science, mathematics, and English instruction were integrated 
(Silva et al., 2012; Weinburgh & Silva, 2011; Weinburgh et al., 2014). Students voluntarily attended the 
program for six hours each day. The program was developed and taught by four of the authors: two 
mathematics educators, a science educator, and a bilingual educator. Grade-appropriate investigations 
helped students solve a mystery using forensic practices to eliminate suspects. Students examined 
footprints, fingerprints, blood, ink, and DNA samples. To support students in collecting and analyzing 
scientific data, mathematics content areas of (1) measurement; (2) data collection and analysis; (3) 
proportional reasoning; (4) patterns, relationships, and algebraic thinking; and (5) numerical reasoning 
were emphasized. Furthermore, the process standards of connection, proof and reasoning, 
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communication, problem solving, and multiple representations were highlighted. 
 
Week 1 
 

First, students photographed and measured the crime scene to create sketches. The variation 
in the sketches produced by the students allowed for a discussion regarding the need for precision 
using scale and proportions. Responding to this discussion, the students used accurate measurements 
to create a two-dimensional scaled drawing of the crime scene. Later, students made a chart of possible 
suspects and used the patterns found in fingerprints to eliminate the first suspects. They engaged in 
multiple iterations of blood typing. As an extension and connection to their lives, the students 
confirmed their own blood types with their parents to calculate the percentage of each blood type 
within the class and compared the findings to national statistics. Students used their problem-solving 
skills and new knowledge of the percentage of blood types in the population to help eliminate other 
possible suspects. Through discussions and multiple representations, EMLs from each grade level 
shared their particular findings. These findings resulted in a full set of collaborative data for use by 
both groups. 
 
Week 2 
 

Fifth graders used chromatography to compare the ink on the packing slip to ink in pens taken 
from the list of suspects generated by the students, allowing for the elimination of other suspects. 
Eighth graders used their own foot-print measurements to discover the ratio between foot length and 
height. Based on this ratio, they calculated the offender’s approximate height, thereby eliminating 
more suspects. In addition, the eighth-grade students used patterns and relationships to read 
electrophoreses results from their DNA samples to identify the perpetrator from the remaining 
suspects. 
 
Week 3 
 

Students engaged in discussions about the various ways of communicating in mathematics. 
Class discussions included how to communicate within the classroom with peers and teachers through 
the use of words, pictures, organized visuals, mathematical symbols, and through the use of tools. The 
students made a list of different ways to communicate. Based on prior experiences, other discussions 
included ways in which people outside the classroom use mathematics, including their parents. 

Students were asked to reflect on their understandings of how they used mathematics to 
communicate their findings. Various forms of communication were recorded and posted on a 
classroom chart. Students initially recognized that they were using numbers, charts, and graphs to 
communicate their findings. Students began to add ideas like written words, drawing pictures, cooking, 
using manipulatives, and hand gestures. The chart became a growing reference that was used 
throughout the summer program. 

In another activity, students worked in groups to identify ways in which mathematics 
communication is used outside of the classroom. Figure 1 shows a group display of how students 
began to think about using mathematics to communicate. 
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Figure 1 
 
Students Produce a Poster to Represent How They Now Think About Math Communication 
 

 
 
Data Collection 
 

Data was collected using an open-ended pre- and post-writing assessment. Students were 
asked to respond to the prompt “How do I, as a mathematician, communicate information?” This 
prompt allowed students maximum leeway in expressing understanding of how to communicate in 
and about mathematics, as well as time needed for responding. Thus, student responses varied in 
length, complexity, and types of communication systems. 

 
Data Analysis 
 

Data were analyzed in two phases. First, we scored the pre- and post-writing using the MCI. 
The MCI is an analytical framework grounded in Lemke’s notion of hybrid language (2004), NCTM’s 
Principles and Standards for School Mathematics (2000), NGA Center and CCSO initiative (2010), and 
Silverstein’s theoretical work in multifunctional communicative semiotic (1995; 2004). The MCI has 
five coded categories: (1) Mode I, (2) Mode II, (3) Content, (4) Process, and (5) Placement/Context. 
The MCI was presented to a panel of mathematicians for feedback as to its appropriateness for 
capturing change in communication. In addition, word and mathematical symbols were counted. The 
second phase of data analysis compared the data from phase one using the Statistical Package for the 
Social Science (SPSS). 
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Phase One Analysis 
 

Writing samples (Appendix) were scored using the MCI. Each sub-category could receive a 
score of 0 or 1. Mode I and Mode II parallel Lemke’s hybrid language. Content and Process were 
taken from the NCTM standards, CCSSM, and current state standards. Placement/Context was added 
by the researchers to reflect Gee’s (2004b) notion of situated meaning. In addition to the five 
categories, words and symbols were counted for total number of words/symbols, total mathematics 
words/symbols, and unique mathematics words/symbols. The total number of words was included 
because the students were EML learning English beyond mathematics. 

Mode I reflected how the students presented their information. For example, the students 
could use natural language, symbols, visuals, or organized visuals as a part of their explanations. All 
students received credit for natural language because they wrote something; some students received 
credit for the use of symbols, visuals, and organized visuals. We determined that manual technical 
operations would never be used in Mode I. 

Mode II reflects what the student described as methods of communication. For the sample to 
receive a one for natural language, the student had to write about talking, writing, or speaking about 
mathematics. To receive a one for mathematical symbols, a student had to show how s/he used 
mathematical symbols. To receive a one for visuals, a student had to describe using pictures or 
drawings. For a student to receive a one for organized visuals, s/he had to write about using tables, 
charts, graphs, or other organized visuals. A student might write that a person could use a graph to 
show the household bills (see Appendix). Lastly, to receive a one for manual technical, the student 
needed to discuss how s/he used gestures or tools. An example that most students described was 
using cups/spoons to measure ingredients. 

For Content, the coders examined the way the student expressed an understanding of the six 
content strands based on NCTM standards, CCSSM, and current state standards. Process has five 
areas as found in the NCTM (2000) standards. Placement/Context included formal, informal, and 
academic. The sample received credit for informal if the student described a situation such as cooking 
or driving, and academic if it took place in the school setting. Word and symbol counts were 
conducted. 

Each student’s pre- and post-writing was transcribed with all representations (symbolic and 
visual) included. We practiced using the instrument on data collected from students who were missing 
a pre- or post- writing sample. Once interrater reliability was established at 91%, coding for the study 
began.  
 
Phase Two Analysis 
 

In order to answer Research Question 1, a comparison of the scores from the MCI on 
students’ pre-writing and post-writing assessments were conducted using a one-tailed t-test. In order 
to answer Research Question 2, the five sub-scores on the MCI were examined using a one-tailed t-
test for each of the grade levels. 

Both groups improved significantly in understanding of mathematics communication, as 
shown in Table 1. For the fifth-grade EMLs, MCI mean scores increased from 3.87 to 11.8. This 
increase was significant at the .05 level, t(14) = -6.65, p < 0.001. Means for the eighth-graders increased 
from 2.94 to 15.65, which was significant at the .05 level, t(16) = -12.62, p < 0.001. 
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Table 1 
 
Analysis of Pre-Writing and Post-Writing Scores on the MCI 
 

  PreWriting   Post-Writing    

Grade n M SD  M SD t p 

5th 15 3.87 1.81  11.8 5.09 -6.65 <.001 

8th 17 2.94 1.14  15.65 3.89 -12.62 <.001 

 

Research Question 2 

Both fifth- and eighth-grade EMLs showed improvement on all five sub-scores which 
warranted Research Question 3. Analysis revealed differences between the groups from the pre- to 
the post-writing. 
 
Fifth-grade Change 
 

A comparison of pre- to post- scores by the five categories is shown in Table 2 for the fifth-
grade students.  
 
Table 2 
 
Analysis of Pre-Writing and Post-Writing Sub-scores on the MCI 
 

Fifth-Grade   
Sub-score Category t p 
Mode I -2.78 0.007 
Mode II -4.66 <.001 
Content Standards -6.46 <.001 
Process Standards -4.62 <.001 
Context -4.58 <.001 

Eight-Grade   
Sub-score Category t p 
Mode I -7.38 <.001 
Mode II -6.17 <.001 
Content Standards -10.87 <.001 
Process Standards -8.72 <.001 
Context -13.96 <.001 

 
During the pre-writing task, students predominately used natural language as their form of 

communication. Only one student used an organized visual in the writing sample. In the post-writing 
task, only four students exclusively used natural language. The other 11 students used two or more 
forms (natural language, mathematical symbols, visuals and/or organized visuals), providing evidence 
that the students were thinking about a variety of communication strategies. 

On Mode II, the fifth-grade students' pre-writing task scores ranged from 0-2. Three students 
scored 0, nine students scored 1, and three students scored 2. The students only discussed using two 
forms of communication: natural language and mathematical symbols. Students mostly wrote about 
being able to talk generically using mathematics. Five students wrote about using mathematics 
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symbols. In contrast, the post-writing task scores ranged from 0-5. The majority of the students’ scores 
ranged from 2-5 on the post- test. Only two of the students scored 0 on the post-test and 13 students 
scored 2 or higher. 

For mathematics content standards, the majority of the students (14) scored either 0 or 1 on 
the pre-writing task with number and operations being the most common content standard discussed. 
Only one student scored 2, and s/he touched on number and operations and financial literacy. The 
post-writing task still had one-fifth of the students scoring 0, the other four-fifths scored between 1 
and 4, with most students scoring 3. One student discussed using graphs, one student wrote about 
using algebra, and two students wrote about using geometry. 

Process standards had seven different measures: 1) communication, 2) problem solving, 3) 
representations, 4) proof and reasoning 5) connections with other content areas, 6) connections within 
math, and 7) connections in other contexts. On the pre-writing task, seven students scored 0, seven 
students scored 1, and one student scored 2. On the post-writing task, one student scored 0 and two 
scored 1. Again, those scoring 1 only discussed using the process standard of communication. The 
other 12 students scored between 2 and 5, with four scoring 2, four scoring 3, three scoring 4, and 
one scoring 5. No student hit all seven areas. 

Fifth-grade students also showed change in Placement/Context. In the pre-writing task, only 
four students placed their writing within a specific context: academic setting and business context. On 
the post-writing samples, four students contextualized mathematics in only one area: informal context 
or academic context. Five of six students scoring 2 on the MCI placed the mathematics in informal 
and academic settings. There were four students who were able to write about communicating 
mathematics in all three contexts. 

Sub-scores in each category on the MCI from pre-writing to post-writing were analyzed to 
determine if the differences were significant at the .05 level. For the fifth-graders, all categories except 
Mode I (natural language) showed significant improvement (see Table 2).  
 
Eighth-grade Change 
 

A comparison of pre- to post-scores by category are shown in Table 3. 
 
Table 3 
 
Total Word/Symbol Count & Unique Math Word/Symbol Count 
 

Total Word/Symbol Count     

  Pre-Writing   Post-Writing    

Grade n M SD  M SD t p 

5 15 24.93 14.14  245.87 126.34 -6.98 <.001 

8 17 24.59 14.99  352.82 151.31 -9.31 <.001 

 

Unique Mathematical Word/Symbol Count 

  Pre-Writing   Post-Writing    

Grade  n M SD  M SD t p 

5 15 2.53 2.39  17.93 15.47 -3.85 <.001 

8 17 1.12 1.76  23.94 10.87 -8.42 <.001 
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In the pre-writing task, the only form of communication used by students for Mode I was 
natural language. In the analysis of the post writing task only two students used natural language 
exclusively. The majority of the students used three (7 students) and four (5 students) forms of 
communication. 

Looking at Mode II pre-scores on the MCI, the students predominately scored 1. These 12 
students wrote about communicating with natural language. Of the three who scored 2 on the 
instrument, two described using symbols and one wrote about using manual technical operations 
(rulers, calculators, manipulatives, money, etc.). On the post-writing task, only two students scored 1. 
One student discussed using natural language and the other discussed using manual technical 
operations. Of the 15 remaining students, all wrote about using mathematical symbols, four discussed 
using visuals (pictures and drawings), 11 wrote about using organized visuals (tables, charts, graphs, 
etc.), and eight described using manual technical tools. These data indicated that students were able to 
apply the modes to describe how they would communicate mathematically with others. 

On the pre-test for Content, only three students identified a content area (number and 
operations) that they communicate about mathematics. In the post-writing, students expanded the 
content to include measurement (13), number and operations (17), and financial literacy (16). These 
post-writing findings show a tremendous increase on which content areas within mathematics can be 
used to communicate mathematically. 

In analyzing the students’ pre-writing task for Process, only ten of 17 students wrote about 
using one of seven process standard components. All ten students discussed using at least one of the 
four hybrid processes to communicate mathematically. No other process standard was identified in 
the pre-writing task. On the post-writing task, only one student scored 1. The remaining 16 students 
scored between 2 and 6. The four process standards included the most were communication (10), 
problem solving (16), representations (10) and connections within other contexts (15). 

When analyzing the pre-writing task about the context, only three students placed their writing 
within a specific context. One discussed communicating about mathematics in an informal setting, 
while two students wrote about communicating within an academic setting. For the post-writing 
example, students were more diverse in the situations where they communicated mathematically. 
Communicating in both informal and business situations was discussed by 16 students. In contrast, 
only 12 students discussed using mathematics to communicate in an academic setting. 

Sub-scores in each category of the MCI from pre-writing to post-writing were analyzed to 
determine if the differences were significant at the .05 level. For the eighth-graders, all categories of 
the MCI showed a significant improvement (see Table 2). 

 
Research Question 3 
 

In order to investigate the ways in which academic language used to communicate in 
mathematics changes over time for EMLs with intentional instruction, several pre/post word and 
mathematical symbol counts were conducted. For this study, two counts were reported: total 
words/symbols used, and unique math words/symbols used by the students. 
 
Total Words/Symbols 
 

The total word/symbol count enabled the authors to explore the increase in students’ general 
writing, including their comfort level in using English to write about mathematics. As shown in Table 
3, a statistical increase in total word/symbol count after intentional instruction was noted. The total 
word/symbol count for fifth-graders was significant at the .05 level, t(14) = -6.98, p < 0.001. The fifth-
grade students’ writing samples average increased from approximately 25 words/symbols to 245 
words/symbols. The total word/symbol count for eighth-grade increased from 25 words/symbols to 
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350 words/symbols. The eighth-grade data were significant at the .05 level, t(16) = -9.31, p < 0.001. 
 
Unique Words 
 

The unique mathematical word/symbol count looked solely at mathematics vocabulary and 
symbols present in the student writing samples. Words/symbols were counted only once even if the 
word/symbol was used several times. For example, when a student wrote “We communicate with a 
graph, and there are different types of graphs. Line graph, bar graph, pie graph, double bar graph,” 
the word “graph” was only counted once. In this instance, line graph, bar graph, and pie graph were 
considered to be unique math terms. A similar procedure was used for math symbols. 

Table 3 indicates that the fifth- and eighth-grade students’ use of unique mathematics 
vocabulary/ symbols also increased. The use of unique mathematics vocabulary/symbol count for the 
fifth-graders was significant at the .05 level, t(14) = -3.85, p < 0.001. They increased their use of unique 
mathematics terminology from 2.5 words per pre-writing sample to 18 unique words per post-writing 
sample. Whereas the eighth-graders were significant at the .05 level, t(16) = -8.42, p < 0.001, their 
increase was greater. The eighth-graders went from using one unique mathematical term per pre-
writing sample to using 24 unique terms in the post-writing sample. 
 

Discussion 
 

As teachers of a growing number of EMLs, we were interested in seeing if intentional 
instruction that included metacognitive activities would change students’ understanding and use of 
mathematics communication. Although the two grade levels’ gains were different, there were 
similarities in how communication skills developed for both. Therefore, we chose to frame this 
discussion by sub-categories on the MCI rather than by grade level, followed by a discussion of the 
changes observed in word/symbol use. 

 
Mode I 
 

Mode I shows the students' understanding of how to present information in a mathematical 
format. The NCTM Standards call for the students to “(c)reate and use representations to organize, 
record, and communicate mathematical ideas” (NCTM, 2000, p. 67). However, neither the fifth- nor 
eighth-grade students came into the summer program showing such an understanding. The data show 
that given meta-linguistic and meta-mathematical instruction, the students were able to expand their 
repertoire of communication modes. During the pre-writing task, the students predominately used 
natural language as their form of communication but moved to using other modes of the hybrid 
language by the end of the intervention. As indicated by Lemke (2002), natural language is necessary, 
but not sufficient to communicate fully the precision and complexity of mathematical thought. In 
addition, Cai et al. (1996), Johnson (2013), and Jourdain and Sharma (2016) discuss the importance of 
using natural language as well as mathematical expressions, and visual representations. All three posit 
that these are imperative to students’ mathematical understandings. 

 
Mode II 
 

Mode II reflects what the student described as methods of communication. Initially, they 
predominately used natural language to describe using language to communicate (i.e., I talk, read, and 
write about math to my friends.). In the pre-writing task, the students discussed using only two forms 
of communication: natural language and mathematical symbols. After intentional instruction, students 
were able to expand their repertoire to include mathematical symbols, visuals, organized visuals, and 
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manual technical operations (mathematical tools, gestures, etc.) as a way to communicate mathematics 
to others. This expansion is an important finding because students who have an understanding of the 
importance of using different modes of communicating mathematically fulfill the NCTM (2000) call 
for the ability to “(s)elect, apply, and translate among mathematical representations to solve problems 
(p. 67) and to “(u)se representations to model and interpret physical, social, and mathematical 
phenomena” (p. 67). 

 
Content Standards 
 

The scores on the pre-writing task provide evidence that students were only aware of 
communicating about number/operations and financial literacy. Much of the instruction during the 
3-week period required the students to communicate using measurement, data analysis, and 
number/operations. In the post-writing, the majority of students discussed using measurement, 
numbers/operations, and financial literacy to communicate mathematically. Limited movement 
toward mathematical thinking of geometry and algebra was also noted. 

We feel the reason students discussed financial literacy (using money) is because of its 
practicality in their lives. It was not surprising that geometry and algebra were not mentioned by many 
of the children, since these were not the topics of instruction. We were somewhat surprised that we 
did not observe more movement regarding data analysis since we used tables, charts, and graphs 
almost daily to communicate findings in both the mathematics and science classroom. 
 
Process Standards 
 

The process standards are important for students because they cut across all mathematics 
content areas. Our state guidelines posit that “[t]he process standards weave the other knowledge and 
skills together so that students may be successful problem solvers and use mathematics efficiently and 
effectively in daily life” (Texas Education Agency, 2012, p. 1). With knowledge of process skills, both 
the fifth- and eighth-grade students are more likely to be successful learning the content. As noted in 
the results section, the students moved beyond only talking or writing about mathematics, to using 
each of the process standards to show how someone would do mathematics. The biggest gains were 
found in the process standard of problem solving and connections. This gain can be explained by the 
emphasis put on problem solving within the integration and overlap of science, language, and 
mathematics, and with the discussions about real world applications of mathematics. Kosko and 
Norton (2012) discuss the importance of connecting mathematics not only to other content areas and 
other contexts outside of school, but also about helping students make connections within 
mathematics. 

The process standard of reasoning and proof increased the least, which did not surprise us 
because the complexity involved in this process is well documented. Even though we asked the 
children as a regular part of instruction to explain their answers, we provided less scaffolding for this 
skill than for others. However, we believe with more time, such as a full semester or academic year, 
students’ understanding of the processes of reasoning and proof would increase. 

 
Placement/Context 
 

Placement and/or context denote the informal, formal, or academic setting in which the 
students believe mathematics communication is used. The identification of the placement or contexts 
is very telling about student awareness of using mathematics to communicate in daily life. In looking 
at the results, if the students mentioned a context during their pre-writing sample, they generally placed 
the communication within the classroom (academic). However, this occurred in only four of the 
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students’ writings with only one student noting that businesses (formal) use mathematics to 
communicate about sales. Even more astounding was the fact that the eighth-graders did not describe 
mathematics communication within any context. None of the students wrote about communicating 
mathematics in an informal setting, yet that is probably the most prevalent context in which to 
communicate math on a daily basis. 

During the post–writing sample, the students demonstrated drastic changes in their views on 
placement/context. For both age groups, students gave examples within all three areas (informal, 
formal, and academic). It is obvious that the students became more aware of using mathematics to 
communicate within informal, everyday situations such as going to the grocery store, driving a car, 
giving directions, paying bills, cooking, etc. They also identified a multitude of business examples as 
seen in an example of one student (see Appendix). 

 
Word/Symbol Use 
 

Word and symbol use was divided into total and unique mathematical words/symbols used 
by EMLs. One might expect that after a 3-week summer program focusing on language, total 
word/symbol count would increase. This expectation was supported by the data. However, a striking 
finding was the increase in mathematics word count and unique mathematics terminology. Not only 
did the students increase the number of words/symbols used, but they placed them in mathematical 
sentences and appropriate language contexts. 

 
Implications 

 
The results strongly suggest that students began to recognize the extent to which they used 

math for communication after explicit instruction to reveal modes of communication in mathematics 
that are easily and constantly used by students. This recognition displayed itself as an increase in the 
use of the modes of the hybrid language in the post-writing. Of particular note for classroom teachers 
is that all but one of the students increased in the actual use of natural language, mathematical 
expressions, and visual representations as they described ways in which they could communicate in 
mathematics. 

Classroom mathematics teachers teach the students the mechanics of communication, but 
often do not explain that what they are demonstrating is communication. For example, teachers show 
students how to read graphs. This instruction is necessary, but not sufficient. Students, especially 
EMLs, benefit from intentional instruction in metacognitive strategies in order to understand the 
underlying modes of communication. Thus, teachers should also point out the communicative 
function of the graph. As students become aware that they are doing some form of mathematics all 
the time, they realize that much of their daily communication includes mathematics. It is possible that 
the pre-writing reflects that students do not recognize that visual representations and symbolic 
representations are forms of communication. They do not immediately move from natural language 
to using visual and mathematical expressions in their explanation. Our study shows that with 
intentional instruction about modes of communication within the mathematics classroom, students 
begin to move beyond natural language. These findings are consistent with what we know about 
natural language in the sense that learners that develop metalinguistic awareness are better language 
users. 

Even though our research does not attempt to show improvement in mathematics 
achievement, others have done so. Cohen et al. (2015) found that having second grade students write 
about communicating math improved their mathematics content scores over those who did not write. 
Their definition of writing, like the writing examples our study, includes natural language, 
mathematical symbols, and visuals. Their writing samples were not limited to reasoning and proof 
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examples either, but included many types of writing such as poetry. Even though Cohen et.al. (2015) 
state that their research cannot be applied to other grade levels, we believe that when children 
communicate about mathematics using the four modes of communication, their new breadth of 
understanding will move them to thinking about mathematics in many contexts. 
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MATHEMATICAL COMMUNICATION BEYOND NATURAL LANGUAGE 1  

Appendix 

Pre – Instruction Journal Entry 

How do I as a mathematician communicate information? 

-I don’t know. 

 

Post – Instruction Journal Entry 

How do I as a mathematician communicate information?

 

Use a graph to show the house and family 

bills. 

 

We can use it in steps, or procedures 

Go 21st street: Granbury: Walmart 

(to) (to) 

Maybe cut pizza or apple in equal pieces or 

any other round objects 

 
 

maybe we can use code writing with 

our friends 

“You know, yesterday I proved 

my dad that I am > tommy 

(better) (bigger) 

 

 

Use it in time table? (graph) (table) 

 

 

Use in chess (game) to show how each unit can 

be moved. 

 

Use it as a teacher to teach younger ones. 

 

 

Use it as a fisherman to see how long it would 

take to comeback if he went 160 feet away 

from the port. 

Word Count: 11    Without question: 3 
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MATHEMATICAL COMMUNICATION BEYOND NATURAL LANGUAGE 1  

 

 

Use it as a chef to see how mc much salt or sugar 

are needed to add. 

 

 

 

Use it as a pilot to know the approm. time 

to reach to destination.

 

Use it as a blender or baranter (someone Who 

mizes drink at lounge) to know what to and how 

much amount to mix. 

 

Use it as an angineer or architector to know the 

measurements of building on the sketch and to 

scale it up 

 

Use pie chart to show your favorite activities 

 

 

 

use angles to predict 

where an will the object bounce back when thrown 

on a slope. 

 

 

 

 

Word Count: 210    Without question: 202 
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ABSTRACT 
 
The motivational beliefs of students, who were mainly bioscience majors interested in careers in 
health professions, in mandatory large introductory level algebra-based physics courses were 
surveyed. Although female students outnumbered male students in these courses, they had lower 
physics motivational beliefs including self-efficacy and identity at the beginning of the physics 
course, and this gender gap increased by the end of the course. Moreover, the present study used a 
slightly modified version of the physics identity framework by Hazari et al. (2010) to investigate 
whether the relation between gender and physics identity was mediated by other motivational 
beliefs, including perceived recognition by others, self-efficacy, and interest. The model shows that 
perceived recognition by others, self-efficacy, and interest mediated students’ physics identity and 
there was no direct path from gender to identity. The increased gender gap in these beliefs measured 
at the end of the physics courses may signify inequity and the non-inclusive nature of the physics 
learning environment. These findings related to the gender gap in physics motivational beliefs are 
valuable because they may signify that classroom representation alone will not change the pernicious 
effects of systemic gender inequities in physics perpetuated by society and bolstered further by the 
physics learning environments. 
 

 
Keywords: equity, inclusion, gender, motivational beliefs, physics, undergraduate 
 

Introduction 
 

While prior research has investigated issues pertaining to women’s representation in the 
science, technology, engineering, and mathematics (STEM) fields (American Institute of Physics, 
2020; Blue et al., 2018; Bowling et al., 2017; Brainard & Carlin, 1998; Center, 2015; Harackiewicz et 
al., 2016; Kost-Smith et al., 2010; Lorenzo et al., 2006; Miyake et al., 2010; Seymour, 2002; Seymour 
et al., 1997; Tsui, 2007; Vincent-Ruz et al., 2018; Walton et al., 2015; Whitten et al., 2003), most studies 
in college physics have focused on courses in which women are outnumbered by men. Moreover, in 
explaining participation and learning in STEM disciplines, student motivational beliefs have been 
shown to play an important role (Sari et al., 2018; Smith et al., 2013; Stets et al., 2017; Swarat, 2008; 
Yang, 2016). However women have been shown to have lower motivational beliefs than men (Hanson 
et al., 2020; Louis & Mistele, 2012; E. M. Marshman et al., 2018; Stewart et al., 2020). In particular, 
students’ identity has been shown to play an important role, not only in students’ in-class participation 
and performance, but also in their choices of future courses and careers (Carlone & Johnson, 2007; 
Gee, 2000; Hazari et al., 2010; Stets et al., 2017; Tonso, 2006; Vincent-Ruz & Schunn, 2018). Identity 
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in this context (e.g., physics identity) refers to students’ views about whether they see themselves as a 
physics person or a person who can excel in physics (Hazari et al., 2017; Hazari et al., 2013; Hazari et al., 
2010; Monsalve et al., 2016). 

In the present study, a version of the physics identity framework developed by Hazari et al. 
(2010) was used, which adapted the science identity framework by Johnson et al. (2017). Johnson et 
al.’s (2007) science identity framework includes three dimensions: competence (I think I can), 
performance (I am able to do), and recognition (I am recognized by others). Hazari et al. (2010) 
modified the framework specifically for physics. Competence and performance were defined as 
students’ beliefs in their ability to understand the subject and students’ belief in their ability to perform 
physics tasks. Additionally, recognition was framed as recognition by others as being a good physics 
student. Lastly a fourth dimension, interest, was added to the framework since students have highly 
varying levels of interest in physics (Hazari et al., 2017; Hazari & Cass, 2018). In future studies by 
Hazari for introductory students, performance and competence are combined into one variable 
(Hazari et al., 2020). In a slightly reframed version of Hazari’s physics identity framework by Kalender 
et al. (2019b), the framework used in the study, performance/competence was framed as self-efficacy 
(closely related to competency belief). Additionally, recognition was framed explicitly as perceived 
recognition by students for clarity. 

Self-efficacy refers to students’ belief in their ability to accomplish tasks or solve problems 
(Bandura, 1977; 1994). It has been shown to influence students’ engagement, learning, and persistence 
in science courses, in addition to contributing to students’ science identity (Britner, 2008; Cheryan et 
al., 2017; Felder et al., 1995; Lindstrøm & Sharma, 2011; Sawtelle et al., 2012; Schunk & Pajares, 2002; 
Zimmerman, 2000). For example, when tackling difficult problems, students with high self-efficacy 
tend to view the problems as challenges that can be overcome, whereas those with low self-efficacy 
tend to view them as personal threats to be avoided (Bandura, 1994). However, in introductory physics 
courses in which women are underrepresented, studies have found a gender gap in self-efficacy that 
widens by the end of the course, even in interactive engagement courses (E. Marshman et al., 2018; 
Nissen & Shemwell, 2016). Additionally, self-efficacy has been shown to predict students’ engagement, 
learning, and persistence in science courses (Bandura, 1994; Bouffard-Bouchard et al., 1991; Cavallo 
et al., 2004; Correll, 2004; Fencl & Scheel, 2005; Vincent-Ruz & Schunn, 2017).  

Another motivational belief that influences physics identity is interest. Interest in a particular 
discipline may affect students’ perseverance, persistence, and achievement (Bailey et al., 2017; 
Harackiewicz et al., 2002; Hidi, 2006; Lichtenberger & George-Jackson, 2013; Strenta et al., 1994; 
Tims et al., 2014; Wang & Degol, 2013). One study showed that changing the curriculum to stimulate 
the interest of female students helped improve all of the students’ understanding at the end of the year 
(Häussler & Hoffmann, 2002). Within expectancy-value theory, interest and self-efficacy are 
constructs that predict students’ academic outcomes and career expectations (Wigfield & Eccles, 
1992). In this study the focus is on intrinsic interest, or an individual’s personal interest, and enjoyment 
in engaging with physics concepts in this study. 

The third belief, perceived recognition by others, has been shown to play an important role in 
a student’s identity (Vincent-Ruz & Schunn, 2018) and motivation to excel (Goodenow, 1993). In a 
study on students’ perception of support, teacher support was more strongly linked to the motivation 
and engagement of girls than boys (Goodenow, 1993). However, studies have shown that female 
students are not recognized appropriately in many STEM disciplines, even before they enter college 
(Archer et al., 2017; Bian et al., 2017; Kalender et al., 2019a). One study found that science faculty 
members in biological and physical sciences exhibit biases against female students by rating male 
students significantly more competent (Moss-Racusin et al., 2012). Moreover, prior research suggests 
that students’ perceived recognition by instructors and teaching assistants (TAs) can impact their self-
efficacy and interest in physics and students’ physics self-efficacy can impact their interest in physics 
(e.g., Doucette et al., 2020; Doucette & Singh, 2020). 
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Prior studies have shown that women have lower physics motivational beliefs, including 
identity, than men (Archer et al., 2017; Lock et al., 2013; Monsalve et al., 2016). However, most of the 
studies in the college context concerning physics motivational beliefs are conducted in classes in which 
women are underrepresented (Hazari et al., 2010; Kalender et al., 2019a). Nevertheless, pervasive 
societal stereotypes and biases about who can excel in physics that bombard women from a young age 
could impact their physics motivational beliefs, including their identity, even in physics courses in 
which they outnumber men, (e.g., introductory physics courses for bioscience majors in which women 
are not underrepresented). The students’ physics motivational beliefs in these courses could influence 
not only their participation and performance in the physics courses, which is very important in itself, 
but also in other STEM disciplines in which they are intending to major or may be considering a 
career. For example, past studies have shown that the factors that influence students’ physics identity 
influence their engineering career choices (Godwin et al., 2016) and predict students’ engineering 
identity (Patrick et al., 2018), when the survey was administered in college English composition courses 
(where the majority of students were first year students with intentions to major in a variety of 
disciplines).  

Similarly, these physics identity factors could influence students in a physics course for 
bioscience and pre-health majors. In particular, the focus here is on students who are bioscience 
majors primarily interested in health-related professions, for whom two physics courses are 
mandatory. The reason these physics courses are mandatory for students is not only because the 
foundational knowledge of physics is central to developing deep understanding of bioscience, but also 
because the kind of reasoning skills students develop in physics can help them in their majors and 
future careers. In fact, a majority of these bioscience majors are on the pre-health track and want to 
become health professionals. Higher physics motivational beliefs including an identity as a person who 
can excel in physics can help them engage and perform better (e.g., on the Medical College Admission 
Test (MCAT) in which 5-8% of the material consists of physics concepts) to realize their career goals.  

Explicit and implicit societal stereotypes and biases that women internalize about physics 
could influence their motivational beliefs, including their physics identity. One common societal 
stereotype is that genius and brilliance are important factors to succeed in physics (Leslie et al., 2015). 
However, genius is often associated with boys (Upson & Friedman, 2012), and girls from a young age 
tend to shy away from fields associated with innate brilliance or genius (Bian et al., 2017). Studies have 
found that by the age of six, girls are less likely than boys to believe they are “really really smart” and 
less likely to choose activities that are made for “brilliant people” (Bian et al., 2017). These types of 
stereotypes may continue to negatively impact women from childhood through college physics 
courses. In formal and informal situations, women are often made to feel that they cannot excel in 
physics-related fields. Formal situations include K-12 education, in which teachers and counselors 
often treat men and women differently and give them differential advice about courses to take, and 
informal situations, which include interacting with family, friends, media and others. Additionally, 
negative societal stereotypes and biases may lead to a chilly climate for women in science classes, and 
lack of attention to making science curricula relevant to the interests of many female students 
(Blickenstaff, 2005). These issues emanating from structural societal inequities pertaining to physics 
can lower the physics motivational beliefs of women compared to men. 

Moreover, in prior investigations, researchers have often hinted at the fact that 
underrepresentation of women in those courses is likely related to their lower physics motivational 
beliefs and the gender gap increasing from the beginning to the end of those courses (E. M. Marshman 
et al., 2018). However, it is important to investigate whether a similar gender gap in physics 
motivational beliefs exist in physics courses in which women are not numerically underrepresented, 
and whether these gender gaps get worse from the beginning to the end of the courses. In particular, 
it is important to investigate whether numerical overrepresentation of women (e.g., in physics courses 
for bioscience majors) would eliminate or significantly reduce the gender gap in physics motivational 
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beliefs at the beginning and end of these courses. If this is not the case, it may signify that classroom 
representation alone will not change the pernicious effects of systemic gender inequities in physics 
perpetuated by society and bolstered further by the physics learning environments. It may point to the 
need to view these gender-gaps as more deep-rooted than simply due to women’s underrepresentation 
in a physics course and speaks to the need to address inequities in physics learning environments that 
exacerbate these gender gaps. Since physics motivational beliefs can impact student engagement and 
performance in physics courses and have the potential to impact their career choices, the deterioration 
of a gender gap in these courses would be markers of inequity that must be addressed. 

Thus, this study focuses on the hypothesis that male and female students’ physics motivational 
beliefs, including their identity, may be different even in courses in which women are not 
underrepresented. The physics learning environment in this situation may also exacerbate the situation 
and make the gender gap worse. Figure 1 shows the schematic representation of the identity 
framework for this investigation (identical to the one used for calculus-based introductory physics 
courses in which women are outnumbered by men (Kalender et al., 2019b)). In the framework shown 
in Figure 1, the relation between gender and physics identity is mediated by students’ perceived 
recognition, physics self-efficacy, and interest (Flowers III & Banda, 2016; Godwin et al., 2016; Lock 
et al., 2013; Potvin & Hazari, 2013; Sawtelle et al., 2012). Models which also have a direct path from 
gender to physics identity were tested and they were not statistically significant. Therefore, that direct 
path from gender to physics identity is not shown for clarity. 
 
Figure 1  

Schematic Representation of the Physics Identity Model 

 
Note. Schematic representation of the physics identity model and how perceived recognition, self-
efficacy, and interest mediate the relation between gender and identity. From left to right, all possible 
paths were considered (including the one from gender to identity, although it is not shown here since 
it was not statistically significant). 
 

In accordance with the framework, male and female students’ self-efficacy, interest, and 
perceived recognition, and how these motivational beliefs predict identity in introductory physics 
courses for bioscience majors in which women outnumber men were investigated. Structural equation 
modeling (SEM) was used to investigate how the motivational beliefs that comprise physics identity 
relate to each other in this model. As noted earlier, it is not clear in the context of an introductory 
physics course in which the majority of students are women whether there are gender differences in 
these motivational beliefs and how perceived recognition, self-efficacy, and interest mediate male and 

Gender
Perceived 

Recognition Identity

Self 

Efficacy

Interest
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female students’ physics identity. From a statistical point of view, SEM can establish correlations 
among factors but cannot establish causal effects (Tomarken & Waller, 2005). While past models have 
theorized the directionality between the constructs in Figure 1 in multiple ways (Godwin et al., 2016; 
Hazari et al., 2020; Kalender et al., 2019a),  this model was chosen because it has the ability to empower 
instructors so that they adopt effective practices, understand their role in empowering students, and 
recognize and affirm their work. Additionally, physics interest is not fixed and can increase or decrease 
depending on students’ perceived recognition and self-efficacy, which in turn are dependent on how 
inclusive and equitable the physics learning environment is. The research questions are delineated 
based upon the framework, then the methodology is described, then results and discussion are 
provided, and finally, instructional implications and future directions are discussed. The following 
research questions were answered by analyzing data from a validated survey administered to students 
in large algebra-based physics courses at a research university in the United States in which women 
outnumber men and used mediation analysis via SEM: 

Research Questions 
 

RQ1 Are there gender differences in the physics motivational beliefs (self-efficacy, interest, 
perceived recognition, and identity) and how do they change from the pre-test (at the 
beginning of the course) to the post-test (at the end of the course)? 

RQ2 Can gender differences in students’ physics identity be explained with gender differences 
in physics perceived recognition, self-efficacy, and interest at the end of an introductory 
algebra-based physics sequence? 

Methodology 

 

 Participants 
  
The participants were students at a large, public research university in the United States The 

students were administered a validated written survey at the beginning (pre) and end (post) of the first 
semester of a two-semester sequence in a traditionally taught introductory algebra-based physics 
course in which women outnumbered men. Data were used from 501 students who completed the 
survey on paper in the first week and the last two weeks of recitation class. The students completed 
the posttest in the week preceding the final exam for the course. These courses are typically taken by 
students primarily majoring in bioscience in their junior or senior year of undergraduate studies, with 
approximately 50 to 70% of the students expressing a desire to pursue future careers in health 
professions. The university provided demographic information such as age, gender, and ethnic/racial 
information using an honest broker process by which the research team received the information 
without knowledge of the identities of the participants. The gender data provided by the university 
included only binary options for male and female, although gender is a socio-cultural and a nonbinary 
construct (less than 1% of the students did not provide this information and thus were not included 
in this study). Based on the university data from the participants, 35% identified as male and 65% 
identified as female students. Thus, female students outnumber male students significantly in this 
physics class. 
 

Instrument Validity 
 
The survey items were constructed from items validated by others (Adams et al., 2006; Glynn 

et al., 2011; PERTS Academic Mindsets Assessment, 2020) and re-validated in our own context using one-
on-one student interviews (E. M. Marshman et al., 2018), exploratory factor analysis (EFA), 
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confirmatory factor analysis (CFA) (Cohen, 2013), analyzing the Pearson correlation between different 
constructs (Cohen, 2013), and using Cronbach alpha (Cronbach, 1951) At the beginning of the survey, 
students were instructed to answer the questions on the survey with regard to the physics course they 
were in. The survey items asked about different motivational beliefs at the beginning and end of the 
course. These motivational constructs included students’ physics identity (1 item), self-efficacy (4 
items), interest (4 items), and perceived recognition (3 items). The physics identity question focuses on 
whether students see themselves as a physics person (Hazari et al., 2013; Hazari et al., 2010; Shanahan 
& Nieswandt, 2009). The physics self-efficacy questions measure students’ confidence in their ability to 
understand and answer physics problems (Adams et al., 2006; Glynn et al., 2011; Godwin et al., 2016; 
Hazari et al., 2013; Learning Activation Lab, 2017; Schell & Lukoff, 2010). The interest in physics 
questions measure students’ enthusiasm and curiosity to learn physics and ideas related to physics 
(Learning Activation Lab, 2017). The perceived recognition questions measure the extent to which a 
student believes that other people see them as a physics person (Hazari et al., 2013). The interest 
questions were adapted from the Activation Lab Survey on science fascination/interest (Learning 
Activation Lab, 2017). The first self-efficacy question was taken from the Peer Instruction Self-efficacy 
instrument (Schell & Lukoff, 2010). Three other self-efficacy questions were adapted from Godwin 
et al.’s (2016) performance/competence questions with minor changes based upon individual 
interviews during the validation of the survey instrument at our institution. The physics identity and 
perceived recognition questions were adapted from Godwin et al. with no fine-tuning required based 
upon interviews as students interpreted the questions as intended (Godwin et al., 2016). 

After performing EFA to ensure that the items factored according to different constructs as 
envisioned, a CFA was conducted to establish a measurement model for the constructs and used in 
SEM. The square of CFA factor loadings (lambda) indicates the fraction of variance explained by the 
factor. The model fit indices were good and all of the factor loadings (lambda) were above 0.50, which 
indicate good loadings (Cohen, 2013). The results of the CFA model are shown in Table 1. The 
Cronbach alpha was used to measure the internal consistency of the items. The Cronbach alpha is 
0.79 for the self-efficacy questions, 0.76 for interest questions, and 0.89 for perceived recognition 
questions which are considered reasonable (Cronbach, 1951). 
 
Table 1 

 
Survey Questions and Factor Loadings (Lambda) from the Confirmatory Factor Analysis (CFA) 
 
Construct and Item Lambda 

Physics Identity  

I see myself as a physics person 1.000 
Physics Self-efficacy  
I am able to help my classmates with physics in the laboratory or recitation.  0.587 
I understand concepts I have studied in physics. 0.750 
If I study, I will do well on a physics test. 0.759 
If I encounter a setback in a physics exam, I can overcome it. 0.723 

Physics Interest  

I wonder about how physics works. 0.567 

In general, I find physics. † 0.751 

I want to know everything I can about physics. 0.741 
I am curious about recent discoveries in physics. 0.637 

Physics Perceived Recognition  

My family sees me as a physics person. 0.889 
My friends see me as a physics person. 0.921 
My physics instructor and/or TA sees me as a physics person. 0.702 
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Note. Survey questions corresponding to each of the motivational constructs, along with factor loadings from the 
Confirmatory Factor Analysis (CFA) for all students (N = 501). The questions in the study were designed on a Likert scale 
of 1 (low endorsement) to 4 (high endorsement) (Likert, 1932). The rating scale for some of the self-efficacy and interest 
questions was NO!, no, yes, YES! while the rating scale for the physics identity and perceived recognition questions was 
strongly disagree, disagree, agree, strongly agree. All p-values (of the significance test of each item loading) are p < 0.001. 
† the rating scale for this question was very boring, boring, interesting, very interesting. 

 
Zero-order pair-wise Pearson correlations r are shown in Table 2. These Pearson r values 

signify the strength of the relationship between constructs. The inter-correlations vary in the strength 
of their correlation, but none of the correlations are so high that the constructs cannot be considered 
separate, consistent with prior studies (Kalender et al., 2019b).  

 
Table 2  

 
Pearson Inter-Correlations Between Factors 
 

Pearson Correlation Coefficient  

Observed Variable  1 2 3 4 

1. Perceived Recognition  -- -- -- -- 

2. Self-Efficacy  0.61 -- -- -- 

3. Interest  0.60 0.60 -- -- 

4. Physics Identity  0.78 0.59 0.62 -- 

Note. Pearson inter-correlations are given between all the predictors and outcomes for the post-test in 
Physics 1. All p-values < 0.001. 
 

The highest inter-correlation was between physics identity and perceived recognition (0.78), 
which is consistent with prior studies in calculus-based courses. Perceived recognition questions ask 
about external identity (perception of whether other people recognize an individual as a physics 
person), whereas the physics identity question asks about internal identity (whether an individual sees 
oneself as a physics person) so there tends to be a high correlation between these constructs. However, 
the correlation is low enough that they can be considered separate constructs.  

In addition, preformed item response theory (IRT) was completed in order to check the 
response option distances for the survey constructs (Embretson & Reise, 2000). The parametric grades 
response model using STATA was used to test the measurement precision of the response scale. The 
two response scales were NO!, no, yes, YES! and strongly disagree, disagree, agree, strongly agree. The 
parametric grades item response model calculates the location parameter for each response and 
calculates the difference between the locations. For the first group (NO!, no, yes, YES!), the response 
scale discrimination values were 1.54 and 2.08. For the second set of answers (strongly disagree, 
disagree, agree, strongly agree), the response scale discrimination values were 1.51 and 1.26. The 
numerical values for the location differences need to be similar, as they are for both of these scales, 
so the means for these values can be used. In addition, IRT-based domain scores were estimated 
(Embretson & Reise, 2000). The correlation coefficient between the Likert mean scale values for each 
observed variable and the IRT-based domain scores were calculated to be 0.99 between interest 
questions, 0.98 between self-efficacy questions and 0.99 between perceived recognition and identity 
questions (Embretson & Reise, 2000; Samejima, 1969). Since the factor scores derived from the IRT 
are so highly correlated with the mean score, using mean values for the scores is acceptable when 
analyzing the data (De Winter & Dodou, 2010; Embretson & Reise, 2000; Norman, 2010). In 
particular, because the psychological distance between adjacent response items and across items was 
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approximately similar and complex factor scores derived from IRT or CFA are so highly correlated 
with the mean scores, it is reasonable to use mean scores (Embretson & Reise, 2000; Samejima, 1969). 
Moreover, the frequencies of student responses for each question are included in Appendix A. 
 

Analysis 
 

Initially, data was analyzed using descriptive statistics and compared female and male students’ 
mean scores on various constructs for statistical significance using t-tests and computed the effect 
sizes using Cohen’s d (Cohen, 2013). In general, d  = 0.20 indicated a small effect size, d  = 0.50 
indicates a medium effect size, and d = 0.80 indicates a large effect size (Cohen, 2013). For predictive 
relationships between different motivational constructs, Structural Equation Modeling (SEM) was 
used as a statistical tool in R (lavaan package) with a maximum likelihood estimation method (Team, 
2013). The SEM is an extension of multiple regression. It conducts several multiple regressions 
simultaneously between different latent variables (or factors or constructs) in one estimation model 
and can have multiple outcome variables. This is an improvement over multiple regression since it can 
calculate overall goodness of fit and it allows for all estimates to be standardized simultaneously. This 
enables a direct comparison among different structural components, along with calculations of factor 
loadings for all factors (or constructs or latent variables). The SEM also has an option to handle 
missing data using the full estimation maximum likelihood, or ML estimation feature which improves 
both power and generalizability since it imputes missing data so that students only missing some data 
are not dropped. The model fit for SEM was reported by using the Comparative Fit Index (CFI), 
Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation (RMSEA), and Standardized 
Root Mean Square Residuals (SRMS). Commonly used thresholds for goodness of fit are as follows: 
CFI and TLI > 0.90, and SRMR and RMSEA < 0.08 (MacCallum et al., 1996). 

The model estimates were performed using gender moderation analysis to check whether any 
of the relations between variables show differences across gender by using lavaan to conduct multi-
group SEM. Initially, different levels of measurement invariance in the multi-group SEM model were 
tested with gender moderation. In each step, different elements of the model were fixed to equality 
across gender and compared the results to the previous step using the Likelihood Ratio Test. Since 
there was not statistically significant moderation by gender, the theoretical model in a gender 
mediation analysis was tested, using gender as a variable directly predicting all latent variables to 
examine the resulting structural paths between constructs. 

Results and Discussion 

 
Pertaining to RQ1, Table 3 and Table 4 show that women had statistically significantly lower 

mean values than men for all motivational beliefs in the model. For example, both women's and men's 
scores were low in physics identity with women scoring below the negative value (2). Additionally, 
when the scores in the pre-test and post-test as shown in Table 5 are compared, the scores significantly 
change for women’s self-efficacy, interest, and physics identity as well as for men’s self-efficacy from 
when they enter the class until the end of the course. These differences increase throughout the 
semester and the gender gap widens by the end as evident from the larger Cohen’s d values for women 
in Table 5. This occurs despite the fact that women outnumber men in this course. In addition, in 
Appendix A, the percentage of men and women who selected each response to the questions are 
provided. This provides a sense of how students shifted their answers from the pre-test to the post-
test. From Tables 6 and 7 in Appendix A, it is found that in general both men and women shift from 
higher values to lower values for each motivational factor. For example, in the perceived recognition 
and identity questions, most students selected response 2 in the pretest while most students selected 
response 2 in the posttest. Additionally from Table 6 and Table 7, for the self-efficacy and interest 
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questions, the overall trend is that the percentage of students who answered 3 or 4 decreased from 
the pretest to the posttest and the percentage of students who answered 1 or 2 increased from the 
pretest to the posttest. 
 
Table 3 

Mean Pre Predictor and Outcome Values by Gender and Effect Sizes (Cohen's d) 

Predictors and Outcomes  
Mean 

Cohen's d 
Men Women 

Perceived Recognition 2.19 2.00 0.32  

Self-Efficacy 3.07 2.83 0.58  

Interest 2.74 2.45 0.58  

Physics Identity 2.16 1.87 0.46  

Note. All p-values < 0.001. 

Table 4  

Mean Post Predictor and Outcome Values by Gender and Effect Sizes (Cohen's D).  

Predictors and Outcomes  
Mean 

Cohen's d 
Men Women 

Perceived Recognition 2.21 1.92 0.43  

Self-Efficacy 2.90 2.55 0.66  

Interest 2.66 2.27 0.69  

Physics Identity 2.03 1.64 0.59  

Note. All p-values < 0.001. 

Table 5  

 
Cohen’s d (d) for Men and Women’s Outcomes from the Pre-Test to the Post-Test  

 

Predictors and Outcomes  
Men Women 

d p-value  d p-value 

Perceived Recognition 0.05 0.686 0.13 0.128 

Self-Efficacy 0.33 0.005 0.54 < 0.001 

Interest 0.15 0.203 0.34 < 0.001 

Physics Identity 0.18 0.137 0.34 < 0.001 

Note. Statistical significance refers to p-values. 
 

Pertaining to RQ2, SEM was used to investigate the relationships between the constructs and 
to unpack each construct’s contribution to explaining the physics identity of women and men. Initially, 
gender moderation was tested between different constructs using multi-group SEM (between male 
and female students) and investigated whether the relationships between the different motivational 
constructs were different across gender. There were no group differences at the level of weak and 
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strong measurement invariance, including no difference at the level of regression coefficients. 
Therefore, gender mediation analysis was used to understand how gender mediates physics identity at 
the end of the semester in the introductory physics course. 

The results of the SEM are presented visually in Figure 2. The model fit indices indicate a 
good fit to the data (acceptable fit thresholds in parentheses): CFI = 0.981 (> 0.90), TLI = 0.974 (> 
0.90), RMSEA = 0.043 (<0.08), and SRMR = 0.030 (< 0.08).  
 
Figure 2 
 
Result of the Path Analysis Part of the SEM 
 

 
 
Note. Result of the path analysis part of the SEM showing mediation between gender and physics 
identity through perceived recognition, self-efficacy, and interest. The line thickness qualitatively 

denotes the relative magnitude of the standardized regression coefficients  shown. All p-values for  
are indicated by no superscript for p < 0.001 and “a” for p = 0.013. Gender does not directly predict 
physics identity. 
 
All three of the mediating constructs (perceived recognition, self-efficacy, and interest) predict physics 
identity at the end of the physics course similar to past results (Hazari et al., 2010; Kalender et al., 

2019b) in other contexts. Perceived recognition had the largest direct effect ( = 0.59) with smaller 

effects from self-efficacy ( = 0.12) and interest ( = 0.19). 
Additionally, gender predicts perceived recognition, self-efficacy, and interest. However, the 

relation between gender and physics identity is mediated only by the mediating constructs, and after 
accounting for these indirect paths, there is no direct path from gender to identity. In other words, 
women appear to have a lower physics identity because they have lower perceived recognition, self-
efficacy, and interest. These results are very similar to those for calculus-based introductory physics 
courses (Kalender et al., 2019b) in which women are severely underrepresented and the majority of 
students are engineering majors. In addition, in Appendix B, data are presented for how the factors 
that predict students’ physics identity also predict students’ science identity. Although it is not one of 
the main research questions, Figure 3 in Appendix B shows that physics self-efficacy also predicted 
students’ science idenity.  
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Summary, Implications, and Future Directions 
 

In this research involving both descriptive and inferential quantitative analyses, gaps in physics 
motivational beliefs are found that disadvantage women in mandatory introductory physics courses 
for bioscience majors in which women are not outnumbered by men. This result is similar to what has 
been found earlier in introductory calculus-based courses in which women are severely 
underrepresented (Hazari et al., 2010; Kalender et al., 2019b). In particular, prior research in calculus-
based courses in which women are underrepresented shows that, compared to men, women have a 
greater decrease in their motivational beliefs (e.g., about whether instructors and TAs see them as 
people who can excel in physics) (Kalender et al., 2019b). These findings are true even in algebra-
based physics courses in which women are not underrepresented (e.g., both men and women have a 
mean recognition below the positive lower threshold, i.e., score of 3, and women score significantly 
lower than men). Tables 3 and 4 show that women had a greater decrease in physics perceived 
recognition, self-efficacy, interest, and identity compared to men. The inferential analysis using SEM 
in Figure 2 shows how perceived recognition, self-efficacy and interest mediate students’ physics 
identity. The gender differences in students’ perceived recognition, self-efficacy, and interest predict 
their identity as a person who can excel in physics and the correlations between these motivational 
beliefs predicting students’ physics identity are similar to those in calculus-based introductory courses 
in which women are underrepresented (Hazari et al., 2010; Kalender et al., 2019b). Moreover, there is 
no direct path from gender to physics identity, similar to the calculus-based courses (Kalender et al., 
2019b). 

The model provides support for the physics identity framework in a new context and helps us 
understand the role of different motivational factors in predicting physics identity of women and men 
in algebra-based physics courses where women are not underrepresented. This is important since 
identity in a particular discipline is context-dependent and factors that influence physics identity can 
relate to each other differently in different contexts. Additionally, the model shows that TAs and 
instructors could play a critical role to increase students’ self-efficacy, interest, and identity in physics. 
The findings suggest that women feel less recognized by their instructors and TAs than men which 
influence women’s self-efficacy, interest, and identity in physics. 

The existence of a gender gap at the beginning of the physics course may be due to a variety 
of reasons including societal stereotypes, experiences in previous science courses, and lack of female 
physics role models in media. The exacerbation of the gender gaps in motivational beliefs such as 
physics perceived recognition, self-efficacy, interest, and identity from the beginning to the end of the 
physics course for bioscience majors may be a sign of inequity and can disadvantage women in terms 
of their participation, engagement, and outcomes in the physics courses. These persistent gaps can 
also impact their choice of majors and future careers in STEM. The increased gender gap in these 
beliefs at the end of the physics courses may signify inequity and the non-inclusive nature of the 
learning environment. The trends in the gender gap in physics motivational beliefs are highly troubling. 
Further investigation of their cause is required because this may signify that classroom representation 
alone will not change the pernicious effects of systemic gender inequities in physics perpetuated by 
society and bolstered further by the physics learning environments. For example, the increased 
motivational belief gaps may at least partly be due to physics instructors and TAs unwittingly 
reinforcing gender stereotypes about physics and communicating lower expectations for women. If 
female students are not given the same type of positive feedback as male students, this could have a 
negative effect on perceived recognition and self-efficacy of women. Changing the narrative, 
increasing students’ sense of belonging (Binning et al., 2020), and making the physics learning 
environment equitable and inclusive (e.g., by not letting men dominate the conversations in class and 
affirming students more when they make progress in the course) has the potential to decrease the 
gender gap in student's perceived recognition and other motivation beliefs. 
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A limitation of this quantitative study focusing on descriptive and inferential quantitative 
analysis is that insight can only be found in the relative values of the motivational beliefs of men and 
women at the beginning and end of the course, and how the relation between gender and physics 
identity is mediated by physics perceived recognition, self-efficacy, and interest. However, causal 
effects cannot be established. Therefore, future studies should investigate factors in the physics 
learning environment that exacerbate gender gaps in motivational beliefs even in these courses in 
which women outnumber men. In addition, future work can investigate approaches to improving 
student motivational beliefs in these types of physics courses in which women are not 
underrepresented and investigate whether approaches that are effective in these courses would also 
be successful in courses in which women are underrepresented. One potential approach for improving 
students’ motivational beliefs is through brief social-psychological classroom interventions (e.g., 
mindset/sense of belonging), that have been shown to be effective in boosting women’s grades in 
some science courses (Binning et al., 2020; Harackiewicz et al., 2016; Walton et al., 2015; Yeager & 
Walton, 2011). 
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Appendix A 
 

Percentages of men and women who selected each answer choice for each question are shown. 
This provides a sense of how students shifted their answers from the pre-test to the post-test.  
 

Table 6  

Percentages of Women Who Answered Each Question  

Women 

  Pre-Test Post-Test 

Question 1 2 3 4 1 2 3 4 

Physics Identity 

1 27% 59% 13% 1% 45% 45% 9% 1% 

Physics Perceived Recognition 

2 31% 53% 15% 1% 40% 46% 13% 1% 

3 30% 55% 13% 2% 38% 46% 13% 3% 

4 16% 52% 29% 3% 26% 38% 32% 4% 

Physics Self-efficacy 

5 14% 45% 39% 2% 11% 29% 54% 6% 

6 4% 19% 68% 9% 6% 29% 59% 6% 

7 1% 6% 66% 27% 11% 39% 41% 9% 

8 1% 14% 66% 19% 7% 39% 48% 6% 

Physics Interest 

9 24% 53% 20% 3% 23% 35% 33% 9% 

10 5% 32% 58% 5% 13% 38% 46% 3% 

11 5% 44% 45% 6% 18% 54% 26% 2% 

12 5% 33% 54% 8% 15% 40% 41% 4% 

Note. Percentages of women who answered each question by the options they selected, with 1 being 
the low value (NO! and strongly disagree) and 4 being the high value (YES! and strongly agree). The 
rating scale for the self-efficacy and interest questions was NO!, no, yes, YES!, while the rating scale 
for the physics identity and perceived recognition questions was strongly disagree, disagree, agree, strongly 
agree. 
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Table 7 

Percentages of Men Who Answered Each Question  

Men 

 Pre-Test Post-Test 

Question 1 2 3 4 1 2 3 4 

Physics Identity 

1 12% 62% 24% 2% 21% 56% 21% 2% 

Physics Perceived Recognition 

2 17% 64% 18% 1% 25% 49% 23% 3% 

3 15% 63% 21% 1% 21% 48% 28% 3% 

4 8% 52% 35% 5% 12% 41% 39% 8% 

Physics Self-efficacy 

5 3% 38% 53% 6% 5% 21% 63% 11% 

6 1% 9% 80% 10% 2% 19% 65% 14% 

7 0% 2% 54% 44% 5% 14% 57% 24% 

8 0% 5% 65% 31% 3% 22% 60% 15% 

Physics Interest 

9 13% 42% 37% 8% 10% 26% 51% 13% 

10 2% 17% 72% 10% 3% 28% 59% 10% 

11 1% 30% 58% 11% 3% 49% 41% 7% 

12 3% 17% 68% 12% 5% 31% 56% 8% 

Note. Percentages of men who answered each question by the options they selected, with 1 being the 
low value (NO! and strongly disagree) and 4 being the high value (YES! and strongly agree). The 
rating scale for the self-efficacy and interest questions was NO!, no, yes, YES!, while the rating scale 
for the physics identity and perceived recognition questions was strongly disagree, disagree, agree, strongly 
agree. 
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Appendix B 

Below, the path analysis part of the SEM for how the factors that predict physics identity also 
predict students’ science identity is provided. The science identity question on the survey asked 
students whether they “strongly disagree, disagree, agree, strongly agree” with “I see myself as a 
scientist”. The survey item was adapted from the survey by Godwin et al. (2016) and was re-validated 
in our own context. The results of the SEM are presented visually in Figure 3. The model fit indices 
indicate a good fit to the data (acceptable fit thresholds in parentheses): CFI = 0.978 (> 0.90), TLI = 
0.971 (> 0.90), RMSEA = 0.043 (<0.08), and SRMR = 0.033 (< 0.08). All three of the mediating 
constructs (physics perceived recognition, self-efficacy, and interest) predict physics identity at the end 
of the physics course similar to Figure 2. The mediating constructs of physics self-efficacy also predict 
science identity at the end of the physics course. 
 
Figure 3 
 
Result of the Path Analysis Part of the SEM with Science Identity 
 

 
Note. Result of the path analysis part of the SEM with mediation between gender and science/physics 
identity through physics perceived recognition, self-efficacy, and interest. Each line thickness 

qualitatively denotes the relative magnitude of the standardized regression coefficients  shown. The 

dashed lines indicate covariance. All p-values for  are indicated by no superscript for p < 0.001, “a” 
for p = 0.015, “b”. 
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ABSTRACT 
 
The aim of this study is to examine whether the structural model that Sahin and Ates (2020) put 
forward about the relationship among students’ scientific literacy levels, logical thinking ability, 
cognitive styles, mental capacity, and mental rotation ability differ in terms of gender. A causal-
comparative model approach was used in this study. The sample of the research was 823 seventh-
grade students in the central districts of Ankara. This sample was created using the random stratified 
sampling method. In the study, it is seen that 64% of the variance in the scientific literacy scores of 
the females and 48% of the variance in the scientific literacy scores of the males are explained by 
the cognitively based variables. Comparing male and female students in the data analyses, the 
predictive effect of the mental rotation ability of female students on the logical thinking ability was 
not significant. In male students, when only the direct effects were examined, the effect of cognitive 
styles on scientific literacy was not significant. Based on the results of the study, it is thought that 
examining the interactions among the activities related to learning, teaching, and assessment process 
used in science classes, and cognitive styles will play an important role in the process of removing 
inequalities of opportunity arising from possible gender-cognitive style interaction in the process of 
raising scientifically literate individuals. 
 

 
Keywords: cognitive styles, gender, logical thinking ability, mental capacity, mental rotation ability, 
scientific literacy 
 

Introduction 
 

The vision of the Science Curriculum in Turkey is defined as educating all students as 
scientifically literate regardless of their individual differences (Turkish Ministry of Education [TME], 
2017). Raising scientifically literate individuals is not only Turkey’s aim but also many countries’ (Pruitt, 
2014). By determining the effect of various individual differences in the process of raising scientifically 
literate people, the activities to be carried out to reach the scientific literacy vision could be built on a 
more solid basis. 

Many studies have been conducted on individual differences that are thought to affect science 
achievement from past to present (Schmeck & Grove, 1979; Schlatter et al., 2021). When these studies 
are examined, it is seen that the individual differences discussed may be in cognitive, affective, and 
psychomotor dimensions (Jonassen & Grabowski, 1993). Regarding the individual differences in 
cognitive characteristics, it is suggested that the variables of logical thinking ability, cognitive styles, 
spatial ability, mental capacity, locus of control, creativity, and fluent/crystallized intelligence are 
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frequently mentioned in the literature. When the studies conducted between 1975 and 2017 in Web 
of Science and ERIC databases were examined using the keywords "individual difference" and 
"science achievement" in the field of science education, it was observed that cognitive-based individual 
differences, which are discussed in over 5% of the articles reviewed, include logical thinking ability, 
spatial thinking skills, cognitive styles and mental capacity (Sahin, 2018). 

When the studies investigating the relationship between the above-mentioned cognitive-based 
individual differences and students’ science achievement are addressed, it is seen that science 
achievement is mostly defined as the ability to solve end-of-units or chapter problems in science 
textbooks (Ates & Cataloglu, 2007). Although the main purpose of science education today is to raise 
scientifically literate individuals, the number of studies that define science achievement in the 
dimension of scientific literacy and reveal the interaction between these variables from a holistic 
perspective is quite limited. In their study in which they defined science achievement in the dimension 
of scientific literacy, Sahin and Ates (2020) revealed the relationship among those cognitively based 
individual differences and the scientific literacy level of students with a holistic model and tested the 
model seen in Figure 1. 

 
Figure 1 

 
The Theoretical Model of the Relationships Between Scientific Literacy Levels (SL), Logical Thinking Ability (LT), 
Cognitive Styles (CS), Mental Capacity (MC), and Mental Rotation Ability (MRA).  

 

 
 

According to the model, the variable that directly predicts the scientific literacy levels of 
seventh-grade students is their logical thinking abilities. All other variables predict scientific literacy 
both directly and indirectly. When it comes to total effects in the study, it was found that field-
dependent/field-independent cognitive styles had the highest predictive effect on scientific literacy, 
logical thinking abilities, mental capacities, and mental rotation abilities of seventh-grade students. 

It is regarded that the proposed structural model is vital in terms of examining the interaction 
between various cognitive-based individual differences that may affect students’ scientific literacy 
levels in a multifaceted manner. Besides, it is thought that it is also crucial to examine whether this 
model and findings differ in terms of gender, which is one of the other notable individual differences 
widely researched (Dimitrov, 1999; Scantlebury, 2011). 
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Conceptual Framework 

 
In studies examining the relationship between science achievement and individual differences, 

it is seen that science achievement is mostly defined as the measurement of end of unit or chapter 
problem-solving ability related to subjects. Considering the 21st-century skills, the one-way approach 
to science achievement is quite limited and has some basic problems (Ates & Cataloglu, 2007; Pruitt, 
2014). Evaluating students’ science achievement in the context of scientific literacy, which emphasizes 
science education reforms in many countries, is necessary for realizing the visions of the curriculum.  

In this study, science achievement was discussed in the dimension of scientific literacy. The 
historical development of the concept of scientific literacy suggests that there are many different 
definitions. According to the Project 2061 and Science for All Americans report, a scientifically literate 
individual is aware of the strengths and weaknesses of science, mathematics, and technology as well 
as interconnected human initiatives, comprehends basic science concepts and principles, knows the 
natural world, and recognizes both its diversity and unity. It is also a person who uses scientific 
knowledge in ways of scientific thinking for individual and social purposes. One of the most up-to-
date definitions of scientific literacy that fits this definition is the one made by Fives et al. (2014). They 
define scientific literacy as the ability of individuals to have knowledge about the nature and processes 
of any field of science and thus to use science in daily life in a pragmatic and meaningful way.  

There are other tools in the literature for the measurement of students' scientific literacy levels. 
One of these measurement tools is the Test of Basic Scientific Literacy developed by Laugksch and 
Spargo (1996). This scale includes questions about content knowledge, the nature of science, science-
technology-society, and environment sub-dimensions. In addition to this scale, the Test of Scientific 
Literacy Skills developed by Gormally et al. (2012) is another scale used to measure the level of 
scientific literacy. This scale measures the skills of understanding research methods that provide access 
to scientific information, and the ability to organize, analyze, and interpret quantitative data, and 
scientific information. Another scale frequently used in the literature is Fives et al.’s (2014) Scientific 
Literacy scale. Fives et al. (2014) evaluated scientific literacy in terms of the role of science, scientific 
thinking, and acting, science and society, science media literacy, mathematics in science, motivation, 
and beliefs towards science.  

In addition to these tools used in the measurement of scientific literacy are the Trends in 
International Mathematics and Science Study (TIMSS) and Program for International Student 
Assessment (PISA) exams conducted by the International Association for the Evaluation of 
Educational Achievement (IEA) and Organisation for Economic Co-operation and Development 
(OECD). PISA is international research conducted by the OECD in three-year cycles that evaluates 
the knowledge, and skills of 15-year-old students in certain fields. PISA research is carried out to 
measure the mathematical literacy, science literacy, and reading skills of students in the 15-age group 
who continue their formal education. In each cycle of the research, an area is selected as a weighted 
area, and in-depth analyzes are carried out in that area (TME, 2016). In the PISA 2015 research, the 
field of scientific literacy was chosen as the predominant field. The difference between gender groups 
among students' scientific literacy levels determined in PISA exams varies from country to country. 
When the scientific literacy performance of the PISA 2015 application is analyzed according to the 
gender variable, the average score of female students in all participating countries is higher than that 
of male students. But this difference is not statistically significant.  

The same results are valid for the sample in Turkey; the difference between the mean scores 
of male, and female students in favor of females is not statistically significant (Tas et al., 2016). Similar 
results for Turkey were also seen in PISA scientific literacy measurements made in 2009 and 2012. In 
the PISA scientific literacy measurements conducted in 2015, the average of female students is higher 
than that of male students, but when the effect of other variables (economic, social, and cultural status, 
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grade level, grade repetition) is controlled, it is seen that the average of boys is higher than that of 
females (Üstün et al., 2020). 

Although individuals need to be scientifically literate both individually and socially, this is a 
challenging process. This situation may be caused by the functional definition of scientific literacy, 
teachers, teaching materials used, assessment and evaluation approaches, characteristics of the 
teaching environment, and the effects of individual differences, as well as the interaction of these 
variables with each other (Lipuma, 2008). Therefore, it is of paramount importance to investigate the 
effect of various variables such as individual differences on the development of scientific literacy.  

Logical thinking ability is one of the variables frequently examined among individual 
differences in cognitive characteristics. (Ersanlı et al., 2018). According to Lawson (2004), logical 
thinking ability is the mental plans, strategies, or rules used to process information, and draw 
conclusions beyond directly observable experiences. Kuhn and Dean (2004) define logical thinking 
ability as the strategies, and rules that individuals use to ensure coordination between evidence, and 
theoretical hypotheses, and to create causal inferences. In both definitions, control of variables, 
proportional reasoning, correlation reasoning, and probabilistic reasoning, and hypothetical deductive 
reasoning are used as logical mathematical skills that assist scientific reasoning (Lawson, 2004; 
Zimmerman, 2000). Past studies in this field indicate that this ability begins to develop during 
adolescence and is a crucial factor affecting learning scientific concepts (Acar et al., 2015, Cheng et al., 
2018, Lawson, 1995; Shayer & Adey 1992, Stender et al., 2018). When the change in the logical 
thinking ability of students in terms of gender groups was examined, it was found that in some studies 
there was a difference in favor of females (Demirtaş, 2011), in some studies in favor of boys 
(Valanides, 1996; Yenilmez et al., 2005), and in some studies, no difference was observed between the 
groups (Al-Zoubi et al., 2009; Piraksa et al., 2014; Talib et al., 2018; Yüzak, 2012).  

Logical thinking ability is a concept related to the cognitive development of individuals, and 
one of the most accepted theories of cognitive development is Piaget’s Theory of Cognitive 
Development (Lawson, 1995). The propositions of this theory have been prevalently used in many 
fields (Flavell, 1996). However, as a result of some studies to test Piaget’s ideas, criticisms of the theory 
were put forward. One of the biggest criticisms of the theory is that it ignores the effect of individual 
differences on cognitive development. The theory cannot explain why some individuals progress faster 
during the cognitive development periods than others (Greenberg, 1995). Due to these findings, some 
studies preferred to examine and reinterpret Piaget’s theory with new experimental findings. These 
researchers are called Neo-Piagetians (Knight & Sutton, 2004). Pascual-Leone’s Constructivist Theory 
of Operators, the first Neo-Piagetian theorist, attributes the inability to perform activities with similar 
logical structures by students at the same developmental stage to the differences in students’ mental 
capacities. Mental capacity refers to a limited resource that increases with age from childhood and can 
show variability within the age, enabling the activation of the schemas in mind related to the activity 
(Pascual-Leone & Johnson, 2005; 2011). 

The science education literature review suggests that mental capacity is a cognitive variable 
that affects students’ science achievement (Tsaparlis, 2005; Stamovlasis, 2010). In studies examining 
the difference between the mental capacities of different gender groups, it is seen that there is no 
statistically significant difference between the mental capacity scores of the gender groups (Hindal, 
2007; Hindal et al., 2013). Pascual-Leone expresses that individuals’ structural mental capacity cannot 
be used entirely during cognitive tasks, and various factors can affect their use of it. One of these 
factors is the cognitive styles of individuals (Pascual-Leone, 1970). According to Morgan (1997), 
cognitive styles are specific features that an individual uses in acquiring or learning information and 
can affect all individual activities. Although there are different classifications for cognitive styles in the 
literature, the most researched cognitive style in educational research is field-dependent/field-
independent cognitive style classification (McKeachie & Svinicki, 2013). Field-independent learners 
are less affected by external stimuli in analyzing the complex structure of the field they are in and in 
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the process of finding and extracting a particular element from a complex whole, compared to 
dependent learners who receive it from external stimuli. While field-dependent individuals give 
importance to external stimuli that affect their perceptions, field-independent individuals are more 
affected by internal stimuli rather than external stimuli (Jonassen & Grabowski, 1993). 

When the literature on field-dependent/field-independent cognitive styles is examined, it is 
concluded that this variable is one of the strongest predictors of academic achievement (Terrell, 2002). 
Additionally, it is observed that field-independent students studying in some disciplines are more 
successful (Cataloğlu & Ates, 2014, Morris et al., 2019; Özarslan & Bilgin, 2016). In some studies, the 
tendency to have field-dependent/field-independent cognitive styles in terms of gender were 
examined, and no statistically significant difference was observed based on the scores obtained 
(Horzum & Alper, 2006; Maghsudi, 2007; Witkin et al., 1977). While in a few studies, it was found 
that male learners tended to be field-independent (Kirk, 2000; Onyekuru, 2015). 

Mental rotation ability, another individual difference discussed in this research, is one of the 
vital components of spatial ability and is used extensively both in daily life and in courses such as 
biology, physics, chemistry, and geometry (Ganley et al., 2014). Meta-analysis and review papers also 
infer that mental rotation is an important factor for student success not only in science, but also in 
technology, engineering and mathematics (Castro-Alonso & Uttal, 2019; Maeda & Yoon, 2013; 
Langlois et al., 2019).In terms of the gender variable, it is stated that the difference between the scores 
obtained by gender groups is higher in favor of male learners (Hirnstein et al., 2009; Maeda & Yoon, 
2013; Pietsch & Jansen, 2012; Titze et al., 2010). However, in all the studies examining the effect of 
individual differences mentioned above, it is seen that science achievement mainly focuses on specific 
dimensions of scientific literacy, such as knowledge or skill. In this paper, science achievement was 
defined in the dimension of scientific literacy, and its relationship with the specified variables was 
reexamined in terms of gender. 
 
The Present Study 

 
Gender has been one of the most widely researched variables for many years, considering that 

it affects achievement in science education research (Kahle & Meece, 1994; Scantlebury & Baker, 2007; 
Scantlebury, 2011). To this end, in order for countries to progress socially and economically, it is a 
fundamental requirement to prevent inequalities of opportunity in terms of gender in the education 
and training process (National Research Council [NRC], 1996; Next Generation Science Standards 
[NGSS] Lead States, 2013). One of the main purposes of research on gender is expressed as to reveal 
the performance differences/similarities between male and female students, and their reasons, and 
prevent inequalities of opportunity among students by attempting to understand the learning ways of 
students (OECD, 2009). By examining whether the model, as mentioned earlier, differs in terms of 
gender groups, this study aims to serve the main purpose of preventing possible inequalities of 
opportunity that may occur between groups. In this context, the research question and sub-problems 
of this study are stated below: 
 

Are the paths specified in the proposed theoretical model statistically significant in the 
samples formed by students of different genders? 

 
In the context of this research question, the sub-problems related to the model are as follows: 
 

a. Are the paths specified in the proposed theoretical model statistically significant in 
the sample of female students? 

b.  Are the paths specified in the proposed theoretical model statistically significant in 
the sample of male students? 
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Method 
 
Research Model  

 
A causal-comparative design was used in this study. This model is used to describe the causes 

or consequences of pre-existing differences between or among groups of individuals (Fraenkel et al., 
2012).  
 
Sample 

 
The research population includes seventh-grade students studying in central districts of 

Ankara. Using the stratified random sampling method, 823 seventh-grade students studying in Ankara 
constitute the research sample. In this method, the population is divided into sub-units to represent 
itself. Elements are then sampled from each of these subunits. The inclusion of the elements in the 
subunits into the sample is made in proportion to the ratio of the subunits to the total population 
(Fraenkel et al., 2012). In the application of this sampling method, Ankara central districts were 
determined as sub-units. Considering the ratio of the number of students in the central districts of 
Ankara to the total number of students in the population, the number of students in each central 
district was determined. The students participating in the study consisted of 446 (52%) females and 
377 (46%) males. 

 
Data Collection Tools 

 
Demonstrated Scientific Literacy (SL) 

 
In this study, the Demonstrated Scientific Literacy Test, developed by Fives et al. (2014) for 

secondary school students, was used to determine the students’ scientific literacy levels. The test was 
translated and adapted to Turkish by Sahin and Ates (2018). The test is an assessment tool consisting 
of multiple-choice questions, including items about the role of science, scientific thinking and doing, 
science and society, science media literacy, and mathematics in science. In the relevant study, the chi-

square value (𝜒2= 178.41, N=823, df=135, p=0.00) as a result of the CFA analysis performed to test 

the construct validity of the test, was statistically significant. The values of (𝜒2/df) =1.32; RMSEA= 
0.02; CFI= 0.97; TLI= 0.96; WRMR= 0.94 were obtained. These values show that the data fit the 
model well (Kline, 2005). In this study, the KR-20 reliability coefficient of the test was found to be 
0.66. These results show that the measurement is valid and reliable (Alpar, 2013; Kline, 2005). 
 

Test of Logical Thinking (TOLT) 

 
The Test of Logical Thinking developed by Tobin and Capie (1981) was used to measure the 

logical thinking abilities of secondary school students in this study. The test consists of 10 items. The 
test was translated and adapted to Turkish by Geban et al. (1992) and the Cronbach α reliability 
coefficient was found to be 0.77. As a result of the CFA analysis performed to test the construct 

validity of the test in the relevant study, it is seen that the chi-square value (𝜒2=43.55, N=790, df=31, 

p=0.00) was statistically significant. The values of (𝜒2/df) =1.40; RMSEA= 0.02; CFI= 0.99; TLI= 
0.98; WRMR= 0.77 were obtained. These values indicate that the data fit the model well. In this study, 
the KR-20 reliability coefficient of the test was found to be 0.63. These results show that the 
measurement is valid and reliable (Alpar, 2013; Kline, 2005).  
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The Group Embedded Figures Test (GEFT) 

 
In this study, the Group Embedded Figures Test was used to determine students’ field-

dependent/field-independent cognitive styles (Witkin et al., 1971). The test consists of 18 items. The 

test was adapted to Turkish by Çakan (2003). In the relevant study, the chi-square value (𝜒2= 396.83, 
N=804, df=135, p=0.00) was statistically significant in the CFA analysis performed to test the 

construct validity of the test. In addition to that, the values of (𝜒2/df)=2.93; RMSEA= 0.05; CFI= 
0.98; TLI= 0.97; WRMR= 1.28 were obtained. These values suggest that the data fit the model well. 
In this study, the KR-20 reliability coefficient of the test was found to be 0.89. These results show that 
the measurement is valid and reliable (Alpar, 2013; Kline, 2005). 
 
Figural Intersection Test (FIT) 

 
In this study, the Figural Intersection Test was used to determine the functional mental 

capacity of the students (Pascual-Leone & Johnson, 2011). The test consists of 36 items. The test was 
adapted to Turkish by Sahin (2018). As a result of the CFA analysis performed to test the construct 

validity of the test in this study, the chi-square value (𝜒2=1099.38, N=785, df=594, p=0.00) was found 

to be statistically significant. Additionally, the values of (𝜒2/df)=1.85; RMSEA= 0.03; CFI= 0.94; 
TLI= 0.94; WRMR= 1.34 were obtained. These values infer that the data fit the model well. In this 
study, the KR-20 reliability coefficient of the test was found to be 0.89. These results show that the 
measurement is valid and reliable (Alpar, 2013; Kline, 2005). 

 
Mental Rotation Test (MRT) 

 
The basic format of the Mental Rotation Test developed by Peters et al. (1995) was used to 

determine mental rotation abilities, a dimension of students’ spatial abilities. The test consists of 24 
items. The test was translated and adapted to Turkish by Yildiz and Tüzün (2011). In the relevant 

study, the chi-square value (𝜒2= 482.69, N=759, df=252, p=0.00) was statistically significant in the 

CFA analysis performed to test the construct validity of the test. The values of (𝜒2/df)=1.91; 
RMSEA= 0.04; CFI= 0.91; TLI= 0.90; WRMR= 1.15 were obtained. These values show that the data 
fit the model well. In this study, the KR-20 reliability coefficient of the test was found to be 0.77. 
These results show that the measurement is valid and reliable (Alpar 2013; Kline, 2005). 

 
Application 

 
The data collection process for this study was carried out by the researchers in the spring term 

of the 2015-2016 academic year. Before the implementation, official permissions regarding the 
implementation had been obtained from institutions affiliated with the TME and detailed planning 
was made. In the planning, the issues that may reduce student motivation regarding the 
implementation were taken into consideration. For example, no implementation was made during the 
exam weeks of the students or in their favorite sports lessons. For the same purpose, the data 
collection process was planned to last for 2.5 months, and the process was completed before the air 
temperatures increased. In addition, five measuring instruments were not applied one after the other 
to avoid test fatigue. Completion of implementation in a school was spread over two weeks. After the 
planning, the implementation was made in the schools at the specified times. Before the application, 
all participants were informed of the purpose and importance of the study. During the application, 
the participants were not forced, and only voluntary participants were included in the application. The 



 SCIENTIFIC LITERACY AND COGNITIVELY BASED DIFFERENCES     127 

scales of the participants who did not want to continue the application were deemed invalid. The tests 
used in the research were applied in the same order in all schools. The researcher took care to have 
the same attitude in all classes where data was collected. After the data collection process, the scoring 
of the tests was done by the researcher using pre-prepared answer keys. In this way, the threat of 
instrumentation, scoring, and participant attitude has been tried to be prevented. 

 
Data Analysis  

 
In this study, the SPSS 23 package program was used for descriptive analysis, while the Mplus 

7.0 program was used to test the structural model in both gender groups. 
 

Findings 

 
Descriptive Analysis 

 
Table 1 shows the descriptive statistics of the total scores obtained from the tests used in this 

study. When the skewness and kurtosis coefficients in the table are examined, it is seen that these 
coefficients are within the limits of ±1, indicating that the total scores show a normal distribution 
(Mertler & Vannatta, 2005). 
 
Table 1  
 
Descriptive Analysis of Tests 
 

Variable Group n Min Max Mean Std.Dev Skewness Kurtosis 

SL Total 823 1 17 8.23 3.31  0.16 -0.60 
 Female 446 2 17 9.01 3.21  0.13  0.23 
 Male 377 1 17 8.05 3.36  0.27 -0.61 

 
LT Total 823 0 10 5.43 2.23  0.13 -0.59 
 Female 446 1 10 5.50 2.21  0.11 -0.51 
 Male 377 0 10 5.33 2.25  0.16  0.25 

 
CS Total 823 0 18 7.78 4.93  0.22 -0.98 
 Female 446 0 18 8.07 4.91  0.14 -0.97 
 Male 377 0 18 7.41 4.93  0.34  0.25 

 
MC Total 823 0 34 19.77 6.17 -0.34 -0.09 
 Female 446 0 34 19.49 6.43 -0.37  0.01 
 Male 377 1 32 20.06 5.81 -0.29 -0.38 

 
MRA Total 823 14 44 27.21 5.15  0.89  0.85 
 Female 446 14 44 26.85 4.67  0.95  1.45 
 Male 377 15 44 27.67 5.61  0.81  0.25 

 
When Table 1 is examined, while female students have a higher mean score than male students 

in terms of scientific literacy, logical thinking ability, and cognitive styles, it is seen that the mean scores 
of male students are higher than female students in terms of mental capacity and mental rotation 
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ability variables. Some of these differences between mean scores are statically significant, whereas the 
others are statistically insignificant.  
 
Table 2 
 
ANOVA Results of Test Means by Gender  
 

Variable Source Sum of 
Squares            

df Mean 
Square                     

F *p 

 
SL 

Inter-group                     190.69 1 190.69 17.73 .000* 

Intra-group                   8831.18 821 10.76   

Total     9021.87 822     
 
LT 

Inter-group                     6.66 1 6.66 1.34 .248 
Intra-group                   4093.71 821 4.99   
Total     4100.37 822     

 
CS 

Inter-group                     95.78 1 95.78 3.95 .047* 
Intra-group                   19900.30 821 24.24   
Total     19996.08 822    

 
MC 

Inter-group                     60.25 1  60.25 1.58 .209 
Intra-group                   31253.12 821 38.07   
Total     31313.36 822    

 
 
MRA 

Inter-group                     147.57 1  147.57 5.59 .018* 

Intra-group                   21688.34 821 26.42   

Total     21835.91 822    

 
As seen in Table 2, there was no significant difference between the mean scores of male and 

female students in terms of mental capacity scores (F (1, 821) =1.58; p≥0.05); there is a significant 
difference in favor of male students in terms of mental rotation ability (F (1, 821) =5.59; p<0.05). 
While the mean score difference between male and female students is significant in favor of female 
students in terms of scientific literacy (F (1, 821) =17.73; p< 0.05) and field-dependent/field-
independent cognitive styles scores (F (1,821) =3.95; p< 0.05), there is no statistically significant 
difference between the mean scores in terms of logical thinking ability (F (1,821) =1.34; p≥0.05). 

 
Testing the Structural Model on Male and Female Students 

 
The structural model was tested using the Mplus software. In the analysis, it was seen that the 

chi-square value (𝜒2= 212.46, N=377, df=203, p=0.31) was not significant in the sample of male 

students. Additionally, the values of (𝜒2/df) =1.05; RMSEA= 0.01; CFI= 0.99; TLI= 0.99; WRMR= 

0.79 were obtained. These values suggest that the data fit the model well. The chi-square value (𝜒2= 
262.79, N=445, df=203, p=0.00) was found to be significant in the sample consisting of female 

students. The values of (𝜒2/df) =1.29; RMSEA= 0.03; CFI= 0.96; TLI= 0.95; WRMR= 0.91 were 
obtained and conclude that the data fit the model well. The direct, indirect, and total effects obtained 
as a result of the analyzes for both samples, and the percentages of variance explained by other 
variables for dependent and mediator variables in the model, are given in Table 3. 
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Table 3  
 
Direct, Indirect, and Total Effects in the Model and Effect Sizes (Male and Female Students) 
 

Dependent 
Variable 

Independent 
Variable 

Standardized Regression Coefficients 

 Direct Indirect Total 

 
 Male Female Male Female Male/ 

Effect size 
Female/ 

Effect size 

SL 
R2=0.48 
(Male) 
R2=0.64 
(Female) 

LT 
CS 

MRA 
MC 

0.47* 
0.09 
0.16* 
0.13* 

0.52* 
0.27* 
0.15* 
0.06 

- 
0.36* 
0.07* 
0.21* 

- 
0.36* 
0.02 
0.15* 

 

0.47*/Big 
0.45*/Big 

0.23*/Medium 
0.34*/Medium 

0.52*/Big 
0.63*/Big 

0.17*/Medium 
0.21*/Medium 

LT  
R2=0.31 
(Male) 
R2=0.30 
(Female) 

CS 
MC 

MRA 

0.20 
* 

0.32* 
0.15* 

0.39 * 
0.20* 
0.04 

0.25* 
0.04* 

- 

0.13*     
0.01 

- 

0.45*/ Big 
0.36*/Medium 

0.15*/Small 

0.52*/ Big 
0.21*/Medium    

0.04/ Small 

 
MRA 
R2=0.25 
(Male) 
R2=0.21 
(Female) 

 
CS 
MC 

 
0.30* 
0.27* 

 
0.24* 
0.28* 

 
0.15* 

- 

 
0.15* 

- 

 
0.45*/ Big 

0.27*/Medium 

 
0.39*/Medium 
0.28*/Medium 

 
MC 
R2=0.32 
(Male) 
R2=0.32 
(Female) 

 
CS 

 
0.56* 

 
0.57* 

 
- 

 
- 

 
0.56*/ Big 

 
0.57*/ Big 

 
When the variables in Table 3 are considered in terms of the total predictive effect, it can be 

inferred that only the mental rotation skills of female students have no statistically significant effect 
on logical thinking ability (β=0.04, p>0.05). Apart from this, the predictive effects of scientific literacy, 
logical thinking ability, mental rotation ability, and mental capacity variables on total prediction by 
other variables in both samples are statistically significant. When Table 3 is reviewed in terms of its 
direct predictive effect, the effect of cognitive styles on the direct prediction of scientific literacy in 
the sample formed by male students (β= 0.09, p>0.05), the effect of mental capacity to directly predict 
scientific literacy (β= 0.06, p>0.05) and the effect of mental rotation ability to directly predict logical 
thinking ability (β= 0.04, p>0.05) in the sample of female students were not statistically significant. 
When Table 3 is addressed in terms of indirect prediction effect, in the sample formed by female 
students, the effect of mental rotation ability to indirectly predict scientific literacy (β= 0.02, p>0.05) 
and the effect of mental capacity to indirectly predict logical thinking ability (β= 0.01, p>0.05) was not 
found to be statistically significant.  Apart from these, the predictive effects of scientific literacy, logical 
thinking ability, mental rotation ability, and mental capacity variables on indirect prediction by other 
variables in both samples are statistically significant. 
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As seen in Table 3, a total of 4 variables that predict scientific literacy in male students can 
explain 48% of the variance in scientific literacy. This value is 64% for female students. Three variables 
that predict logical thinking ability in male students can explain 31% of the variance in logical thinking 
ability. This value is 30% for female students. Two variables predicting mental rotation ability in male 
students can explain 25% of the variance in mental rotation ability. This value is 21% for female 
students. One variable predicting mental capacity in male students can explain 32% of the variance in 
mental capacity. This value is 32% for female students. When Table 3 is analyzed in terms of effect 
size created by the effects of the variables on the total prediction made, it is seen that the effect sizes 

are in the same category for all variables in both samples (Kline, 2005). The values in Table 3 are 
summarized in Figure 2. 
 
Figure 2 

 
Structural Model of the Relationships Between Scientific Literacy (SL), Logical Thinking Ability (LT), Cognitive 
Styles (CS), Mental Capacity (MC), and Mental Rotation Ability (MRA) in Gender Groups  
 

 
Note: → Path coefficients with no significant predictive effect, → Path coefficients differing in size in both samples 

 
One of the main differences seen in the model, which was tested separately for male and 

female students, is related to the direct predictive effect of the cognitive style variable on scientific 
literacy. In the sample of female students, the effect on this prediction was found to be statistically 
significant, while in the sample formed by male students, the effect on this prediction is not statistically 
significant. Another significance is related to the direct predictive effect of mental rotation ability on 
logical thinking ability. While the effect on this prediction was statistically significant in the sample 
formed by male students, the effect on this prediction is not statistically significant in the sample 
formed by female students. The direct predictive effect of mental capacity on cognitive literacy in the 
model also differs in both groups. While the effect on this prediction was statistically significant in the 
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sample formed by male students, the effect on this prediction is not statistically significant in the 
opposite gender.  
 

Discussion 

 
In this study, the structural model that Sahin and Ates (2020) proposed with regards to the 

interaction between scientific literacy level and logical thinking ability, field-dependent/field-
independent cognitive styles, mental capacities, and mental rotation abilities of seventh-grade students 
was examined in terms of male and female students. As a result of the research, 64% of the variance 
in the scientific literacy scores of the females and 48% of the variance in the scientific literacy scores 
of the male are explained by logical thinking ability, cognitive style, mental capacity, and mental 
rotation ability. As stated by Sahin and Ates (2020), this value was found to be 55% in the study in 
which male and female students were assessed together and all the predictive effects in the theoretical 
model were found to be statistically significant.  

When both models were examined to explain the difference in the variance values that explain 
scientific literacy in gender groups in the research, it is noteworthy that there is a significant difference 
between the groups in terms of the effects of students’ cognitive styles and mental capacities to directly 
or indirectly predict scientific literacy levels. This remarkable difference is also observed in terms of 
the predictive effect of mental rotation abilities on logical thinking abilities. When the direct effects 
were analyzed in the study, it was found that the cognitive styles of male students did not have a 
statistically significant effect on predicting scientific literacy. In contrast, in female students, it is seen 
that the effect of mental capacity to predict scientific literacy is not statistically significant. At the same 
time, the effect of mental rotation ability to predict logical thinking ability is not statistically significant. 
Besides these, there is no significant difference between gender groups. 

The most notable result of those observed among gender groups in the study is that the effect 
of cognitive styles on the direct predictor of scientific literacy is not statistically significant in males 
but significant in females. The difference between field-dependent/field-independent cognitive styles 
of females and males is frequently mentioned in the relevant literature. In some of these studies, the 
difference between the scores of males and females in cognitive styles measurements was quite minor 
and not significant (Horzum & Alper, 2006; Idika, 2017; Maghsudi, 2007; Witkin et al., 1977), while 
in others this difference was stated to be higher in favor of males (Kirk, 2000; Onyekuru, 2015).  

In the analysis of variance in the study, although the difference observed between field-
dependent/field-independent cognitive styles scores between females and males was found to be 
significant in favor of females, this result, obtained through testing the theoretical model, provides 
information beyond whether there is a significant difference between the cognitive style scores of both 
genders. The result obtained by testing the structural model in this study proposes that the predictive 
effect of the increase in field-independent cognitive style tendencies of female students on the level 
of scientific literacy is higher and more significant than that of males. It is a key point to interpret this 
situation in terms of scientific literacy vision. To this end, the result of the research shows that the 
increase in cognitive styles scores of female students affects scientific literacy achievement more, 
thanks to the fact that the teaching environment and materials are designed according to the 
characteristics of different cognitive styles by being aware of the cognitive styles structure of learners.  

In this respect, there are studies implying that planning strategies to be used in lessons mediate 
the effect of cognitive style on achievement (Tinajero et al., 2012). Hence, science teachers need to be 
aware of the barriers to learning arising from field-dependent/field-independent cognitive styles and 
consider this issue when presenting teaching materials to learners. Organizing the teaching materials 
to be used during teaching, and simplifying the irrelevant or complex contexts in the activities in order 
of importance, can facilitate the learning of dependent students. It is tough for field-dependent 
students to distinguish the important ones among the many pieces of information presented in the 
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lectures in which the lecture method is applied. Using teaching methods with much social interaction, 
such as in-class discussion and collaborative teaching methods, could help prevent this disadvantage 
of field-dependent students (Jonassen & Grabowski, 1993). Although it is hard for teachers to apply 
the appropriate teaching method to each student in the classroom, it is thought that the disadvantages 
arising from the field-dependent/field-independent cognitive style could decrease with the 
diversification of the teaching and assessment techniques used. 

Another remarkable finding in the study is related to the direct predictive effect of mental 
rotation ability on logical thinking ability. The results obtained by testing the structural model in this 
study show that the predictive effect of mental rotation ability in the theoretical model on logical 
thinking ability is not statistically significant for female students. Although this effect is significant for 
male students, it is categorized as a minor effect. In the analysis of variance in the study, it was found 
that the difference in performance between genders was significant in favor of males. These findings 
are consistent with the relevant literature (Hirnstein et al., 2009; Maeda & Yoon, 2013; Pietsch & 
Jansen, 2012; Priest, 2019; Titze et al., 2010). The result obtained by testing the structural model in 
the research provides information beyond whether there is a significant difference between the groups. 
The result obtained by testing the structural model in this study suggests that the predictive effect of 
the increase in male students’ mental rotation ability performance on logical thinking ability is greater 
and more significant than that of the female students. It is reported in the literature that the difference 
observed between gender groups in mental rotation ability may be due to the learning opportunities 
that individuals had in the past and biological, environmental, and sociocultural factors (Schoning et 
al., 2007; Sundberg, 1994). Sorby (1999) asserts that playing with toys, playing with three-dimensional 
computer games, and doing some sports activities in childhood contribute to developing spatial ability. 
Although a difference was observed between gender groups in terms of mental rotation ability, 
students can develop this skill through appropriate activities (Miller & Halpern, 2013; Sanchez, 2012). 
Studies conclude that participation in spatial activities, especially at an early age, can affect students’ 
performance in spatial activities. As reported in two meta-analysis studies (Baenninger & Newcombe, 
1989; Uttal et al., 2013) conducted on the ability to improve mental rotation ability with teaching, 
while education focused on spatial activities and materials allow the development of mental rotation 
ability, this development also positively affects other components of spatial ability. Researchers also 
indicate that it is vital to start activities to develop spatial ability at an early age before the gender gap 
in spatial ability widens (Newcombe & Frick, 2010). 

Another finding obtained among gender groups is related to the direct predictive effect of 
mental capacity on scientific literacy. While this effect is statistically significant for male students, it is 
insignificant for female students. Meanwhile, in the analysis of variance for mental capacity, it was 
found that the mean score difference in favor of male students between both genders was not 
significant. This result shows parallelism with studies in this field (Hindal, 2007; Hindal et al., 2013). 
One of the main results obtained by testing the structural model in this study is related to the predictive 
effect of mental capacity on scientific literacy rather than the differentiation found between gender 
groups. This result obtained from the research shows that the increase in functional mental capacity 
of students affects the scientific literacy performance of male students more than female students, 
thanks to the strategies that increase the functional mental capacity by removing unnecessary 
information from the activities organized for students and increasing the motivation of the students. 
An individual’s mental capacity is explained as a cognitive variable that defines the ability to process 
many phenomena or concepts simultaneously (Pascual-Leone, 1970). According to the Constructivist 
Operators Theory, the more complex the activity, the greater the demand for mental capacity. As a 
matter of fact, studies tried to reduce the field effect by removing unnecessary information from the 
activities, and it was observed that there is an increase in student performance in this way (Boujaoude 
et al., 2004; Danili & Reid, 2004; Niaz, 1988a, b; Niaz & Robinson, 1992; Tsaparlis, 1998; Tsaparlıs et 
al., 1998).  It is thought that the spatial effect could be reduced by alleviating unnecessary or extra 
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information through the context or life-based activities in the lessons. In addition, by increasing the 
social context, there could be an increase in student motivation. In this way, it is thought that there 
may be an increase in student performance. As can be seen in the research results, although the 
structural mental capacity cannot be interfered, a functional mental capacity area can be created with 
the above-mentioned strategies. For this reason, it is thought that the concept of functional mental 
capacity can be known by the teachers and the implementation of the aforementioned strategies can 
contribute to the development of scientific literacy levels of all students. 
 

Conclusions and Suggestions 

 
This research concluded that cognitive styles and mental capacity variables differ according to 

gender groups in terms of their predictive effect on scientific literacy. Therefore, it is expressed that 
the preparation of the teaching materials (written, visual, and interactive) be used in the lessons by 
considering how these two variables play a key role in preventing inequalities of opportunity in terms 
of gender. For this purpose, field experts should examine the effects of textbooks and other teaching 
materials in terms of these variables and cross-check their efficiency. 

Since this research was conducted in the central districts of Ankara, to generalize the research 
results to Turkey, it can be tested in model gender groups with students from different regions and at 
different grade levels. In the study, a model was created by considering only certain cognitive variables. 
To examine the scientific literacy levels of students in-depth, it is regarded as important to test new 
models in which only affective variables take place, or that cognitive and affective variables take place 
together in different gender groups. 
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