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Effectiveness of an Inquiry Focused
Professional Development: Secondary
Mathematics and Science Teachers” Beliefs

and Instruction

Jennifer Cribbs! \ Lisa Duffine (2 , Martha Day® D,
*Oklahoma State University, USA; *"Western Kentucky University, USA

Abstract:

Secondary (grades 6th-12th), mathematics and science teachers participated in a two-year inquiry-based professional
development (PD) program focused on inquiry-based instruction. This study draws from surveys and classroom
observations to assess potential changes in teacher beliefs (Teaching Philosophy, Openness to Change, Job Satisfaction,
Professional Commitment, and Inquiry) and instructional practices using the electronic quality of inquiry protocol
(EQUIP). Results of a one-way repeated-measures ANOVA found significant increases in participating teachers’
Teaching Philosophy, Openness to Change, Confidence toward Inquiry, and Intentions toward Inquiry. Findings also
indicate significant changes in teachers’ instructional practice with teachers participating in the PD implementing
higher levels of inquiry instruction in their classroom. Finally, a two-way repeated-measures ANOVA found
statistically significant differences in participating teachers’ Teaching Philosophy, Openness to Change, Confidence
toward Inquiry, and Intentions toward Inquiry when evaluated with a comparison group of teachers. Overall, results

indicate changes in teachers’ beliefs and use of inquiry in their classroom due to their participation in the PD.

Keywords: Teacher professional development, inquiry instruction, mathematics education, science
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Initiatives in mathematics and science education — including the transition to new
standards — call for teachers” use of reform-based instruction in the classroom (National Council
of Teachers of Mathematics [NCTM], 1989; 2000; 2014; National Governors Association Center
for Best Practices & Council of Chief State School Officers, 2010; National Research Council
[NRC], 2000; 2012; NGSS Lead States, 2013). Research supports these calls indicating improved
learning when teachers are using reformed-based practices in both mathematics (Cain, 2002; Mac
Iver & Mac Iver, 2009) and science classrooms (Furtak et al., 2012; Minner, Levy, & Century, 2010).
Students in these settings also have increased interest and motivation for learning (Brown et al,,
2013; Cichon & Ellis, 2003; Jiang & McComas, 2015).

With these initiatives and supporting research, there is a need to explore effective models
of professional development (PD) for how to assist teachers in transitioning from a more
traditional/direct instruction approach to a more reformed/inquiry approach in their classrooms.
In this study, we highlight a model for PD with secondary mathematics and science teachers and
examine its effectiveness for changing teachers” beliefs and classroom practice. Prior research
exploring PD programs and beliefs related to inquiry-based instruction provide evidence to
support how PD programs can lead to changes in teacher beliefs and their use of inquiry-based
instruction (Yow & Lotter, 2014). However, many of these efforts do not consider these changes
with respect to a comparison group of teachers, possibly accounting for changes that may evolve
as teachers acquire more experience in the classroom. Additionally, while research notes the
benefit of PD on transitioning beliefs related to reform- or inquiry-based instruction (Carney,
2016) and there is evidence to support teacher beliefs influencing teacher practice (Lloyd, 2002),
this study examines the influence of the PD program on teachers’ beliefs and classroom practice.

Literature Review

Inquiry Instruction

Inquiry instruction is a broad description of a variety of practices that support a student-
centered method of instruction with a focus on conceptual understanding of content. The
National Research Council (NRC, 1996) describes scientific inquiry as:

asking questions, planning and conducting investigations, using appropriate tools and

techniques to gather data, thinking critically and logically about relationships between

evidence and explanations, constructing and analyzing alternative explanations, and

communicating scientific arguments (p. 105).

Calls for reformed instruction in both mathematics and science support the use of inquiry
in the classroom (NCTM, 1989; 2000; 2014; NGSS Lead States, 2013). Marshall (2013) proposes a
continuum of inquiry that ranges from highly teacher-structured to completely student-driven

(with strong teacher support). This learner-centered perspective of engagement allows students
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to actively construct their understanding of concepts by solving challenging tasks that require
executive function, self-regulation, and meaningful discourse — skills that support deep
conceptual learning — while being carefully scaffolded by the teacher (Bransford et al., 2000;
NCTM, 2014; NRC, 2012). For example, teachers can develop inquiry-based instruction using
existing tools like the 5E inquiry model - originally developed for science education (Bybee et al.,
2006) or the 4E x 2 inquiry model — developed for both mathematics and science education
(Marshal & Horten, 2009). In both instructional models, there are key phases of instruction:
Engagement, Exploration, Explanation, Elaboration (5E) or Extension (4E x 2), and Evaluation. In
both models, evaluation is iterative and occurs throughout the lesson to allow students to gain
on-going feedback about their learning (see Marshal and Horton for a detailed explanation and
comparison of the models). Research indicates a positive connection between inquiry-based
instruction and the following: student achievement and understanding (Granger et al., 2012;
Kang & Keinonen, 2018; Koksal & Berberoglu, 2012; Lazonder & Harmsen, 2016; Marshall &
Horton, 2011; Minner et al., 2010), interest and motivation (Chen et al., 2014; Fielding-Wells et al.,
2017), and attitudes toward science and mathematics (Kim, 2016; Riegle-Crumb et al., 2019).
Knowing the benefit of inquiry instruction on a variety of student factors and measures, it is
important to consider how to support teachers’” use of this method of instruction in their

classrooms.

Teacher Beliefs and Professional Development

Teacher beliefs — or “inferences made...about underlying states of expectancy (Rokeach,
1972, p. 2)” in teaching or learning — are part of an integrated cognitive system that are integral
for enacting behavioral change (Rokeach, 1972). However, not all beliefs are equally important.
Those that are most central to a person will be the most resistant to change, but if changed, will
have the most profound repercussions on the rest of one’s belief systems (Pajares, 1992;
Richardson, 1996; Rokeach, 1972). Teachers’ beliefs about: 1) themselves as professionals
(professional identity), 2) inquiry as an effective pedagogical tool, 3) their perceived capabilities
to design and implement inquiry-based instruction, and 4) carrying out inquiry in their future
classrooms are known to influence teacher practice (e.g., Canrinus, et al., 2012; Cross, 2009; Hofer
& Pintrich, 2004) and are germane to this study. Beliefs and experiences are interwoven (Raths,
2001), and teachers have a wealth of experiences both as a student and as a teacher that influence
their beliefs (Lortie, 1975). Thus, teacher beliefs are an important but complex topic to research.

Creating dissonance between teachers’ beliefs, practice, knowledge, and experiences is
one way that literature recommends creating a space to enact teacher change (Woolfolk et al.,
2009). However, even this idea can be complex as too much dissonance may lead to teachers’
rejecting changes (Timperley & Alton-Lee, 2008). Drawing on a large body of literature related to

teacher professional development is helpful for designing programs that effectively facilitate
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teacher change. For example, research repeatedly cites the importance of professional
development being content focused (Desimone, 2009; Taylor et al., 2017). Meaning that
mathematics and science educators should be experiencing discipline specific PD rather than
general PD, which is often the case with district and school provided PD. In fact, Moyer-
Pakenham et al. (2010) noted that PD for mathematics and science teachers often only included a
few measures assessing the effectiveness of PD activities and do not connect back to teachers’
classrooms. Current literature focused on PD and teachers” use of reform- or inquiry-based
instruction also highlights the importance of job-embedded experiences in order to transition
beliefs to changes in practice (Shirrell et al., 2019). This focus aligns with other literature noting
the positive effect that school-based initiatives, such as a professional learning community, can
have on teacher change (Tam, 2015).

Based on the work of Desimone (2009) and Darling-Hammond and colleagues (2017),
there are seven core features of PD that lead to subsequent change. Each of the seven features are
supported by research as being effective, and thus, utilized in the design and evaluation of the
PD described in this study. Table 1 provides an overview of the seven features along with

supporting research citations.

Table 1.
Features of Effective PD
PD Feature Brief Description Related Research
Content PD is discipline specific and include opportunities to Gallagher et al. (2017);
focused explore curricula, examine student work, work on or Johnson & Fargo, (2014)
teach lessons, and engage in strategies that are specific to
the content of focus.
Active PD involves teachers being active participants in the Allen et al. (2011);
learning learning process, which embodies the inquiry approach Gallagher et al. (2014)

to learning that is often the focus of current PD. This
feature also attends to literature on adult learning (e.g.,
Knowles, 1990; Trotter, 2006).
Collaboration  PD includes teachers collaborating with one another or Allen et al. (2015);
supporting personnel, such as coaches, and involve Buczynski & Hansen

authentic experiences (in the school setting, with (2010)
activities that related directly to the teachers’ classroom

and practice). These collaborations could be one-on-one
meetings or be small groups and could include teachers
reflecting, planning, engaging in activities, and solving
problems.

Models and PD provides models of the specific instructional Doppelt et al. (2009);
modeling practices/curriculum that are the topic of focus. These Greenleaf et al. (2011)
models can be included in a variety of formats such as
case studies, model lessons, and student work.

ISSN: 2149-8504 (online)
38 © I-STEM 2015-2022, j-stem.net




Journal of Research in STEM Education I ol = W
) Lo
Vol 8 No 2, December 2022, 35-60 JE Ijm

Cribbs, Duffin & Day

Coaching and PD includes some type of coaching or expert support, Kleickmann et al. (2016);
expert support which could include other teachers, content experts, Meissel et al. (2016)

instructional coaches, or university faculty. This support
could be included as part of workshop activities,
meetings at the school to observe and reflect, or virtual
meetings such as videos shared and online discussions.

Feedback and PD includes opportunities for feedback and reflection, Kutaka et al. (2017);

reflection “often employed during mentoring and coaching” Landry et al. (2009)
(Darling-Hammond et al., 2017, p. 14).

Duration PD is on-going, multiple activities over time, rather than Meyers et al. (2016); Polly
being a one-time activity/workshop. et al. (2015)

The purpose of this study is to examine how secondary mathematics and science teachers’

beliefs and practice changed through their participation in a 2-year PD program. The research

questions guiding this study are:

1.

Are there changes in participating secondary mathematics and science teachers’ beliefs
(teaching philosophy, job satisfaction, openness to change, and professional commitment)
from the beginning to the end of the PD?

Are there differences in beliefs between the participating and comparison group of
teachers?

Are there changes in participating secondary mathematics and science teachers’ beliefs
toward, confidence in, and intentions to use inquiry from the beginning to the end of the
PD?

Are there changes in teachers’ beliefs toward, confidence in, and intentions to use inquiry
between the participating and comparison group of teachers?

Are there changes in participating secondary mathematics and science teachers’ level of

inquiry instruction in their classroom?

Methods

Professional Development Model

The professional development was designed to highlight key features that research noted

to be effective in changing teacher practice and affect student outcomes. Table 2 provides an

overview of how features of the PD implemented over the two years aligned with features of

effective PD outlined in the research.
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Table 2.
Alignment of PD to Research-Based Practices
PD Feature Alignment

Content The PD program was designed specifically for mathematics and science teachers at the

focused secondary level with instructional coaches and facilitators who had experience teaching
mathematics and science at the secondary level. Instructional practices modeled were
specific to mathematics and science education, and were research-based.

Active Each activity during the academic year and summer involved active learning. For

learning example, all teachers actively observed model lessons. After evaluation and discourse
about the model lessons, teachers designed their own inquiry-based lessons, presented
lesson ideas in workshop form to coaches and peers, received feedback, made revisions,
and implemented lessons in the classroom where they were observed and formally
evaluated using the observation protocol. Evaluation scores were then provided to the
teachers so they could decide on goals they wanted to work on during the year (job-
embedded). During the summer institutes, teachers learned about new strategies
through experiential activities, designed problem- or project-based units, presented
ideas, and received extensive feedback.

Collaboration = Teachers were intentionally placed in teams based on the district in which they worked
to allow for collaboration at their school sites (job-embedded). Additionally, teachers
were put into teams during the summer institute and worked together to create/modify
lessons and units of instruction for the subsequent academic year (job-embedded).

Models and While model inquiry-based lessons were conducted during PD events, model lessons

modeling were also implemented in the teachers’ classrooms with their students (job-
embedded).

Coaching and An instructional coach partnered with groups of teachers to provide them continual

expert coaching and support. This support often occurred at the teachers’ location (job

support embedded), but also took the form of emails, phone calls, and team meetings during
PD events.

Feedback and Teachers were provided feedback through a variety of data sources: during coaching

reflection sessions with master teachers, with observational data collected throughout the two
years using the inquiry instruction research protocol, through teacher interviews and
surveys, and through professional learning community discourse. Reflection occurred
throughout the study using the aforementioned data sources.

Duration This program was designed to be two-years in length and included activities
throughout the academic year and a week-long intensive summer session each year.

Research Design

The purpose of the study was to examine the impact of a research-based professional
development program (see Table 2) on participating teachers’” beliefs in comparison with a group
of teachers who did not participate in the PD. Aligned with this purpose, a repeated measure
quasi-experimental survey research design was used. In addition, the study explored the impact
the PD had on participating teachers” instruction. Aligned with this purpose, a nonexperimental

repeated measure research design with an observational protocol was used.
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Participants

There were two primary sources of data for Year 1 and Year 2 of the project including
mathematics and science, middle and high school teachers (participating and comparison). It is
important to note that during Year 1 of the project, some teachers opted out of participating after
beginning project activities and were replaced by other teachers within the same district. This
attrition left a sample size of 17 teachers who had completed a pre-, mid-, and post-administration
of the survey. Participant selection was dictated by letters of collaboration from school districts
agreeing to partner on PD activities as part of a grant-funded project. While some teachers within
these districts chose to join the PD program, some were assigned to participate in the PD by their
administrators. Additional comparison data were collected from a group of mathematics and
science teachers at middle and high schools in adjacent districts in the state, sample size of 14
(with pre and post data). Demographic information for the participating and comparison group

of teachers is provided in Table 3 and is representative of the teacher population within the

districts.
Table 3.
Demographic Information for Participating and Comparison Groups of Teachers
Subject Grade Level Highest Level of
Race Taught Taught Education
oth- 9th- PhD/ Mean
F Cau. Asian Other M S 8th 12t BS MS EDD YearsExp.
P 14 17 0 0 6 11 9 8 8 8 0% 72
C 6 12 1 1 3 11 3 11 7% 6 1 8.8

Note. P = participating; C = comparison; F = Female; Cau. = Caucasian; M = mathematics; S = science

Data Collection

Primary sources of data included teacher surveys and teacher observations. A
combination of these sources of data provided information on the impact of the program on
teacher outcomes. Several steps were taken to ensure the reliability and validity of data collected.
The teacher survey was developed using existing instruments with existing reliability and
validity information available (Meyer et al., 1993; Starr et al., 2006; Stearns et al., 2014; Vannetta
& Nancy, 2004). Reliability scores using Cohen’s d was also calculated for each factor.

Professional identity is an umbrella term for one’s personal evaluations of self within a
profession that can be comprised by the following factors: (1) Teaching Philosophy — 0.82, (2)
Openness to Change — 0.73, (3) Job Satisfaction — 0.72, and (4) Professional Commitment — 0.86.
Teaching Philosophy and Openness to Change both drew from the Teacher Attribute Survey
(TAS; Vannetta & Nancy, 2004). The Teaching Philosophy scale “measured teacher support of a

teacher-centered or student-centered instructional environment”, while the Openness to Change
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construct measured teachers” “comfort and excitement when trying new methods of instruction
as well as willingness to take risks and make mistakes” (Vannetta & Nancy, 2004, p. 255). Job
Satisfaction drew from Stearns, Mickelson, and Moller’s (2014) study exploring the construct,
which included three items such as “I really enjoy my present teaching job.” Occupational
Commitment drew from Meyer and colleagues (1993) work, focusing on affective professional
commitment with six items such as “Teaching is important to my self-image” and “I dislike being
a teacher.” It is important to note that Meyer’s et al. (1993) was specific to the field of nursing;
however, Canrinus et al. (2012) validated the items for the construct specific to the teaching
profession.

Teacher’s beliefs about inquiry instruction, perceived competence in designing and
implementing inquiry-based instruction (confidence), and intention to use inquiry-based
practices in their classroom were measured using a modified version of the measures created and
implemented by Forbes and Zint (2011). Participants completed 7 items within each measure that
were mathematics or science-specific based on their content-area focus. Each measure featured
the same seven inquiry-based practices — e.g., “Ask questions and make predictions about
[mathematical or scientific] concepts.” - but had a different question for the participant to
consider. To assess participants’ beliefs about inquiry, for example, the leading question was
“When I am teaching [mathematics or science], I should design instruction that requires my
students to...” followed by the seven practices and a 7-point Likert scale ranging from “strongly
disagree” to “strongly agree”. The factors and corresponding reliability scores using Cohen’s d
are as follows (1) Beliefs toward Inquiry — 0.92, (2) Confidence toward Inquiry — 0.93, and (3)
Intentions toward Inquiry — 0.95.

The EQUIP observational protocol was used measure inquiry-based instruction of
mathematics and science teachers (Marshall et al., 2008). The factors and corresponding reliability
scores for the EQUIP observational instrument are as follows (1) Instructional — 0.94, (2) Discourse
- 0.94, (3) Assessment — 0.89, and (4) Curriculum — 0.88. The Instructional factor included five
items that relate to the type of strategies being used, sequence of instruction, role of the teacher
and student and knowledge acquisition. The Discourse factor included five items that related to
the level, complexity, and ecology of questions, communication pattern, and classroom
interactions. The Assessment factor included five items including prior knowledge, conceptual
development, student reflection, assessment type and the role of assessment. Finally, the
Curriculum factor included four items related to content depth, learner centrality, integration of
content and investigation, and organization and recording information. The scale on the
instrument was 0 (not observed) to 4 (exemplary inquiry).

To ensure consistency in how the observational protocol was administered, every
classroom observer was trained on the instrument. This training began by watching informational

videos on the Inquiry In Motion website (iim.sites.clemson.edu) followed by watching classroom
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videos and scoring these videos using the EQUIP protocol. The website provided scores so the
raters could compare their rating with the “key” scores on the website. After completing these
activities, the rater team met to discuss the EQUIP protocol in detail and go through another series
of watching videos as a team and scoring teachers’ use of inquiry using the EQUIP protocol. These
meetings included discussions that assisted in clarifying and eventually reaching consensus on
components of the protocol. Further, inter-rater assessments occurred during the first
implementation of the EQUIP protocol with a pair of observers collecting data on the same lesson.
The second implementation involved one member of the research team accompanying two of the
raters to verify consistency in scoring. Subsequent rounds of scoring were done independently

since the raters had extensive experience with the instrument.

Data Analysis

For the participating teachers, the beliefs survey was implemented three times over the
course of the two years: beginning of the spring semester in year 1 (pre-assessment), at the
conclusion of the summer institute in year 1 (mid-assessment), and at the conclusion of the
summer institute in year 2 (post-assessment). For the comparison group of teachers, the beliefs
survey was implemented twice: at the beginning of the spring semester in year 1 (pre-assessment)
and at the end of year 2 (post-assessment). To compare differences between the three time
intervals (pre, mid, and post) for the participating teachers, a one-way repeated-measures
ANOVA was conducted. To compare potential differences in means between the participating
and comparison group of teachers, a two-way repeated-measures ANOVA was conducted. In
addition, a Wilcoxon signed-rank test was performed to determine if differences existed between
the pre- and post-assessment for the comparison group of teachers. Random imputation was
conducted to address missing data.

The EQUIP protocol was also implemented four times during the two-year PD: at the end
of the fall semester in year 1(pre-observation), at the end of the spring semester in year 1 (mid1-
observation), at the end of the subsequent fall semester in year 2 (mid2-observation), and at the
end of the spring semester of year 2 (post-observation). Although a one-way repeated ANOVA
would have been ideal for determining if differences existed between administrations of the
protocol, a Wilcoxon signed-rank test was conducted instead because of the small sample size
due to teacher attrition. To better understand potential differences in the program a Wilcoxon

signed-rank test was run for the following (1) pre to post (N=14) and (2) mid2 to post (N=27).
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Results

Research Question 1

Results of the one-way repeated-measures ANOVA assessing changes in teacher beliefs,
pre-, mid-, and post-survey are reported in Table 4 for each of the four factors explored, including:
(1) teaching philosophy as it relates to teachers’ beliefs about a teacher- versus a student-centered
classroom (Teaching Philosophy); (2) Job Satisfaction; (3) Openness to Change; and (4)
Professional Commitment.

Results indicated that there was a significant change in teachers’ Teaching Philosophy,
F(1, 32) =14.842, p =0.000, n?=0.200, and Openness to Change, F(1, 32) =4.565, p =0.018, n?=0.059.
The Mauchly’s test for sphericity for Teaching Philosophy and Openness to Change was met (W
= 0.767, p = 0.136; W = 0.914, p = 0.510 respectively) so the Huynh and Feldt correction was not
used. A post hoc Bonferroni test for Teaching Philosophy showed that the pre- and mid-
assessment differed significantly at p = 0.002 as well as the pre- and post-assessment at p = 0.002.
A post hoc Bonferroni test for Openness to Change showed a marginally significant difference
between the mid- and post-assessment at p = 0.090 as well as a statistically significant difference
between the pre- and post-assessment at p = 0.040. Although the Job Satisfaction and Professional
Commitment constructs were not statistically significant, it is worth noting that the means for

these factors trended upwards over the course of the two years.

Table 4.
Results for ANOVA (Pre-Mid-Post) — Participating Teachers
Pre Mid Post

Teacher Belief Factors M (SE) M (SE) M (SE) F
Teaching Philosophy? 4.17(0.16) 4.76(0.14) 4.76(0.12) 14.84***
Job Satisfaction® 4.27(0.17) 4.45(0.13) 4.51(0.15) 0.94
Openness to Change? 4.64(0.18) 4.75(0.13) 5.00(0.14) 4.57%
Professional Commitmente 6.20(0.18) 6.31(0.15) 6.25(0.17) 0.67

Note: tp<0.10 *p<0.05 **p<0.01
a—Scale of 1-6, ® — Scale of 1-5, < — Scale of 1-7

Research Question 2

A Wilcoxon signed-rank test indicated there were no differences for the comparison group
of teachers from pre- to post-survey. In fact, for three of the four factors, there was a declining

trend in the mean from the baseline to post survey for this group of teachers (See Table 5).

ISSN: 2149-8504 (online)
44 © I-STEM 2015-2022, j-stem.net




I I I I I I N I NN N N I I N D
Journal of Research in STEM Education I =R
Vol 8, No 2, December 2022, 35-60 J \jm

Cribbs, Duffin & Day

Table 5.
Results of Wilcoxon signed-rank test: Comparison Teachers, Pre —and Post-Survey
Pre Survey Post Survey

Teacher Belief Factors M (SE) M (SE) p-value
Teaching Philosophy? 3.66(0.25) 3.71(0.20) 0.681
Job Satisfaction® 4.17(0.19) 4.02(0.21) 0.476
Openness to Change? 4.44(0.19) 4.33(0.21) 0.421
Professional Commitmente 5.90(0.26) 5.89(0.27) 1.000

a—Scale of 1-6, ® — Scale of 1-5, < — Scale of 1-7

Finally, a two-way repeated-measures ANOVA was conducted pre- to post-survey to
determine if differences existed for beliefs measured between groups (participant and
comparison). Mauchly’s test for sphericity is only applied with more than two levels. Since there
are only two levels for our ANOVA, Levene’s test for equal variance was conducted. This
assumption was not violated for any of the variables, allowing us to proceed with the analysis.
Results of the ANOVA indicated a significant interaction effect between teacher groups and the
time interval for Teaching Philosophy, F(1, 29) = 10.58, p = 0.004, n? =0.044. A follow up
independent samples t-test found a significant difference between the post-survey responses with
the participating teachers reporting a higher mean (M = 4.76) than the comparison group of
teachers (M = 3.67). Results of the ANOVA also indicated a marginally significant interaction
effect for Job Satisfaction, F(1, 29) =3.14, p = 0.087, n?= 0.022. A follow up independent samples t-
test found a significant difference between the post-survey responses with the participating
teachers reporting a higher mean (M = 4.51) than the comparison group of teachers (M = 4.02).
Openness to Change also had a significant interaction effect when conducting a two-way
repeated-measures ANOVA, F(1, 29) = 4.88, p = 0.035, 2= 0.030. The follow up independent
samples t-test found a significant difference between the post-survey responses with the
participating teachers reporting a higher mean (M=5.00) than the comparison group of teachers
(M = 4.33). Professional Commitment was not significant when conducting a two-way repeated-
measures ANOVA, F(1, 29) =0.15, p = 0.703, n?= 0.000. Table 6 provides a summary of results for
the independent samples t-tests and Figure 1 provides a visual representation of changes pre- to

post-survey for the participating and comparison groups of teachers.
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Table 6.
Independent Samples T-test for Post-survey between Groups of Teachers
Factor Part. M(SD) Comp. M(SD) t p-value d
Teaching Philosophy? 4.76(.50) 3.67(.72) 4.987 0.000%** 1.79
Job Satisfaction® 4.51(.61) 4.02(0.78) 1.945 0.062t 0.71
Openness to Change? 5.00(.58) 4.33(0.78) 2.753 0.010** 0.99

Note: tp<0.10 **p<0.01 ***p<0.001
a_Scale of 1-6, b — Scale of 1-5

Figure 1. Change in Beliefs Pre- to Post-Survey for Participating and Comparison Groups of Teachers

Research Question 3

The researchers asked participants to respond to a series of questions designed to assess

their beliefs about, confidence in their abilities to design, and intentions for implementing

instruction that is inquiry based. Results of the one-way repeated-measures ANOVA assessing

changes in teacher beliefs, pre-, mid-, and post-survey are reported in Table 7 for each of the three

ISSN: 2149-8504 (online)

46

© I-STEM 2015-2022, j-stem.net



I I I I I I N I NN N N I I N D
Journal of Research in STEM Education I =R
Vol 8, No 2, December 2022, 35-60 J \jm

Cribbs, Duffin & Day

factors explored, including: (1) Beliefs toward Inquiry, (2) Confidence toward Inquiry, and (3)
Intentions toward Inquiry.

Results indicated there was not a significant change in teachers” Beliefs toward Inquiry,
F(1, 32) = 1.480, p = 0.243, n?>= 0.031. However, it is worth noting that the mean for this factor
trended upwards over the course of the two years. A significant change was found in teachers’
Confidence toward Inquiry, F(1, 32) = 15.546, p = 0.000, 2= 0.161, and Intentions toward Inquiry,
F(1, 32) = 27.994, p = 0.000, n?= 0.311. The Mauchly’s test for sphericity for Confidence toward
Inquiry was not violated (W = 0.809, p = 0.205); however this assumption was violated for
Intentions toward Inquiry (W = 0.527, p = 0.008), so the more conservative Greenhouse-Geisser
correction was used. This correction still indicated a significant change in teachers” Intentions
toward Inquiry, p=0.000. A post hoc Bonferroni test for Confidence toward Inquiry showed that
the mid- and post-assessment differed significantly at p = 0.006 as well as the pre- and post-
assessment at p = 0.000. A post hoc Bonferroni test for Intentions toward Inquiry showed that the
pre- and mid-assessment differed significantly at p = 0.001, mid- and post-assessment differed

significantly at p = 0.013, and the pre- and post-assessment differed significantly at p = 0.000.

Table 7.
Results for ANOVA (Pre-Mid-Post) — Participating Teachers
Pre Mid Post
Teacher Belief Factors M (SE) M (SE) M (SE) F
Beliefs toward Inquiry 6.24(0.17) 6.25(0.17) 6.49(0.13) 1.48
Confidence toward Inquiry 4.82(0.24) 5.11(0.21) 5.74(0.21) 15.55%**
Intentions toward Inquiry 5.00(0.27) 5.97(0.18) 6.32(0.15) 27.994***

Note: ***p<0.001
Scales: (Strongly Disagree; Not at all confident; Very unlikely) — 7 (Strongly Agree; Completely confident;
Completely likely)

Research Question 4

A Wilcoxon signed-rank test indicated there were no differences for the comparison group
of teachers from pre- to post-survey. In fact, there was a declining trend in the mean for Intentions

toward Inquiry from the pre- to post-survey for this group of teachers (See Table 8).
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Table 8.
Results of Wilcoxon signed-rank test: Comparison Teachers, Pre —and Post-Survey
Pre Survey Post Survey
Teacher Belief Factors M (SE) M (SE) p-value
Beliefs toward Inquiry 6.07(0.22) 6.14(0.22) 0.753
Confidence toward Inquiry 5.34(0.22) 5.41(0.24) 0.779
Intentions toward Inquiry 5.67(0.26) 5.13(0.28) 0.209

Scales: (Strongly Disagree; Not at all confident; Very unlikely) — 7 (Strongly Agree; Completely confident;
Completely likely)

Finally, a two-way repeated-measures ANOVA was conducted pre- to post-survey to
determine if differences existed for beliefs measured between groups (participant and
comparison). Levene’s test for equal variance was conducted. This assumption was not violated
for any of the variables, allowing us to proceed with the analysis. Results of the ANOVA indicated
there was not a significant main effect for Beliefs toward Inquiry, F(1, 29) = 9.19, p = 0.297, n2=
0.012. However, a significant interaction effect for Confidence toward Inquiry was found, F(1, 29)
=12.27, p = 0.002, n?>= 0.072. A follow up independent samples t-test did not find a significant
difference between the post-survey responses between the participating and comparison group
of teachers. Finally, a significant interaction effect was found for Intentions toward Inquiry, F(1,
29) = 20.09, p = 0.000, n?>= 0.200. A follow up independent samples t-test found a significant
difference between the post-survey responses with the participating teachers reporting a higher
mean (M = 6.32) than the comparison group of teachers (M = 5.13). Table 9 provides a summary
of results for the independent samples t-tests and Figure 1 provides a visual representation of

changes pre- to post-survey for the participating and comparison groups of teachers.

Table 9.
Independent Samples T-test for Confidence and Intentions toward Inquiry, Post-survey between Groups
of Teachers

Factor Part. M(SD) Comp. M(SD) t p-value d
Confidence toward Inquiry 5.74(.86) 5.29(0.94) 1.243 0.224 0.50
Intentions toward Inquiry 6.32(.63) 5.13(1.05) 2.753 0.001** 1.42

Note: **p<0.01
Scales: (Strongly Disagree; Not at all confident; Very unlikely) — 7 (Strongly Agree; Completely confident;
Completely likely)
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Figure 2. Change in Beliefs, Confidence, and Intentions toward Inquiry Pre- to Post-Survey for Participating and

Comparison Groups of Teachers

Research Question 5

A Wilcoxon signed-rank test was performed to determine if differences existed for the pre
and post administration of the EQUIP observational protocol. Only 14 teachers were included in
this analysis as teachers who did not participate all four semesters of the program were excluded.
Results indicated that Discourse and Assessment were statistically significant and Instruction was
marginally significant pre to post. Teachers scored higher on the post-observation for Discourse
(Mdn =2.8) than on the pre-observation (Mdn =2.2), p=0.011, r =0.48. Teachers also scored higher
on the post-observation for Assessment (Mdn = 2.4) than on the pre-observation (Mdn =2.0), p =
0.030, r = 0.41. Additionally, teachers scored higher on the post-observation for Discourse (Mdn
= 2.8) than on the pre-observation (Mdn = 2.2), p = 0.055, r = 0.36. These results indicate that
teachers were using a slightly higher level of inquiry in their classrooms at the end of the two

years as reported by means and levels of significance in Table 10.
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Table 10.
Results of Wilcoxon Signed-Rank Test for Participating Teachers’ Use of Inquiry
Baseline Post
Fall 2015 Spring 2017
EQUIP Factors M (SE) M (SE) p-value
Instructional 2.25(0.21) 2.77(0.25) 0.011*
Discourse 2.09(0.20) 2.66(0.24) 0.030%
Assessment 1.92(0.15) 2.48(0.23) 0.055+
Curriculum 2.13(0.18) 2.81(0.28) 0.118

Note: 1p<0.10 *p<0.05
Scale: 1 (Pre-Inquiry), 2 (Developing Inquiry), 3 (Proficient Inquiry), 4 (Exemplary inquiry)

A Wilcoxon signed-rank test was also performed to determine if differences existed for
the mid2 and post administration of the EQUIP observational protocol. Twenty-seven teachers
were included in this analysis. Results indicated that Instruction and Discourse were statistically
significant, and Curriculum was marginally significant mid2 to post. Teachers scored higher on
the post-observation for Instruction (Mdn = 2.8) than on the mid2-observation (Mdn = 2.4), p =
0.047, r = 0.271. Teachers also scored higher on the post-observation for Discourse (Mdn = 2.2)
than on the mid2-observation (Mdn = 2.0), p=0.050, r=0.267. Additionally, teachers scored higher
on the post-observation for Curriculum (Mdn = 2.25) than on the pre-observation (Mdn =2.00), p
=(0.089, r =0.232. These are shown in Table 11.

Table 11.
Results of Wilcoxon signed-rank test for Participating Teachers’ Use of Inquiry (Year 2 only)
Mid2 Post
Fall 2016 Spring 2017
EQUIP Factors M (SE) M (SE) p-value
Instructional 2.33(0.19) 2.75(0.14) 0.047*
Discourse 2.11(0.29) 2.50(0.15) 0.050*
Assessment 2.07(0.18) 2.36(0.14) 0.266
Curriculum 2.07(0.18) 2.40(0.16) 0.089+

Note: p<0.10 *p<0.05
Scale: 1 (Pre-Inquiry), 2 (Developing Inquiry), 3 (Proficient Inquiry), 4 (Exemplary inquiry)

Discussion

Findings from this study provide evidence that the professional development program
was effective in initiating the transitioning of teachers’ beliefs and classroom practice. As
discussed by Desimone (2009), results indicate a connection between professional development,

changes in teachers” beliefs, and changes in teachers’ practice. In particular, a focus on PD
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elements as discussed in literature (Darling-Hammond et al., 2017) could account for changes

noted over the course of the two-year PD.

Teacher Beliefs

Given the connection between individuals’ experiences and beliefs (Raths, 2001),
exploring teachers’ beliefs based on their experiences in the PD was a way we could assess the
effectiveness of the PD program. Drawing on prior work pertaining to the variety of beliefs that
are relevant to better understand teachers’ instructional choices and potential changes in practice
(e.g., Canrinus, et al., 2012; Cross, 2009; Hofer & Pintrich, 2004), we measured teacher beliefs
through the constructs Teaching Philosophy, Job Satisfaction, and Openness to Change. Results
indicated that these beliefs increased over the course of the two-years teachers participated in the
PD. Teaching Philosophy in particular indicated the most significant difference with teachers
reporting a more student-centered belief toward teaching. This finding may be in response to the
PD focusing on inquiry-based practices, which include student-centered methods. Teachers were
actively engaged in reflecting on their own practice throughout the program along with
experiencing inquiry-based instruction through a variety of PD activities. As Levitt (2002)
indicates, unconventional professional development can lead to a transitioning teacher
philosophy and that these changes in teachers” beliefs directly align with the focus of the PD
teachers are experiencing. Further, Brand and Moore (2011) noted the importance of teachers
being “active participants in both goal-setting and ongoing work of the professional development
process” (p. 908). Rather than having data collection being a by-product of the PD, teachers
became active participants of their growth, setting goals, revising existing lesson plans, and
reflecting on their beliefs and practices as it related to their classroom. Teachers’ beliefs related to
Job Satisfaction and Openness to Change also increased over the course of the PD. Research
related to Openness to Change is linked to teachers” use of innovative technologies and risk-
taking (Baylor & Ritchie, 2002; Howard & Gigliotti, 2016). Openness to change and a willingness
to take risks is important when teachers are testing different strategies and considering changes
to their practice. Additionally, there is some evidence that attitudes about inquiry and teachers’
openness to ideas and actions may be correlated (Meijer et al., 2016).

Job Satisfaction, related to teacher burnout (Wang et al., 2015) and professional identity
(Canrinus et al., 2012), is of particular importance in light of a large percentage of teacher attrition
reported for the field (Ingersoll et al., 2018). The evaluation of change between the participating
and comparison group of teachers makes clear the importance of effective PD on transitioning
teachers’ beliefs. Our results indicate participating teachers” beliefs transitioned over the course
of the biennium but the comparison group of teachers did not significantly change. In fact, the
means of the comparison group were trending down. However, no changes were evident with

Professional Commitment. Given that these constructs are closely connected with professional
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identity, which is a more stable construct (Beijaard, 1995), this finding may not be surprising.
However, as noted in the current study, professional identity is not rigid and factors such as a
teachers” work environment, sense of agency, and personal and professional experiences could
lead to change (Day et al., 2006). Perhaps results from this study make evident Rokeach’s (1972)
concept of belief systems where peripheral beliefs such as beliefs about inquiry are easier to
change than beliefs that are core to a teacher’s sense of self, professional identity.

Inquiry-Based Beliefs

It is interesting that teacher beliefs related to the seven inquiry practices did not change
over the course of the two-year PD. Teachers’ initial responses were generally positive and stayed
the same throughout the two years. However, changes became evident when exploring their level
of confidence in designing instruction and implementing instruction that is inquiry based with a
significant difference pre to post for the participating group of teachers. Changes were more
significant for the intent to implement inquiry with statistically significant differences found
between the pre- to post-survey and for the participating group of teachers and with results
indicating a significant difference in the post-survey means between the participating and
comparison group of teachers. It is possible that teachers observing these practices being
implemented and practicing implementing the strategies in their own classrooms made them
more likely to respond that they intended to implement the inquiry practices. Given that beliefs
are theorized and have been shown to be predictive of intentions and intentions is predictive of
actions (Aelterman et al., 2016; Ajzen, 1996), the change in belief may indicate that teachers will
be more likely to enact the list of inquiry practices. Again, no significant difference was found for
the comparison group of teachers and more notable shifts were noted for the comparison group

of teachers for decreasing intentions between pre- to post-surveys.

Inquiry-Based Instruction

Results indicate changes in teachers” implementation of inquiry-based practices in their
classroom. In particular, significant changes were found with the instructional and discourse
factors. The Instructional factor corresponded with teachers’” promoting conceptual
understanding, student engagement, teachers allowing students to explore content before
explaining, teachers acting as a facilitator, and students applying concepts being learned to new
situations (depth of knowledge demonstrated). The Discourse factor also increased significantly
over the course of the PD. Discourse corresponded with teachers” level of questioning, the
complexity of questions, ability to engage students with questions, discourse, investigations or
reflection, and how discussions were facilitated (types of support and reasoning evident). Even
for experienced teachers, transitioning to use these practices effectively can be very difficult as
they require the implementation of rich tasks. In addition, teachers may need to transition their

role in the classroom, where they may have previously directed the learning experiences rather
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than facilitated the experiences for students. Assessment was found to be marginally significant

and corresponded to teachers assessing and modifying instruction based on prior knowledge,
being process focused with learning activities, encouraging reflection and higher-level thinking
with students, using authentic assessment measures consistently and effectively, and
encouraging explanations with support. Research indicates that PD involving ongoing coaching,
with particular focus on including teacher reflection, leads to change in teacher practice (Teemant,
2014). The instructional coach could be one of the features of the PD program that accounts for
the changes found in teachers” practice. These coaching sessions in addition to the modeled
lessons and instructional strategies during workshop sessions and over the summer provided
teachers with a picture of what inquiry looks like in practice. In addition, teachers had personal
goals, which related directly to their own classroom practice. Since goals help direct attention and
energy, influence strategy selection and planning, and ultimately affect performance (Locke &
Latham, 2002), it is possible that these goals helped the teachers grow through the challenge of
developing new skills with inquiry-instructional practices. With specific goals that aligned to a
rubric describing the target pedagogical outcomes, teachers could attend to an attainable practice,
use feedback to monitor their progress towards goal attainment, and plan steps for improving
their inquiry-based instructional practices. It is possible that despite only focusing on one goal at
a time, teachers were influencing other areas of inquiry since many of the ideas related to one
another. For example, meaningful questioning (Discourse) would likely lead to students being
more active (Instructional) and soliciting explanations (Assessment). It is also important to note
that while teachers use of inquiry increased over the course of the program, many of them were
still at the developing inquiry level. The time it takes to transition practice seems to be extensive
and may indicate the need for continued PD and support to maintain and further transition
practice.

Differences were also noted for the 27 teachers who participated in the second year of the
PD. The Assessment factor was not significant for this group, but the Curriculum factor was
marginally significant. The Curriculum factor corresponded with the depth of content in the
lesson as well as connections to the big picture, flexibility during investigations, the
connectedness of the content and the investigations, and students being able to record
information in non-prescriptive ways and communicate effectively. It is possible that the focus of
the summer institute during the second year might account for this change. In the second year,
the PD focused on project-based instruction with teachers designing a unit of instruction aligned
to this method. Rather than focusing on individual lessons, a focus on a unit of instruction might
have helped teachers see overarching concepts with the content they were teaching and how to
make these more evident in their instruction. It is also likely that the job-embedded approach of
the PD as recommended in current literature (Shirrell et al., 2019) provided teachers with the

support needed to transition their practice.
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Limitations and Conclusions

A limitation for this study was the attrition of teachers, which reduced the sample size.
The small sample size increased the potential for Type II error with the ANOVAs conducted.
However, it was preferable to keep the significance level alpha at 0.05 rather than potentially
conflate results. It is possible that additional significance might have been found with a larger
sample size of teachers. In addition to reducing the sample size, this attrition made some of the
PD efforts more challenging as the facilitators needed time to build rapport with the teachers and
teachers needed time to develop a sense of community with each other.

Meaningful PD can be challenging. Participating teachers in our study were required to
be active rather than passive in the process. They were challenged to think deeply about their
own practice, create professional goals that would lead to changes in their practice, and modify
their instruction based on these goals. The intensity of the PD may be one reason we experienced
a lot of transition in the program despite getting very positive feedback from the participating
teachers. Being engaged in this type of PD is different than what is traditionally experienced by
many teachers and calls for a level of commitment and engagement that may be taxing on their
time and mental energy. We do not make this statement to be disparaging toward teachers who
may have dropped the PD, but to share a challenge that PD developers and implementers may
face when engaging in these activities. Despite challenges faced by teachers and facilitators, PD
can result in changes in beliefs and practice as was evident in this study. It is also important to
note that changes in teachers’ beliefs and practices were potentially informing one another.
Teaching using inquiry might have changed teachers’ beliefs and self-efficacy and vice versa as
literature indicates that the relationship between teacher beliefs and practice is “reciprocal, but
complex” (Levin, 2015 p. 70). The job-embedded approach and coaching aspects of the PD could
also inform educators and administrators as they consider future PD activities. A way that these
aspects of PD could be included is through instructional coaches. While requiring a significant
investment by a school or district, instructional coaches could provide the type of PD that builds
on successful elements included as part of the current study as well as providing the on-going,
context-specific experiences for teachers. It is also important to have the support from
administrators, without including an evaluative component. This may include peer mentor
programs, which would include many elements of the PD reported on in the current study, such
as being job-embedded, collaboration with other teachers, and instructional support.

McGee and colleagues (2013) noted that future research regarding PD needed to examine
“how teachers are able to translate their new learning into classroom experiences for their
students” (p. 25). This study is illustrative of how PD can affect changes in beliefs and practices,

which could ultimately influence student learning.
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Amid globalization challenges, declines in H1-B visa allocations, rapid increases in
technological advances, and demographical shifts, the United States (US) faces severe shortages
of qualified science, technology, engineering, and mathematics (STEM) workers (Carnevale et al.,
2011; Vincent & Velkoff, 2010). National and state policymakers, researchers, and administrators
emphasize the need for a highly skilled and diverse STEM workforce for the US to remain
globally competitive and to meet increasing STEM knowledge and skills gaps (Cherrstrom et al.,
2022). To meet US STEM workforce demands, and to improve STEM learning outcomes and
career pathways for all students, particularly historically underrepresented minority students,
the US K-12 education system must address its shortage of high quality, diverse, STEM-certified
teachers (Mentzer et al., 2019).

Mainstream news consistently reports on the national teacher shortage (Castro et al., 2018;
Cowan et al., 2016; Dee & Goldhaber, 2017; Sutcher et al., 2016, 2019; Wiggan et al., 2020). In 2018,
U.S. public schools reached a record high enrollment of 50.7 million students (National Center
for Education Statistics, 2018b), warranting 1.5 million new teachers (Wiggan et al., 2020). Since
1985, the number of teachers produced by teacher preparation programs has grown, while the
students-to-teacher ratio in public schools has increased (Cowan et al., 2016). Consequently, the
national teacher shortage has resulted from staffing challenges in critical subjects (e.g., STEM,
special education, bilingual, English language learners), particularly at low-income or high-
poverty, high-minority, rural, and urban schools (Cowan et al., 2016; Dee & Goldhaber, 2017;
Sutcher et al., 2016, 2019).

Research has revealed a minority or urban teacher shortage represented by the
longstanding gap between minority students' percentage concerning minority teachers (Ingersoll
et al., 2019; Sutcher et al., 2019). On average, high-poverty and urban schools are “3 to 10 times
more likely to have teachers who are uncertified, not fully prepared, or teaching outside their
field of preparation than students in predominantly White and more affluent schools” (Castro et
al., 2018, p. 2). While efforts to recruit minority teachers have been successful, minority teachers
have higher attrition rates than teachers at affluent White schools due to poor working conditions
(Ingersoll et al., 2019; Sutcher et al., 2016, 2019; Wiggan et al., 2020). Furthermore, recruiting and
retaining minority teachers is vital for equitable access to quality STEM education for all students
and to meet our nation's increasing demand for STEM knowledge and skills (Ingersoll et al., 2019).
Ultimately, the low number of STEM professionals in secondary STEM classrooms impacts the
quality of teaching and student learning as well as workforce development (Mentzer et al., 2019).
A diverse, high-quality, STEM-certified teacher workforce will improve STEM learning outcomes
and career pathways for underrepresented minority students (Mentzer et al., 2019).

Alternative STEM certification pathways offer a viable solution to close the gap of
qualified teachers across the nation. Increased recruitment and retention of minority teachers

through alternative STEM certification pathways will dissipate the shortage of qualified STEM
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teachers. Although researchers have indicated traditional pathways produce higher student
outcomes (Anderson, 2006; Marder et al., 2020; Ruiz de Castilla, 2018; Schmidt et al., 2020), most
states have responded to teacher shortages in various subject areas with alternative certification
programs (Humphrey et al., 2008; Mentzer et al., 2019). Such programs more effectively alleviate
the shortage of qualified minority STEM teachers and improve STEM learning outcomes for all
students (Chamberlin-Kim et al., 2019). Since higher percentages of underrepresented minorities
pursue alternative pathways over traditional certification (National Center for Education
Statistics, 2018a), we posit alternative certification programs provide the most viable pathway to
address the minority teacher shortage.

The purpose of this study was to examine trends in STEM teacher certification by Race or
Ethnicity and gender to address minority teacher shortages in Texas. Our research question
guiding the study was: What can certification data tells us about the efficacy of different pathways
toward preparing teachers for STEM certification? The insights to this question gained from the
current study has implications for teachers, teacher preparation programs, schools and districts,
and ultimately students and our nation. This article continues with a review of the literature on
teacher certification in Texas, followed by methods used in the study, results of the study, and

discussion of results with implications.

Teacher Certification in Texas

Texas offers three common pathways for initial teacher certification: traditional
certification, alternative certification program (ACP), and post-baccalaureate (post-bac)
certification (Texas Education Agency, 2020b). For subsequent certifications in STEM and other
subject areas, teachers pursue an additional certification-by-examination (cert-by-exam) pathway
(Texas Education Agency, 2020a).

In the US and Texas, traditional or standard certification (also referred to as traditional
undergraduate program) is the most prevalent pathway to teacher certification (Texas Education
Agency, 2020b). Along this pathway, teacher certification is intertwined with requirements for
obtaining a bachelor’s degree at a four-year college or university. Most states refer to the initial
teacher certification as traditional or standard or certification in the literature. More states have also
implemented pre-collegiate urban teaching academies (e.g., Fletcher Jr. & Ashford, 2016) as
magnet high school programs to encourage high school students to pursue traditional teaching
pathways.

While most public school teachers are the product of traditional four-year degree
programs, alternative certification (ACP) is a second pathway accounting for a growing
percentage of educators. The ACP is a byproduct of Ronald Reagan’s National Commission on
Excellence in Education report, A Nation at Risk, which identified serious deficits in teacher
preparation programs. According to LoCascio et al. (2016), the purpose of ACPs is “to certify
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candidates who have strong academic area content knowledge but have limited or no
background in formal teacher preparation” (p. 105). The benefits of alternative certification
include fewer course requirements and decreased program completion time for the prospective
teacher. Required to hold a bachelor's degree for program admission, students are promoted to
field-based teaching experiences sooner than undergraduate students enrolled in a traditional
certification program. Developed in response to teacher shortages in various subject areas, ACPs
are now common in most states (Bowling & Ball, 2018; Humphrey et al., 2008; LoCascio et al.,
2016).

The post-baccalaureate (post-bac) certification, a third pathway, is considered an
advanced degree in obtaining a teaching certificate in most states. The definition of post-bac
varies across state lines and among institutions of higher education. In the state of Texas, post-
bac is defined as a certification pathway best suited for those seeking an advanced (master’s or
doctorate) degree with certification (Texas Education Agency, 2020b). According to Ruiz de
Castilla (2018), the post-bac pathway may not require completing an advanced degree while
completing the certification requirements. The University of North Texas (UNT) College of
Education (2020) outlines the post-bac certification program “for graduates who did not pursue
education studies but want to become a teacher, principal, or superintendent. . . . Courses from
each of these programs may be applied to the master’s degree” (para. 1). However, “courses taken
for the post-baccalaureate program do not lead to a degree. Instead, completion of the program
qualifies students to take the required state certification examinations.” While the terms post-
baccalaureate and alternative certification are interchangeably used, a key differentiator is cost.
Programs offering a certificate in conjunction with an advanced degree typically have higher cost
and longer duration.

In Texas, teachers with a valid Texas classroom teaching certificate and a baccalaureate
degree may obtain additional certifications through additional certification-by-exam (cert-by-
exam) (Texas Education Agency, 2020a) also referred to as endorsement by exam (Hollo et al., 2019)
and additional exam (Ruiz de Castilla, 2018). While advantageous for teachers desiring to expand
expertise, cert-by-exam is not an option for initial certification, teachers who teach students with
visual impairments, or non-classroom teaching purposes (e.g., superintendent, principal, school
counselor). Cert-by-exam offers a common pathway for teachers to obtain multiple certifications.
Other states have varying processes for teachers to obtain additional certification. An online
search revealed the terms additional certification by examination or cert-by-exam unique to Texas. As
one example, the California Commission on Teacher Credentialing defines the initial teacher
certification as a preliminary credential, and the subsequent credential as a clear credential (State of

California Commission on Teacher Credentialing, 2019).
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Texas, the second-largest education authority in the US, offers traditional certification,
ACP, and post-bac pathways for initial teacher certification and cert-by-exam pathway for
subsequent certifications in STEM and other subject areas (Texas Education Agency, 2020a,
2020b). Since higher percentages of underrepresented minorities pursue alternative pathways
over traditional certification pathways (National Center for Education Statistics, 2018a), we posit
alternative certification programs provide the most viable pathway to address the minority
teacher shortage. In the next section, we discuss the methods used to examine trends in STEM
teacher certification by race or ethnicity, and gender to address minority teacher shortages in

Texas.

Methods

Population

Based on teacher data for the 2018-2019 school year, this study's population consisted of
67,629 STEM teachers, representing 16.9% of the 399,670 educators teaching in Texas public
schools. Within this statewide teacher population, 59.4% (n=237,467) were White, followed by
27.2% (n=108,569) Hispanic, and 10.4% (n=41,470) Black. The remaining 3.0% (n=12,164) consisted
of the Other race or ethnicity category. Among White teachers, 19.0% (n=45,148) were STEM
certified compared to Hispanic and Black teachers, respectively 13.0% (n=14,088) and 12.9%
(n=5,328). The Other race or ethnicity group had the highest percentage of STEM teachers, 25.2%
(n=3,065). By gender, there were four times more female teachers (n=265,292) than male teachers
(n=66,749)2018-2019. Similarly, there were two times more female STEM teachers (n=45,001) than
male STEM teachers (n=22,628). However, among only 14.5% of female teachers, were STEM

certified compared to 25.3% of male teachers

Data

This study's primary data came from the teacher certification records maintained by the
State Board for Educator Certification (SBEC) at the Texas Education Agency (TEA). In 1995, the
Texas Legislature created SBEC to oversee all aspects of the preparation, certification, and
standards of conduct of public school educators (Texas Education Code, 2020). The data
contained multiple records per teacher, where each record represented the teacher’s certification
to teach a subject (e.g., biology, physics, chemistry) within a broader field (e.g., science). In this
study, a STEM certification included any subject in computer science, mathematics, or science, or
the subjects of technology applications or technology education in the field of technology in
vocational education programs.

Each certification was associated with a standard or provisional type. Standard certifications

must be renewed every five years if issued on or after September 1, 1999, while provisional
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certifications are for life if issued before September 1, 1999 (Texas Education Code, 2020). Both
certification types had a start date and an expiration date for standard certifications. Moreover,
all records had one of four certification pathways: (standard) traditional program, alternative
certification program (ACP), post-baccalaureate (post-bac), or additional certification-by-
examination (cert-by-exam). Teacher demographic data included race or ethnicity (White,
Hispanic, Black, or Other) and gender (F or M).

Measures

The longitudinal nature of the data allowed us to build a certification profile for each teacher
consisting of the initial and subsequent certifications in STEM fields. In so doing, we created
numerical measures for the study as follows. Using the certification’s start issuance date, for each
teacher, we chronologically sorted records to identify the initial and subsequent certifications. We
then kept the initial and the next encountered certification if in a STEM field. For each teacher,
we calculated the number of years between a certification’s start date and 2019, the referenced
school year for data collection, and the number of years between the start dates of the initial and
next encountered certification in a STEM field. We then compared these measures against our
independent calculations from the raw data for teachers randomly selected so that, we could
ensure our SAS code was reliable and valid in producing the measures for the current study. For
analytical procedures, we relied on descriptive statistics to illuminate patterns and discoveries in

the data in a meaningful way within the context of our research question.

Theoretical Framework

Since intersectionality (Crenshaw, 1991) is an appropriate theoretical framework to describe
multifaceted racial and social identities of diverse individuals, we referenced its use in the context
of education related to teacher professionals (Macias & Stephens, 2017). During this study, we
utilized intersectionality theory to describe race and gender factors related the race or ethnicity,

and gender status of diverse STEM teachers in the state of Texas.

Results

Race or Ethnicity of STEM Teachers

Table 1 shows the race or ethnicity, and gender distribution of STEM teachers in Texas. The results
indicated a disparity in race or ethnicity among STEM teachers. This finding's relevance can be
best realized relative to student demographics, as shown in the table. Of the 5,431,910 students in
Texas public schools in the 2018-2019 school year (TEA, 2019), race or ethnicity distribution
consisted of 27.4% (n=1,490,299) White, 52.6% (n=2,854,590) Hispanic, and 12.6% (n=685,775)
Black students. In comparison, STEM teacher demographics for the 67,629 educators consisted of
66.8% (n=45,148) White, 20.8% (n=14,088) Hispanic, and 7.0% (n=5,328) Black teachers.
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Table 1.
STEM Teachers in Texas: Race or Ethnicity, and Gender
Students (S) STEM Teachers (T) S:T Ratio Parity
Group n Percent n Percent (Sn+Tn) Required Shortage

Race or Ethnicity

White 1,490,299 27.4 45,148 66.8 33.0 45,148 0
Hispanic 2,854,590 52.6 14,088 20.8 202.6 86,479 72,391
Black 685,775 12.6 5,328 7.9 128.7 20,775 15,447
Other 401,246 7.4 3,065 45 130.9 12,156 9,091
Total 5,431,910 100 67,629 100 80.3 164,557 96,928
Gender

Female 2,647,524  48.7 45,001 66.5 58.8 45,001 0
Male 2,784,386 51.3 22,628 33.5 123.1 47,327 24,699
Total 5,431,910 100.0 67,629 100.0 80.3 92,328 24,699

The students-to-teacher ratio by race or ethnicity indicated 33.0 White students to every
1.0 White STEM teacher. In comparison, there were 202.6 Hispanic students for every Hispanic
teacher and 128.7 Black students for every Black teacher. To achieve parity with White STEM
teachers would require 86,479 Hispanic STEM teachers, 72,391 more than in the 2018-2019 school
year. Similarly, parity with White STEM teachers would require 20,775 Black STEM teachers,
15,447 more than in the 2018-2019 school year. If parity were achieved among the three major race
or ethnicity groups, the result would add 96,928 STEM teachers to the 67,629 in the 2018-2019
school year, for a total of 164,557 STEM teachers available to students in public schools.

Disparities also existed by STEM teacher gender. Of the 5,431,910 students in Texas public
schools in the 2018-2019 school year (TEA, 2019), the gender demographics consisted of 48.7%
(n=2,647,524) female and 51.3% (n=2,784,386) male. In comparison, STEM teacher demographics
for the 67,629 educators consisted of 66.5% (n=45,001) female and 33.5% (22,628) male. The ratio
of students-to-teacher by gender indicated 58.8 female students for every female STEM teacher.
In comparison, there were 123.1 male students for every male STEM teacher. To achieve parity
with female STEM teachers would require 47,327 male STEM teachers, 24,699 more than in the
2018-2019 school year, for a total of 92,328 STEM teachers available to students in public schools.

STEM Certified Teachers by Initial and Second Certification Field

Table 2 shows the distribution of STEM certified teachers by initial and next encountered
certification in a STEM field and descriptive statistics for the number of years between a
certification’s start date and 2019. The data include two groups of teachers: teachers with initial
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certification in a non-STEM field who later earned a certificate in a STEM field, and those with
initial certification in a STEM field who went on to earn a second certificate in another STEM field.
The 25,357 teachers with initial certification in non-STEM fields were certified, on average, 19.0
years (SD=10.4) before the 2018-2019 school year. For the first certification in a STEM field, 54.0%
(n=13,692) of teachers did so in mathematics, followed by 27.7% (n=7,018) in science. The average
years from their STEM certification to the 2018-2019 school year was 15.8 years (SD=10.7), which
implies their STEM certifications were earned, on average, within four years after receiving their
initial non-STEM certification.

In comparison, the 42,272 teachers with initial certification in STEM fields were certified on
average, 13.4 years (5D=9.7) before the 2018-2019 school year. Of these STEM teachers, however,
only 18.4% (n=7,787) went on to earn a second certification in another STEM field, primarily in
the fields of science (n=4,999) followed by mathematics (n=1,463). For the second-STEM certified
teachers, the average years from initial STEM certification and second STEM certification to the
2018-2019 school year were 18.1 years (SD=10.8) and 14.7 years (SD=11.2), respectively. Therefore,
second-STEM certified teachers earned their second STEM certifications, on average, within four
years after receiving their initial STEM certification.

Table 2.
STEM Certified Teachers in Texas: Initial and Second Certification Field

Years to 2018-2019 School Year

Field n Percent Mean SD Min Median Max
Teachers with Initial Certification in a non-STEM Field

Bilingual Education 1,920 7.6 9.3 6.3 0 8 32
English Language Arts 2,304 9.1 21.3 9.5 1 22 54
Fine Arts 743 2.9 17.4 10.7 1 15 47
Foreign Language 205 0.8 17.8 11.1 1 15 47
General Elementary 11,590 45.7 19.7 9.8 0 20 54
Health & PE 3,962 15.6 20.0 11.0 1 18 57
Social Studies 1,261 5.0 21.4 11.3 1 21 55
Special Education 1,072 4.2 15.5 7.1 0 15 46
Vocational Education 2,300 9.1 20.4 11.3 1 19 58
Total 25,357 100 19.0 104 0 18 58
First Certification in a STEM Field

Computer Science 649 2.6 17.4 8.5 1 18 44
Mathematics 13,692 54.0 18.0 11.0 0 18 57
Science 7,018 27.7 15.7 10.6 0 14 52
Technology 3,998 15.8 7.9 4.9 0 7 18
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Total 25,357 100.0 15.8 10.7 0 14 57
Teachers with Initial Certification in a STEM Field

Computer Science 635 1.5 20.5 9.4 1 20 45
Mathematics 21,164 50.1 12.3 8.4 0 11 58
Science 19,113 45.2 14.8 10.7 0 13 60
Technology 1,360 32 6.6 4.6 0 5 17
Total 42,272 100.0 13.4 9.7 0 12 60
Second Certification in a STEM Field

Computer Science 509 1.2 9.5 8.9 1 5 34
Mathematics 1,463 3.5 16.4 12.1 0 13 57
Science 4,999 11.8 16.0 11.2 0 13 60
Technology 816 1.9 6.9 4.6 0 6 18
Total 7,787 18.4 14.7 11.2 0 12 60
(Initial Certification) 18.1 10.8 0 16 60
No Second Certification 34,485 81.6 12.3 9.1 0 11 58

STEM Certified Teachers’ Initial and Second Certification Pathway by Race or Ethnicity

Table 3 shows the distribution of STEM teachers' initial and second certification pathways
by race or ethnicity. While 54.1% (n=36,567) of STEM teachers earned their initial certification
through a Traditional program, this was not always the case by race or ethnicity. Among White
and Hispanic STEM teachers, 59.4% (n=26,824) and 49.3% (n=6,947) respectively completed a
Traditional program to earn the initial certification. In comparison, 55.6% (n=2,961) of Black STEM

teachers completed an Alternative Certification Program (ACP) to earn their initial certification.

Table 3.
STEM Certified Teachers in Texas: Initial and Second Certification Pathway by Race or Ethnicity
Race or Ethnicity
Certification Pathways White Hispanic Black Other Total
Initial Certification
Traditional 26,824 6,947 1,662 1,134 36,567
59.4 49.3 31.2 37.0 54.1
73.4 19.0 4.6 3.1 100
ACP 13,782 6,050 2,961 1,513 24,306
30.5 42.9 55.6 49.4 35.9
56.7 24.9 12.2 6.2 100.0
Post-Bac 4,542 1,091 705 418 6,756
10.1 7.7 13.2 13.6 10.0
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67.2 16.2 10.4 6.2 100.0
Second Certification
Traditional 9,634 1,574 525 277 12,010
21.3 11.2 9.9 9.0 17.8
80.2 13.1 44 2.3 100.0
ACP 1,495 449 183 139 2,266
3.3 3.2 3.4 45 3.4
66.0 19.8 8.1 6.1 100.0
Cert-by-Exam 13,343 3,206 958 794 18,301
29.6 22.8 18.0 259 27.1
72.9 17.5 5.2 4.3 100.0
Post-Bac 424 63 62 18 567
0.9 0.5 1.2 0.6 0.8
74.8 11.1 10.9 32 100.0
Total Second Certification 24,896 5,292 1,728 1,228 33,144
55.1 37.6 324 40.1 49.0
75.1 16.0 5.2 3.7 100
No Second Certification 20,252 8,796 3,600 1,837 34,485
449 62.4 67.6 59.9 51.0
58.7 255 10.4 5.3 100.0
Total 45,148 14,088 5,328 3,065 67,629
100.0 100.0 100.0 100.0 100.0
66.8 20.8 7.9 45 100.0

Note. Entries: n, column%, row%.

Among the 67,629 STEM teachers, slightly less than 50% (n=33,144) completed a second
certification in a STEM field. Of the four certification pathways to the second certification, the
Cert-by-Exam was most prevalent for each race or ethnicity group. The least prevalent pathway
was post-bac, with only 567 teachers consisting of about 75% (n=424) White, followed by 11.1%
(n=63) Hispanic, and 10.9% (n=62) Black.

Of the remaining 34,485 STEM teachers not earning a second certification in another STEM
field, Whites represented 58.7% (n=20,252), followed by Hispanics and Blacks with 25.5%
(n=8,796) and 10.4% (n=3,600), respectively. However, the data paints a different picture when
viewed by the race or ethnicity group. Among Blacks, 67.6% (n=3,600) did not earn a second
certification in another STEM field, followed closely next by Hispanics with 62.4% (n=8,796). In
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comparison, 44.9% (n=20,252) of the White STEM teachers did not seek a second certification in
another STEM field.

Initial and Second Certification Pathways for STEM Teachers

Table 4 shows the distribution of STEM teachers by initial and second certification
pathways and descriptive statistics for the number of years between the start dates of the initial
and next encountered certification in a STEM field, if applicable. The findings illustrated the
varied pathway combinations from the initial to the second certification. The Cert-by-Exam was
the most prevalent pathway to the second certification in another STEM field. This was true,
regardless of whether the teachers’ initial certification was in a non-STEM or STEM field.

Note the certification pathways where the initial and second certification were both post-
bac. The average time interval from the initial to the second certification for teachers was zero
years (SD=0). This implies the post-bac pathway provides teachers with the shortest time interval

to prepare for initial certification and then add a second certification in a STEM field.

Table 4.
STEM Certified Teachers in Texas: Initial and Second Certification Pathways for Non-STEM and STEM
Initial Certifications

Certification and Pathway Distribution Years to Second Certification

Initial Second n Percent Mean SD Min Median Max

Teachers with Initial Certification in non-STEM field

Traditional Traditional 9,874 98.1 0.7 3.1 0 0.0 42
ACP 118 1.2 6.2 4.1 0 6.0 21
Post-Bac 73 0.7 3.3 3.7 0 2.0 15
Traditional ACP 220 12.0 11.3 7.1 0 10.0 32
ACP 1,556 84.8 0.1 0.8 0 0.0 11
Post-Bac 59 3.2 4.2 3.0 0 4.0 11
Traditional Cert-by-Exam 6,542 50.2 6.8 7.6 0 4.0 46
ACP 5,098 39.1 3.8 4.0 0 3.0 32
Post-Bac 1,385 10.6 4.6 4.9 0 3.0 23
Traditional Post-Bac 19 44 0.8 3.2 0 0.0 14
Post-Bac 413 95.6 0.0 0.0 0 0.0 0
Teachers with Initial Certification in STEM Field

Traditional Traditional 1,846 94.9 1.0 3.2 0 0.0 40
ACP 54 2.8 5.4 35 0 5.0 15
Post-Bac 45 23 4.6 3.9 0 4.0 15
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Traditional ACP 32 7.4 10.0 7.6 0 9.5 34
ACP 386 89.6 0.1 0.9 0 0.0 11
Post-Bac 13 3.0 3.2 2.0 1 4.0 7
Traditional Cert-by-Exam 2,045 38.8 6.1 6.8 0 4.0 47
ACP 2,250 42.7 3.3 3.7 0 2.0 24
Post-Bac 981 18.6 4.1 4.6 0 2.0 24
Traditional Post-Bac 1 0.7 2.0 2 2.0

Post-Bac 134 99.3 0.0 0.0 0 0.0 0
Traditional (No Second 15,988 46.4

ACP Certification) 14,844 43.0

Post-Bac 3,653 10.6

Note. Empty cells denote not applicable
Second Certification Pathway for STEM Teachers

Table 5 shows the distributions for the second certification pathways and, for each
pathway, descriptive statistics for the number of years between the start dates of the initial and
next encountered certification in a STEM field, if applicable. The table separately presents the
results for teachers with initial certifications in non-STEM and STEM fields, followed by
combined STEM teachers regardless of when they first certified in a STEM field. As shown earlier,
the Cert-by-Exam (n=18,301) was the most prevalent second certification pathway, however,
these results clearly indicated Cert-by-Exam also had the most considerable time interval of, on
average, 5.1 years (SD=6.1) between initial and second certification in a STEM field. The least
taken pathway to the second certification was Post Bac (n=567) but with the shortest time interval
of, on average, zero years (SD=0.8) between initial and a second certification in a STEM field.
Again, this implies the post-bac provides teachers with the shortest time interval to prepare for
initial certification and then add a second certification in a STEM field.

Table 5.
STEM Certified Teachers in Texas: Second Certification Pathway for Non-STEM and STEM Initial
Certifications

Distribution Years to Second Certification

Second Certification Pathway n Percent Mean SD Min Median Max
Teachers with Initial Certification in the non-STEM field

Traditional 10,065 39.7 0.8 3.1 0 0 42
ACP 1,835 7.2 1.6 4.5 0 0 32
Cert-by-Exam 13,025 51.4 54 6.3 0 3 46
Post-Bac 432 1.7 0.0 0.7 0 0 14
Total 25,357 100.0 3.2 5.6 0 0 46
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Teachers with Initial Certification in STEM Field

Traditional 1,945 4.6 1.2 3.3 0 0 40
ACP 431 1.0 0.9 3.4 0 0 34
Cert-by-Exam 5,276 12.5 45 5.4 0 3 47
Post-Bac 135 0.3 0.0 0.2 0 0 2
Total 7,787 18.4 34 5.1 0 1 47
No Second Certification 34,485 81.6 n/a n/a n/a n/a n/a
All Teachers Certified in a STEM Field, Initial and/or Second Certification
Traditional 12,010 17.8 0.9 3.2 0 0 42
ACP 2,266 34 1.5 4.3 0 0 34
Cert-by-Exam 18,301 27.1 5.1 6.1 0 3 47
Post-Bac 567 0.8 0.0 0.6 0 0 14
Total 33,144 49.0 3.3 5.4 0 1 47
No Second Certification 34,485 51.0 n/a n/a n/a n/a n/a
Discussion

Texas is the second-largest education authority in the US, educating 5.4 million students,
nearly 10% of all students in the US, and employing 67,629 STEM teachers, nearly 17% of the
399,670 educators teaching in Texas public schools. Therefore, understanding most viable
certification pathways to address the minority STEM teacher shortage in Texas also informs the
broader minority STEM teacher shortage in the US (Schmidt et al., 2020).

Research has revealed a minority teacher shortage represented by the longstanding gap
between the percentage of minority students in relation to minority teachers (Ingersoll et al., 2019;
Sutcher et al., 2019). Based on this study’s results, we believe Texas could dispel the minority
teacher shortage gap if parity were achieved among the three major race or ethnicity groups:
White, Black, and Hispanic. To achieve a comparable to the 33.0 students-to-teacher ratios for
Hispanics, Texas would require 86,479 Hispanic STEM teachers to achieve parity with White
STEM teachers in Texas. Similarly, Texas would need an additional 20,775 Black STEM teachers
to achieve parity of Black STEM teachers in Texas. In total, Texas would need to add 96,928 STEM
teachers to the current baseline of 67,629 to achieve parity among the three major ethnic groups
in the 2018-2019 school year.

In the US and Texas, traditional or standard certification (also referred to as traditional
undergraduate program) is the most prevalent pathway to teacher certification (Texas Education
Agency, 2020b). Likewise, this study found 54.1% (n=36,567) of all STEM teachers in Texas earned
initial certification through a Traditional program. By Race or Ethnicity, we discovered fewer
Hispanic STEM teachers 49.3% (n=6,947) than White STEM teachers 59.4% (n=26,824) earned their

initial certification through a traditional pathway. This is important with regards to teacher
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quality in the classroom. Studies situated in Texas illuminate traditional certification pathway
and results. Schmidt et al. (2020) conducted a randomized survey with 2,134 newly certified
teachers from traditional and ACPs and concluded teachers who receive traditional certifications
have higher content preparation than alternatively certified teachers. However, certified teachers
reported higher mathematics scores on college entrance examinations in grades 4-8. Anderson
(2020) used a sample data set of 2,599 novice teachers (i.e., five years or less experience) matched
to student achievement and found students perform better on high school math assessments
when taught by a traditionally certified teacher. Marder et al. (2020) utilized multilevel models to
examine student test score changes from the 2010-2011 to 2017-2018 school years, nested within
classrooms, teachers, and school campuses. They found students enrolled in Algebra I classes
taught by experienced teachers certified through traditional pathways achieved .03 to .05 gains
(in standard deviation units) compared to students taught by alternatively certified teachers.

However, the study also found that 55.6% (n=2,961) of Black STEM teachers completed an
ACP to earn their initial certification. Furthermore, more Blacks (67.6%, n=3,600) and Hispanics
(62.4%, n=8,796) did not earn a second certification in another STEM field in comparison to 44.9%
(n=20,252) of White STEM teachers. Therefore, findings support the notion that higher
percentages of Black (13% vs. 5%), Hispanic (15% vs. 8%) and Multi-Race (32% vs. 22%) teachers
pursue alternative pathways over traditional pathways (National Center for Education Statistics,
2018a).

This finding was not so surprising. Research has shown that many minority teachers who
participate in ACP programs also grew up in large population urban areas compared to their
White peers (Zeichner & Schulte, 2001). The benefits of alternative certification include fewer
course requirements and decreased program completion time for the prospective teacher.
Required to hold a bachelor's degree for program admission, ACP participating teachers are
promoted to field-based teaching experiences sooner than undergraduate students enrolled in a
traditional certification program.

When viewed from a macro-level, alternative licensure programs compensate for teachers'
shortages in certain subjects by qualifying more people to teach in high-needs areas that have
difficulty attracting and retaining teachers. Historically, alternative programs have attracted a
more diverse teacher candidate population than traditional programs (US Department of
Education, Office of Planning, Evaluation and Policy Development, 2016). According to Kelly and
Northrup (2015), the shortage of educators in STEM fields has fueled the popularity and growth
of ACPs. LoCascio et al. (2016) conducted a study in low income urban areas in northeastern New
Jersey and found 45% of novice teachers participating in an ACP identified as minority. Teachers
who use an ACP, however, may feel less prepared. Kee (2012) found first-year teachers with
limited education coursework and field experiences felt less prepared than teachers with more

complete pedagogical preparation.
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Implications and Future Research

This study offers implication for theory, practice, and policy. For theory, the study further
illuminates the need for high-quality, diverse, STEM-certified teachers to improve STEM learning
outcomes and career pathways for all students, including significantly underrepresented
minority students. The results expand the current body of knowledge about certification
pathways for minority STEM teachers and identify a viable option to contribute to the broader
picture of STEM teacher certification and solve STEM teacher shortages.

For practice, this study informs future teachers, current teachers, teacher preparation
programs, and schools and districts. Future teachers and current teachers, as applicable, can
discern and find encouragement in multiple pathways to initial and secondary certifications,
including the transition from non-STEM initial certification to STEM secondary certification.
Furthermore, they might choose to purse ACP as the most viable option. Teacher preparation
programs can educate students about pathways, and schools and districts can promote such
pathways. Policy implications at the state or national levels include identifying ACP as a viable
option and supporting the expansion of this solution.

The study informs future research to address limitations and further examine STEM
minority teacher. This study solely focused on Texas, did not examine student outcomes, and did
not account for socioeconomic settings. We recommend replicating this study for a variety of
states to determine national relevance and application in solving STEM teacher shortages. Future
studies could examine the relationship between performance of minority STEM teachers who
pursued ACP pathways with performance of minority students. In addition to teachers
preparation and pathways, such studies might examine high-poverty, middle-class, and affluent
settings to isolate structural barriers impacting student performance.

This study examined trends in STEM teacher certification by Race or Ethnicity and gender
to address minority teacher shortages in Texas, the second largest education authority in the US.
Results revealed disparities in Race or Ethnicity among STEM teachers that could dispel the
teacher shortage gap if parity were achieved among White, Hispanic, and Black STEM teachers
and identified alternative certification programs as the most viable pathway. Increased
recruitment and retention of minority STEM teachers through this pathway will dissipate the
shortage of STEM teachers. High-quality, diverse, STEM-certified teachers will improve student
learning outcomes and career pathways for all students, including significantly underrepresented
minority students, leading to a highly skilled and diverse STEM workforce and global

competitiveness as a nation.
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Awvailability of Data and Materials

Teacher certification data available from the Public Education Information Management
System (PEIMS) through a public information request via the Texas Education Agency available

at https://tea.texas.gov/about-tea/contact-us/public-information-requests.
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Argumentation is an explicit goal for K12 students in curricular recommendations in
STEM education (K-12 Computer Science Framework [CSF] Steering Committee, 2016; National
Governors Association [NGA] Center for Best Practices & Council of Chief State School [CCSS]
Officers, 2010; Next Generation Science Standards [NGSS] Lead States, 2013). For example, in
science, students may argue by using evidence to explain various phenomena. In engineering,
students may argue to determine the best solution to a design challenge. In mathematics, students
may argue to critique the reasoning of others or to establish a result; and in computer science,
students may argue to describe and justify their computational solutions. These examples
illustrate different goals for argumentation within curriculum recommendations for STEM
education.

Argumentation is also a professional practice that cuts across the STEM disciplines. STEM
professionals will need to be able to proficiently craft multiple arguments with distinct goals. We
highlight how some STEM professions may engage in arguments with different goals. For
example, scientists may need to persuade others in the scientific community that a new
methodology is more reliable and valid in comparison to an accepted standard. Other times
scientists may need to provide argument-driven informative arguments to the public as in the
case of climate change and the COVID-19 pandemic. Mathematicians work together to prove or
disprove mathematical conjectures, such as was the case when Andrew Wiles and other
mathematicians jointly constructed mathematical proofs that ultimately lead to confirming
Fermat’s Last Theorem. These brief examples illustrate just some of the various goals for
argument dialogues: to resolve methodological issues within a scientific community, to exchange
information with the public, or to prove a mathematical conjecture.

Douglas Walton (1998, 2010) theorized how different goals for argument dialogues shape
the nature of argumentative discourse. We reason that Walton's types of argument dialogue are
informative for STEM education, especially for understanding students’ opportunities to learn
how to argue across the STEM disciplines. Our purpose in this study was to operationalize
Walton’s theoretical model for analyzing the types of argument dialogue in which elementary
teachers and students engage when learning STEM content such as mathematics, science, and
coding with robotics.

Our study differs from most previous studies using Walton’s dialogue theory because we
considered both the content of the argument components and their relationship (i.e., the structure
of the arguments). Previous studies privileged the content of the argumentative discourse in
relation to the types of argument dialogue. For example, Rapanta and Christodoulou (2022)
applied Walton’s dialogue theory by examining the content of whole-class discussions led by the
teacher in secondary science and social science classrooms. We built on their study by applying
Walton’s dialogue theory to data gathered in elementary classrooms that considered the content

and structure of the arguments. Furthermore, we were more inclusive in our data analysis
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parameters by including whole-class and small-group discussions with and without the teacher’s
participation. The significance of our study includes the development of a method for
investigating the types of argument dialogue found in natural and authentic settings of
elementary STEM classrooms. This study may be useful to other STEM education researchers
interested in supporting arguments of different kinds as students engage in learning STEM

concepts through argumentation and learning how to argue in STEM.

Theoretical Framework and Related Literature

Collective Argumentation

Argumentation is the process by which individuals construct and critique arguments;
an argument is the product of argumentation (Nussbaum, 2011). In this study, we use the term
collective argumentation when teachers or students make claims and provide evidence and
reasoning to support them in a social setting (Conner et al., 2014; see also Forman et al., 1998;
Krummbheuer, 1995; Whitenack & Knipping, 2002; Yackel, 2002). Other researchers have similarly
described our sense of collective argumentation as collaborative argumentation (Nussbaum,
2008), critical discussions (Keefer et al, 2000), accountable talk (Michaels et al., 2008), and
exploratory talk (Mercer, 2000). Collective argumentation and these other similar classroom-
based discussions have been found to promote students” conceptual understanding of content
(Kim & Hand, 2015; Nussbaum, 2008; Walshaw & Anthony, 2008; Webb et al., 2019).

Toulmin’s Model for Argumentation

Toulmin’s (1958/2003) model for argumentation has been a prominent theoretical framework
for education researchers studying the content and structure of argumentation (Nussbaum, 2011).
Many mathematics and science education scholars have applied Toulmin’s model to analyze
argumentation practices in classrooms (e.g., Cross, 2009; Erduran et al., 2004; Krummheuer, 1995;
Osborne et al., 2004; Yackel, 2002; Zohar & Nemet, 2002). We follow Krummbheuer’s (1995) adaptation
of Toulmin’s model and the work of other mathematics education researchers building on
Krummbheuer’s work (e.g., Forman et al., 1998; Knipping, 2008; Rasmussen et al., 2015; Yackel, 2002).
The core structure of Toulmin’s model includes a statement that is being established (i.e., claim) with
evidence to support the statement (i.e., data), and reasoning justifying the relation of the evidence for
supporting the statement (i.e., warrant). Other argument components in Toulmin’s model include
statements describing the circumstances or conditions under which the warrant may not be valid or
applicable (i.e.,, rebuttals), statements about the authority of the warrant (i.e., backings), and
statements about the certainty of the claim (i.e.,, modal qualifiers). These argument components or
statements are determined from the interactions of the collective and are not predefined by logic or
the contents of the statement (Krummheuer, 1995; Yackel, 2001).
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In this study, extended Toulmin diagrams (See Figure 1; Conner, 2008) framed
our understanding of the content and structure of arguments and the participation of the teacher
and students in the process of collective argumentation. We used extended Toulmin diagrams for
the following reasons. First, extended Toulmin diagrams allow us to signify who contributed
which argument components (claim, data, warrant, etc.) through line style and color. Red solid
lines denote teacher contributions, blue dotted lines denote student contributions, and purple
dot-dash lines denote joint teacher-student contributions. If a warrant is not explicitly stated by a
teacher or her students, then it is inferred from context and stated within a cloud. In fact, Toulmin
(1958/2003) asserted that warrants and backings are often left implicit unless there is an explicit
need for clarity. For example, a mathematics classroom community over time may develop
normative ways of reasoning and members may not provide explicit reasoning (i.e., warrants) for
well-established claims or backings for the permissibility of their warrants (Rasmussen et al.,
2015). Second, extended Toulmin diagrams allow us to signify teacher or student actions
that either directly prompt or respond to argument components. For example, if a teacher restates
a student’s claim, a solid red line oval with the teacher’s restatement would be placed on the
student’s dashed-line blue claim box. Furthermore, the extended Toulmin model allows us to
capture an argument component that performs more than one function, such as a component that
functions as a claim in the beginning of an argument and then as data for a subsequent claim
(Conner, 2008). To attend to these components with more than one function, an extended Toulmin
diagram places the component within one box and labels all functions (e.g., Data/Claim; see
Figure 1). The extended Toulmin model follows Whitenack and Knipping’s (2002) distinction

between Toulmin’s warrants and backings?.

2 We note that backings are almost always implicit within our conceptualization of collective argumentation
because they indicate the relevance of the warrant in the field in which the argument is situated (see also
Toulmin, 1956/2003, p. 95-98).
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Figure 1. Extended Toulmin (1958/2003) Diagram

Note. Adapted from “Expanded Toulmin diagrams: A tool for investigating complex activity in classrooms”
by Conner, 2008, Proceedings of the Joint Meeting of the International Group for the Psychology of Mathematics
Education 32 and the North American Chapter of the International Group for the Psychology of Mathematics
Education XXX, p. 361-368.

Walton'’s Dialogue Theory Model: Types of Argument Dialogue

Walton (1998) defined dialogue as a “framework in which two (or more) parties reason
together with each other by verbal exchanges in order to fulfil a conventionalized goal” (p.6), a
definition we find consistent with our conception of collective argumentation. Walton (2022;
1998) theorized seven types of argument dialogue, which differ in terms of
the initial situation from which the argument arose, the goals of each participant, and the overall
goal of the argument dialogue. Table 1 summarizes these seven types in terms of these criteria. In
addition to these types, Walton and Krabbe (1995) posited the existence of complex dialogue, a
single sequence of dialogue that contained a shift from one type of dialogue to another. These
dialogical shifts occur when the context or topic of the argument changes within the dialogue.
Walton’s types of argument dialogue framed our understanding of students” and teachers’
goals and the goal of the argument dialogue.
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Table 1.
Walton's Types of Argument Dialogue
Type Initial situation Participant’s goal Goal of dialogue
Persuasion Conflict of opinions Persuade other party Resolve or clarify issue
Inquiry Need to have proof Find and verify evidence Prove (disprove) hypothesis
Discovery Find an explanation Find suitable hypothesis Discover best hypothesis
Negotiation Contflict of interests Get what you want most Reasonable settlement
Information- . . . . . .
secking Need Information Acquire or give information Exchange information
Deliberation Practical Choice Coordinate goals/actions Decide best action
Eristic Personal conflict Hit out at opponent Reveal deeper conflict

Note. From “Formal Dialogue Models for Argumentation in Education and Linguistics” by D. Walton, 2022,
Learning, Culture and Social Interaction, Advance online publication.

Toulmin and Walton: Complementary Argumentation Models

Although Toulmin’s model has a different focus from Walton’s model for describing
argumentation, these models are complementary with each other when analyzing classroom-
based collective argumentation (Nussbaum, 2011). At their core, Toulmin’s and Walton’s models
of argumentation both position argumentation as dialectical, meaning one party may put forth
an argument with the other party providing “counterarguments, refutations, elaborations,
questions, and other argument related speech acts to achieve a common purpose” (Nussbaum,
2011, p.87). However, these models seek to describe the argumentation with different grain sizes.
Toulmin’s model considers the microstructure of arguments; by which we mean the model seeks
to describe the content of argument components (e.g., claims or warrants) and distinguish the
relationship (i.e., structure) among argument components. In comparison, Walton’s types of
argument dialogue consider the macrostructure of arguments; by which we mean the model
seeks to describe the normative ways in which individuals participate in argumentation and their
collective goals.

In order to investigate argumentation at the macrostructure level, we faced the challenge

of assessing the teacher’s and students’ participation goals and the goal of the argumentation in
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the moment. Guided by Walton’s (1998; 2010) theory that the contentand structure of
arguments are shaped by the participants’ goals, we used Toulmin’s model for argumentation to
first model the content and structure of the argument and thus consider the arguments-as-
products. Then, using Walton’s model, we inferred participants” goals and classified the dialogue
type and thus considered the arguments-as-process. Toulmin’s model has been used to assess the
content and structure of arguments in classrooms (e.g., Conner et al., 2014; Erduran et al., 2004;
Rasmussen et al., 2015), but, to our knowledge, no one has used Toulmin’s model to assist with
the classification of arguments into Walton’s types of argument dialogue.

Background and Methods

The Professional Development (PD) Project

The larger project from which this study comes focused on increasing the ability and
willingness of elementary teachers to include coding using argumentation into their general
curriculum. It consisted of two cohorts of elementary (grades 3-5, ages 8-10 years) school teachers
(30 teachers total) from suburban and rural schools in the southeastern United States. These
teachers  participated in a one-semester PD  course, which focused on
enhancing teachers’ knowledge of collective argumentation and its application within the context
of STEM learning, increasing teachers’ ability to code robots, and developing teachers” capacity
to use collective argumentation in coding activities integrated with content learning.

The Collective Argumentation Learning and Coding (CALC) framework provided the
structure for the PD course activities and content for teachers (Conner et al., 2021). The CALC
framework includes three elements: teacher support for collective argumentation, choice of tasks,
and coding content. Teacher support for collective argumentation is based on a framework in
mathematics education and conceptualizes support as providing a direct contribution (e.g., a
claim), asking questions to prompt a contribution (e.g., requesting elaboration), or supporting the
contribution in some other way (e.g., restating the claim) (Conner et al., 2014). Choice of task
element includes the content learning goals, whether the intellectual demand of the task is likely
to engage students in higher order reasoning, and the extent to which the task is likely to be
motivating and engaging for students. The coding content element includes common coding
control structures that are likely to be accessible for elementary students. Sample PD content and
activities included having teachers create a set of directions (i.e., pseudocode) to instruct a person
how to complete a task, introduction to various coding control structures and their applications,
and describing the characteristics of argumentation from videos of mathematics and science
instruction.

After the PD course, we followed 10 teachers into their classrooms to support their design
and implementation of lessons using the CALC approach and observed how they engaged
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students in argumentation. The research team observed up to three lessons in each participating

teacher’s classroom.

Study Design and Case Selection

Our qualitative study adapted case study approaches (Stake, 1995; Merriam, 1998) with
an instrumental focus as it tests the application of Walton’s (1998, 2010) dialogue theory to the
phenomenon of argumentation in elementary STEM lessons. We bound the case to episodes of
argumentation in two teachers’” STEM lessons. Our research question was: What types of

argument dialogue are evident in elementary STEM lessons?

Participants and Their Lessons

We chose Sarah and Erica (pseudonyms) for this study because they were the only two
teachers observed teaching lessons that included all three disciplines of mathematics, science, and
coding with robotics. Sarah was a Gifted Resource Specialist who worked with second through
tifth grade students. She had been teaching for over 20 years, her certification was in elementary
education, and she taught all levels from Pre-K to fifth grade over the course of her career. Starting
in the fall of 2018, her school moved to a push-in co-teaching gifted model, wherein Sarah went
into advanced content classes to co-teach with the general classroom teacher. Sarah’s school
classified this model as Advanced STEAM (Science, Technology, Engineering, Arts, and
Mathematics) Inquiry Project-Based Learning; the content Sarah taught was dependent on where
the students were in their inquiry-based units.

Sarah's first lesson was a coding-focused lesson with a basis in the engineering design
process. Her second was a mathematics lesson on equivalent representations of decimals and
fractions. Her third was a science lesson about surface features on Mars. All three lessons
involved a coding component, with the first and second lessons involving a greater emphasis on
coding than the third.

Erica was an early career teacher with 6 years of teaching experience; 2 years as an
elementary STEM teacher for kindergarten through fifth grade students and 4 years as a fourth-
grade teacher. Her certification was in elementary education. In fall of 2019, Erica taught fourth-
grade students. She described several of her students as advanced in STEM content areas,
meaning they were above grade level in content knowledge.

Erica’s first lesson was a science lesson focused on simple machines. Her second lesson
was a mathematics lesson about scale factors and polygons. Her third lesson was a mathematics
lesson about the relationships between distance, time, and speed. All three lessons involved a
coding component, with the second and third lessons involving a greater emphasis on coding
than the first.
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Table 2.
Owerview of Teachers’ Lessons
Teacher Lesson  Goal(s) Instructional Video
Days Recordings
[hh:mm]
Sarah 1 Students will use proportional reasoning 2 01:42
to determine the time delay for a robot
traveling 6, 12, and 24 inches.
2 Students will move flexibly among 1 01:35
equivalent representations of fractions
and decimals and identify ways to
shorten coding sequences using
mathematical structure.
3 Students will apply their understanding 2a 01:46
of surface features on Earth to make
predictions about what caused the
surface features on Mars.
Erica 1 Students will design and create Rube 1 09:30
Goldberg machines and identify at least
three different simple machines in their
design.
2 Students will create a coding sequence 1 06:30
for a robot to travel the perimeter of a
polygon and similar polygon.
3 Students will understand the 2 07:16

relationship between speed, time, and
distance by holding one parameter
constant, varying another parameter,
and then measuring the outcome of the
third parameter.

Note. aResearch team was unable to observe the second instructional day for this lesson.

Data Collection

As part of the PD project, we video recorded three STEM lessons in each of Sarah’s and

Erica’s classrooms. At least two members of the research team videotaped each of the lessons.

One camera was used to record the teacher’s actions and at least one other camera was used to

record small group interactions. This resulted in approximately 5 hours of video recordings from

Sarah’s lessons and 23 hours of video recordings Erica’s lessons to be used for data analysis. There

were considerably more hours of video recording from Erica’s lessons because multiple cameras

focused on small groups of students during Erica’s lessons, which also extended over several

hours. A research team member collected the tasks and handouts used during the lessons.

ISSN: 2149-8504 (online)

87

© I-STEM 2015-2022, j-stem.net



I I NN I I I D I NN I D I NN I D
Journal of Research in STEM Education ' -
Vol 8 No 2, December 2022, 79-110 J L

Foster et al.

Data Analysis
Reduction of the Data for Analysis

At least two members of the research team, one of whom observed and video recorded
the lesson, identified and transcribed potential episodes of collective argumentation focused on
mathematics, science, or coding content. An episode of argumentation at minimum included a
student or teacher making a claim with data and warrant accompanying it, with recognition that
sometimes the warrant could be implicit (Toulmin, 1958/2003). We extended the episode if a
teacher or student continued the argument by building from a previous argument component.
We ended the episode if the collective’s data, claim, and warrant did not build on a previous
argument component. We were inclusive in our analysis of arguments by including instances
when a teacher or student attempted to make a mathematical, scientific, or coding-related claim.
We did not limit our analysis to arguments that were deemed mathematically or scientifically
correct by our expert opinion. We excluded arguments that were quarrels or “a kind of angry or
adversarial verbal exchange based on a conflict between two parties” (Walton, 1998, p. 178). This
kind of dialogue is characterized by Walton as eristic. We excluded eristic dialogues because this
type of verbal exchange falls outside our definition of collective argumentation and is not
included in reform-oriented standards for argumentation in STEM education (CCSS, 2010; K-12
CSF Steering Committee, 2016; NGSS, 2013).

Next, the team met together to reach consensus regarding if the identified episodes
included collective argumentation, excluding episodes that did not meet our criteria. We
identified 57 (approximately 74 minutes) and 37 (approximately 50 minutes) episodes of
argumentation from Sarah’s and Erica’s lessons, respectively. As part of the larger research study,
we randomly selected episodes to obtain at least 5 minutes of small-group arguments and 10
minutes of whole-class arguments for each teacher observed. This random selection was done
iteratively. We kept randomly selecting episodes until each threshold was met. We decided to
limit the data by random selection to provide a balanced and representative selection of episodes

of collective argumentation across all the teachers observed as part of the larger research study.

Creation of Extended Toulmin Models and Transcripts

To represent the content and structure of the collective argumentation in the lessons, we
created extended Toulmin’s (1958/2003) diagrams for each episode of collective argumentation
(as described in Conner, 2008; See Figure 1). A subgroup of at least two research team members
watched the episodes of argumentation and examined tasks used in the lesson, enriched the
transcripts with teacher’s and students’ gestures, and developed extended Toulmin diagrams. If
the subgroup could not reach consensus on the Toulmin model for an episode, then the subgroup

would ask members of the research team that observed and video recorded the lesson for their
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input on the context of the episode and their interpretation of the argument’s structure. The
research team met until consensus was reached on the extended Toulmin models for each
episode. These extended Toulmin diagrams and annotated transcripts were our primary data

source for this study.

Interpretation of the Argument Dialogue from the Extended Toulmin Model and Transcripts

To analyze the types of argument dialogue in the lessons, we began examining the content
and structure of the extended Toulmin models and transcripts to categorize each episode of
collective argumentation into one of Walton’s seven dialogue types by using an adapted version
of a decision tree to determine the type of argument dialogue (Walton & Krabbe, 1995, p. 81). In
the original decision tree by Walton and Krabbe, discovery dialogue was not included. Discovery
dialogue was proposed by McBurney and Parsons (2001) as an additional type of argument
dialogue. Walton (2019) accepted discovery dialogue as a new type of argument dialogue and
agreed with McBurney and Parsons’s distinction between inquiry and discovery dialogues. In an
inquiry dialogue, the statement to be proved true is set at the beginning of the dialogue, whereas
in discovery dialogue, the truth of a statement only emerges during the dialogue. Therefore, there
is no statement set early on to be proven or disproven in a discovery dialogue. Other educational
researchers (Macagno, 2022; Rapanta & Christodoulou, 2022) have also taken up this distinction
between inquiry and discovery argument dialogues. We added the question “Is the aim to prove
or disprove?” to our adapted tree to distinguish between inquiry and discovery dialogues (see
Figure 2).

As an example of applying our adapted decision tree, when determining if there was
conflict during the argumentation episode, we looked at structural features within the extended
Toulmin models that may suggest conflict, such as rebuttals or competing claims. In the Findings
section, we explicate how we used the decision tree in Figure 2 to interpret the extended Toulmin
models to identify the type of argument dialogue. We also describe general trends between the
extended Toulmin models and argument dialogue types.

To confirm our interpretation of the argument dialogue type based on the extended
Toulmin models, we triangulated our interpretation by going back to the annotated transcripts
or video recording to identify confirming or disconfirming evidence of the initial situation,
teacher’s and students’ goals, and the goal of the dialogue for our interpretation of the dialogue
type as recommended by Walton and Krabbe (1995). At least two research team members met to
discuss their classification with evidence. If consensus could not be reached among the subgroup,
the episode of argumentation was brought to the entire research group and was discussed until

consensus was reached.
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Figure 2. Decision Tree for Classifying the Type of Argument Dialogue

Note. Adapted from Commitment in dialogue: Basic concepts of interpersonal reasoning by D. Walton and E. C.
Krabbe, 1995, p. 81, SUNY Press.

Findings

We begin by providing an overview of the types of argument dialogue across the three
lessons in each of Sarah’s and Erica’s classrooms. We then present illustrative argumentation
episodes for each dialogue type that we found in these elementary STEM lessons to answer the
question of what types of arguments were evident in elementary STEM lessons. Our purpose in
presenting these episodes is to demonstrate how formal models of argumentation theory
(Toulmin and Walton) can be applied to model the argumentation in elementary classrooms. We
also use these illustrative episodes to highlight the content, structure, and dialogue goals within

a specific argument dialogue and summarize argument diagram trends across dialogue types.
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Sarah’s and Erica’s Enactment of Argumentation and Types of Argument Dialogue

We randomly selected 26 and 21 episodes of argumentation from Sarah’s and Erica’s three
lessons, respectively, for a total of 47 episodes of argumentation. Two of the episodes included a
dialogical shift between argument dialogue types and thus we analyzed a total of 49 argument
dialogues (See Table 3). A total of 5 episodes were chosen where the primary focus of the dialogue
was coding, 21 episodes were chosen with a primary focus of mathematics, and 25 episodes were
chosen with a primary focus of science practices.

The majority of the 49 argument dialogues were either information-seeking (17, 35%) or
deliberation (14, 29%). These types of argument dialogue appeared in arguments when the
contents focused on mathematics, science, or coding. Also appearing in the data with some
frequencies were persuasion (7, 14%) and discovery (7, 14%) argument dialogues. Persuasion and
discovery argument dialogues were only evident when the content of the argument centered on
mathematics and science. To an even lesser extent, negotiation and inquiry argument dialogues
were evident in the data. There were two negotiation argument dialogues in Erica’s science
lesson. One inquiry argument dialogue was found in each of Sarah’s and Erica’s lessons with the
content of the argument focused on mathematics. There were no eristic argument dialogues

because we excluded these types of dialogues from analysis.

Table 3.
Argument Classifications by Teacher and Disciplinary Focus
Sarah’s argument dialogues Erica’s argument dialogues
Walton’s Types of

Coding Math Science Coding Math Science Total
Argument Dialogue
focused focused focused focused focused focused

Persuasion 0 2 1 0 1 3 7
Negotiation 0 0 0 0 0 2 2
Eristic 0 0 0 0 0 0 0
Information-seeking 2 3 8 0 3 1 17
Deliberation 1 5 1 2 1 4 14
Inquiry 0 1 0 0 1 0 2
Discovery 0 0 2 0 4 1 7
Total 3 11 12 2 10 11 49

Note. The information in this table is intended to give a descriptive summary of the nature of argument
dialogues in the data. A comparison of the number of argument dialogues across teachers or disciplines is
not appropriate because these numbers do not provide a complete representation of the arguments across
Erica’s and Sarah’s lessons. The order of the types of dialogues in the table mirrors the order in the findings.
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A Persuasion Argument

This first illustrative episode of argumentation (diagrammed in Figure 3) is a persuasion
type of argument dialogue. It comes from Erica’s first lesson during a small-group interaction
with Erica present. The students were working on a portion of their Rube Goldberg machine,
which was supposed to move a ball into a box (Data 3.2). Prior to the episode, students
unsuccessfully tested their machine (Data 3.1). Erica came over after the testing and asked the
students how the test went (Support 3.3), prompting this argument. One student claimed they
need to shorten the string tying the ball to their robot (Data/Claim 3.1), and another student
thought they needed to make the string longer (Data/Claim 3.2).

We used our adapted decision tree (

) to aid our inference for the dialogue type classification. First, we considered whether there were
any potential conflicts in the given argument, referring specifically to conflicting points of view
(Walton & Krabbe, 1995). In our extended Toulmin models, we observed a conflict is often
represented with competing claims, counterclaims, or rebuttals. Figure 3 included a set of
counterclaims (Data/Claims 3.3 and 3.4) and a rebuttal (Rebuttal 3.1). Therefore, our analysis
concluded that there were potential conflicts in this episode of argumentation. One conflict
arising early in the argument was the disagreement about whether a shorter or longer string will
solve the students’ design issues (Data/Claim 3.3 and Data/Claim 3.5). We determined that
resolution was the overall goal because each student was trying to convince Erica and the other
student that their claims were correct (Warrants 3.1 and 3.2). However, resolution was not
reached because neither student successfully convinced the other of their point of view, as
evidenced by the two parallel claims at the end of the argument (Claim 3.6 and Claim 3.8).
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Figure 3. Extended Toulmin Diagram of a Persuasion Argument Dialogue

Note. Numbers in the diagram correspond to references in text. This argument continues in Figure 4.

To check the validity of this finding, we compared this argument with Table 1, which
gives the criteria for each type of dialogue according to Walton’s classification. In persuasion
dialogue, the initial situation should be a conflict of opinions, which fits with this argument
because the initial situation was a disagreement about whether a shorter or longer string would
work better. The participant’s goals should be to persuade the other party, which is true here: The
students were seeking to convince Erica and each other. The overall goal of the dialogue should

be to resolve or clarify the issue. As stated previously, while resolution was not reached in this
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episode, we determined that resolution was a goal. The episode of argumentation depicted in

Error! Reference source not found., therefore, met the all the criteria for persuasion dialogue.

A Negotiation Arqument

Our second illustrative example is a direct continuation of the previous persuasion
argument dialogue example, with two of the final claims in Error! Reference source not found.
(Claims 3.9 and 3.11) corresponding to the initial data in Error! Reference source not found. (Data
4.1 and 4.2). At the beginning of this episode, the small group had reached an impasse, with
neither side able to convince the other of their perspective as evidenced by the two parallel pieces
of data (Data 4.1 and 4.2). Erica prompted the students to think about how they could proceed
despite this impasse (Support 4.1). Eventually, the students decided they could test both shorter
and longer string on their machine to see which one would work better (Claim 4.1).

This episode still involved conflict because no resolution was reached previously.
However, resolution is no longer the goal of the dialogue because neither side is attempting to
persuade anymore. Walton and Krabbe (1995) elaborated that a settlement is a way of “finding a
compromise that will be attractive to both parties” (p. 72). Using this elaboration, we concluded
that the goal of this episode was settlement because Erica prompted students to think about what
they could do to move forward with their machine design and students came to decide they could
try both options.

Erica’s support for argumentation instigated this dialogical shift. She questioned how they
could proceed despite their disagreement (Support 4.1), prompting the students to look for a
compromise instead of remaining fixated on convincing one another that their idea was correct
(Claim 4.1). She affirmed their decision to try both suggestions (Supports 4.2 and 4.3). When one
student tried to suggest they would only try a longer string if a shorter one didn’t work (Support
4.4), she reminded them of their compromise (Support 4.5) and helped students articulate why
trying both was a good idea (Warrant 4.1).

We again compared our understanding of the episode of argumentation to the criteria in
Table 1 to validate our finding. A negotiation dialogue should have a conflict of interest as the
initial situation, and in this episode the conflict is still the disagreement about what length string
to use. The goal of the dialogue should be reasonable settlement, and participants” individual
goals should be getting what they want most. In this case, the students wanted to try their idea,
so the reasonable settlement that gives them each what they want most is the decision to try both

lengths. This episode therefore met all the criteria for negotiation dialogue.
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Figure 4. Extended Toulmin Diagram of a Negotiation Argument Dialogue

Note. Numbers in the diagram correspond to references in text. This argument dialogue is a continuation
of the dialogue diagramed in Figure 3.

An Information-seeking Argument

The third episode of argumentation (diagrammed in Figure 5) is an example of an
information-seeking type of argument dialogue. It comes from Sarah’s second lesson during a
small-group interaction with Sarah present. The students were tasked with developing a coding
sequence that would program a robot to travel around a meter square such that the area enclosed
by the robot’s path of travel would be six-tenths of the meter square. Students were given a meter

square partitioned into 10 equal sized pieces (See Data 5.1 in Figure 5).
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Figure 5. Extended Toulmin Diagram of an Information-Seeking Argument Dialogue
Note. Numbers in the diagram correspond to references in text.

In our analysis of this episode, there does not appear to be any conflicts as evidenced by
a lack of competing claims, counterclaims, or rebuttals in the extended Toulmin’s model (Figure
5). As in the previous episodes of persuasion and negotiation types of argument dialogue, a
conflict can be represented with competing claims, counterclaims, or rebuttals in an extended
Toulmin model. Within this episode, there is a lack of a common problem or task to be solved
because students and Sarah were still exchanging relevant information to support students in
solving the ultimate task of programming the robot. If they were solving the task, then there
would have been evidence in students” or Sarah’s claims about the time delay for 10 centimeter
and the coding structure for the robot. During this episode, the students and Sarah were focused
on the lengths of sections from meter square, which were relevant to solving the task, but they
had not yet focused on the time delay necessary for completing the task as evident in Sarah’s
initial prompt, “Now you need to figure out a code then — a delay — that will get you 10

centimeters” (Data 5.2 in Figure 5).
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Again, we compared our understanding of the episode of argumentation to the criteria in
Table 1 to validate our finding. There was an unstated need of information at the beginning of
the episode. Prior to the episode, students determined that one-tenth of a meter was
approximately 4 inches. Upon hearing the students were measuring in inches, Sarah asked
students to measure in centimeters. Sarah’s request for centimeters prompted a need for new
measurements for students. The goal of the argument dialogue was to exchange information.
Sarah provided information not known to the group; the students did not know that one-tenth of
a meter was 10 centimeters. When Sarah stated to students that they should be working in
centimeters, students began trying to determine the length of one-tenth of a meter by using a
ruler. Upon seeing and hearing students discussing their measurements, Sarah provided new
information (Data 5.2 in Figure 5). Students also provided information to Sarah that six tens
would be 60 centimeters (Claim 5.1 in Figure 5) at Sarah’s request (Support 5.1 in Figure 5).
Therefore, Sarah sought to give students information that one-tenth of a meter was 10 centimeters

and acquired information from students that six-tenths of a meter was 60 centimeters.

A Deliberation Argument

Our next episode of argumentation is an illustration of deliberation type of argument
dialogue. This episode comes from Erica’s second lesson. In the episode, a small group of students
were attempting to program their robot to travel forward a certain distance and then turn around
and come back to the starting distance (Data 6.1). Erica was not present during this interaction. A
student claimed the robot needed to turn 180 degrees (Data/Claim 6.1) with reasoning to support
the claim by simulating two turns of 90 degrees (Warrant 6.1). A second student questioned
whether the turn would be 80 degrees (Support 6.1). A third student misspoke that the turn would
be 80 degrees but corrected to confirm the turn is 180 degrees (Support 6.2). As the first student
attempted to change the code, they realized that program does not support input values not in
the range of -128 to 127 (Data/Claim 6.2 and Warrant 6.2). The students decided to use two lines
of code for turning (Claim 6.3 and Support 6.3) because two turns of 90 degrees is a turn of 180
degrees (Warrant 6.3) and meets the constraints of the programming language (Data/Claim 6.2
and Warrant 6.2)

Deliberation dialogue is not adversarial like persuasion dialogues; it is a collaborative
dialogue that seeks to solve a practical problem or issue (Walton, 1998). As shown in the diagram
(Figure 6), there is no evidence of conflicts (that is, there are no competing claims, counterclaims,
or rebuttals). However, diagrams classified as deliberation dialogues may still have these
structural elements. As Walton (1998) stated, “In many, but not all, cases of deliberation, there is
a conflict between two possible courses of action, and a choice needs to be made between them”
(p. 151). Deliberation dialogues are distinguished from information-seeking dialogues in that
deliberation dialogues seek to solve a common problem. As evident in the content of Data/Claim
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6.2 and Warrant 6.2, the students encountered a problem when the programming language for
the robot would not accept numeric values greater than 127. This problem was not a theoretical
problem, but it was a practical limitation of the programming language that the students did not
expect. A student offered a potential solution by modifying their code to have the robot turn 90

degrees twice to complete the 180-degree turn needed to return to the starting point.

Figure 6. Extended Toulmin Diagram of a Deliberation Argument Dialogue
Note. Numbers in the diagram correspond to references in text.

In summary, the students encountered an initial dilemma when the programming
language would not accept their original input of 180-degree turn (Data/Claim 6.2). Together, the
students had a set goal of making the robot turn around to come back, which they agreed was a
180-degree turn (Data/Claim 6.1; Supports 6.1 and 6.2). When facing the dilemma of how to turn
180 degrees given the limitations on the numerical value inputs in the programming language, a
student offered a potential solution with their reasoning (Claim 6.3 and Warrant 6.3). Collectively,
the group agreed this was the best course of action to take given these limitations (Support 6.3).
Therefore, the argument met the validation for our finding of this deliberation dialogue with
Table 1.

An Inquiry Arqument

Our illustrative example of inquiry dialogue comes from a whole class discussion during
Erica’s third lesson. At this point in the lesson, students had collected data individually about
how far their robot could travel in 5 seconds at different speeds, and they had graphed each
group’s data on the board. Prior to the start of this episode, Erica asked students to describe the
relationship between speed and distance. One student suggested that the relationship between

speed and distance at a constant time was similar to the relationship between time and distance
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at a constant speed (Claim 7.1), which they had discussed as a class the previous day (Data 7.2).
As a group, the students used their previous discussion and data (Data 7.1 & 7.3) to elaborate that
speed and time both affect distance, and specifically, an increase in the robot’s speed will cause
it to go further (Data/Warrant/Claim 7.2). Erica then asked the rest of the class to consider whether
their data supported that claim (Support 7.7), directing their attention to the graph on the board
(Support 7.8). The class agreed (Claim 7.3), and with additional prompting from Erica (Supports
7.9,7.10, & 7.11), they decided that the fact that their distance got farther every time their speed
got faster (Warrant 7.3) meant that their data supported the original student claim.

Figure 7. Extended Toulmin Diagram of an Inquiry Argument Dialogue
Note. Numbers in the diagram correspond to references in text.

To categorize this argument dialogue, we first concluded that there was no conflict in this
episode in the sense that Walton intended, which eliminated persuasion, negotiation, and eristic
dialogues. Next, we had to determine whether there was a common problem to be solved. The
common problem was the relationship between speed and distance that the students were
exploring. This common problem meant that this could not be an information-seeking dialogue.
In this episode, students were not searching for a course of action to pursue, so we decided that

this problem was a theoretical one, which meant this dialogue could be either inquiry or
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discovery. The distinction between these two types is particularly subtle, with discovery dialogue
seeking to develop a hypothesis or proposition, while inquiry dialogue seeks prove or disprove
a proposition. In this case, a student put forward a hypothesis (Data/Warrant/Claim 7.2) and the
rest of the class evaluated the validity of this claim (Claim 7.3 and Warrant 7.3). We therefore
decided the goal of the dialogue was to prove or disprove, which made this episode of
argumentation an inquiry argument dialogue.

As a validity check of our decision of inquiry, we checked the initial situation,
participant’s goal, goal of dialogue for discovery in Table 1. We concluded that the initial situation
for this episode was that students needed to prove the relationship between speed and distance
using the evidence they collected with their robots., which fit with the initial situation given for
inquiry dialogue. The goal for each participant and goal of the dialogue was to find and verify
evidence to prove their hypothesis, which can be seen with Erica’s support (Support 7.7) and the

final claim (Claim 7.3). These goals matched those from Table 1 for inquiry.

A Discovery Argument

The final episode is the argument dialogue type of discovery, which is diagrammed in

. In this episode, a small group of students, without Sarah’s presence, were analyzing a
given photograph of Mars. They were tasked with making and justifying claims about the
potential causes of the surface features on their photo of Mars. One student put forth the idea that
the surface feature could have been caused by water (Claim 8.1). Another student suggested a
potential justification for this idea (Warrant 8.1), saying that the pattern on the surface looked like
bubbles, and the first student agreed with this reasoning and elaborated on it (Warrant 8.1 and
Support 8.1).
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Figure 8. Extended Toulmin Diagram of a Discovery Argument Dialogue

Note. Numbers in the diagram correspond to references in text.

In this episode, multiple students contributed to the argument without resulting in any
counterclaims or rebuttals, which suggests that there was no conflict of opinions. There was a
common problem, as evidenced by the question in the initial data (Data 8.1) and the collaborative
creation of the claim and warrant. Since the common problem is not one with an actionable
solution, it fit the definition for a theoretical problem. This brought us to the last two types of
dialogue, discovery and inquiry. From

, in inquiry dialogue the goal is to prove or disprove a particular proposition, such as the
student claim (Data/Warrant/Claim 7.2) in the previous example. In this argument, there was no
expectation to prove or disprove anything. The students were instead attempting to make sense
of information given to them (i.e., photographs of Mars’ surface). This led us to classify this
argument as discovery dialogue.

As a final validity check of our decision of discovery, we checked the initial situation,
participant’s goal, goal of dialogue for discovery in Table 1. We concluded that the initial situation

for this episode was that students needed to find an explanation for what caused the surface
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features on Mars, which fit with the initial situation given for discovery dialogue, to find an
explanation. The goal for each participant was to find and defend their ideas for what caused the
surface features, and the overall goal of the dialogue was to choose the best idea on what caused
the surface feature. These goals matched those from the table for discover, which were to find a

suitable hypothesis and discover the best hypothesis, respectively.

Discussion

We examined the applicability of Walton’s (1998, 2010) types of argument dialogue for
describing episodes of argumentation in elementary STEM lessons. Across six lessons with
different STEM foci, we transcribed and diagrammed 47 episodes of argumentation using the
extended Toulmin’s (1958/2003; Conner, 2008) model. Then, we classified the episodes using
Walton’s types of argument dialogue. We determined that two episodes of argumentation
contained a dialogic shift, and so our final analysis consisted of 49 argument dialogues. We found
that the two US elementary teachers and their students engaged in six of the seven dialogue types:
deliberation, discovery, information-seeking, inquiry, negotiation, and persuasion argument
dialogues. We did not find evidence of eristic dialogues because we excluded episodes of
argumentation that were purely student quarrels. The results extend previous findings that only
identified a subset of these types of argument dialogue (information-seeking, discovery, inquiry,
and persuasion) in secondary science and social science classrooms (Rapanta & Christodoulou,
2022). Our results also extend previous findings by revealing elementary students can engage in
some of these argument dialogues without the teacher directly facilitating the argumentation (see

argument diagrams in Figures 6 and 8).

Types of Argument Dialogue in the STEM Lessons

Our study provides initial insights into the types of argument dialogue present in
elementary STEM lessons. The most common type of argument dialogue we identified was
information-seeking, followed closely by deliberation. Excluding eristic dialogue, the two least
common types were negotiation and inquiry. There could be various reasons for these different
frequencies in argument dialogue outcomes: students’ knowledge and beliefs about STEM
disciplinary practices (Baytelman et al.,, 2020; Nussbaum et al., 2008), teacher’s role in the
argument dialogue or their beliefs about argumentation discourse (Conner & Singletary, 2021;
Walshaw & Anthony, 2008), or the nature of the instructional task (Felton et al., 2009, 2015;
Gilabert et al., 2013).

Overall, few of the arguments in our data were initially adversarial (i.e., persuasion,
negotiation, and eristics; see left branch of Figure 2). Most of them were collaborative in nature
(i.e., information-seeking, deliberation, inquiry, and discovery; see right branch of Figure 2).

Some researchers contend that argument dialogues with an initial adversarial situation are not
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supportive of building knowledge or learning STEM concepts (e.g., Felton et al., 2015). They
recommend teachers promote argument dialogues that are more collaborative and cooperative.
Other scholars are more inclusive in their assessment of argument dialogue types for building
knowledge (e.g., Aberdein, 2020; Rapanta, 2018). For example, Rapanta (2018) posited that
persuasion dialogue types, along with information-seeking, discovery, and inquiry dialogues,
have pedagogical potential for students to critically examine each other’s ideas. Comparably,
Aberdein (2020) was even more inclusive of the argument dialogue types that mathematicians
engage in to build knowledge: inquiry, persuasion, information-seeking, deliberation, and
negotiation. We recognize that argumentation is important for students to develop their
understanding of STEM concepts, but our study is unable to clarify if certain types of argument

dialogue are more productive for learning STEM concepts.

Learning to Argue in STEM

Both arguing to learn STEM concepts and learning to argue are important in STEM
education (Staples & Newton, 2016; von Aufschnaiter et al., 2008). While the nature of our data
does not allow for claims about which types of argument dialogue are productive for building
STEM knowledge in elementary classrooms, our illustrations and descriptions of the argument
dialogues may provide insights about learning to argue in STEM for researchers and teachers.

First, we contend these opportunities to learn to argue within various argument dialogues
are vital for preparing a future STEM workforce. If students are limited in their opportunities to
learn to argue within certain dialogue types, then they could be ill equipped for their STEM
profession. For example, Gainsburg et al. (2016) noted that persuasion is not often a goal of
engineer’s arguments. They noted that engineers often make use of their knowledge of scientific
and mathematical models to deliberate between potential design solutions to a problem. Future
engineers with limited opportunities to develop their understandings of how to engage in
deliberation argument dialogues but many opportunities to develop their understanding of
persuasion argument dialogues may not be prepared to engage in the kind of argumentation
needed for their role.

Second, the study provides evidence that elementary students can engage in
argumentation for multiple purposes. The students in Sarah’s and Erica’s classrooms attempted
to persuade classmates about design solutions for a simple machine, negotiated a plan to test
designs for simple machines, used information about the relationship between centimeters and
meters to develop reasoned based claims, deliberated how to modify their coding sequence given
input restrictions in the programming language, used data to prove their conjectures about the
relationship between speed and distance, and developed reasonable hypothesizes about what
caused surface features on Mars. They were able to engage in multiple types of argument
dialogue. It is, however, unknown if this is comparable for other students in the US and around
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the world. Future research may extend our findings to other contexts to determine if other
teachers provide similar experiences to engage in different types of argument dialogue during
STEM instruction.

Contributions to Arqumentation Theory and Research

Toulmin and Walton did not develop their models for argumentation for educational
research purposes. Still, Toulmin’s model has been productive for educational researchers
wanting to describe the structure and content of arguments in classrooms (Nussbaum, 2011). In
comparison, Walton’s model for argumentation has not been taken up to the same extent as
Toulmin’s; even though there are researchers who have advocated for Walton’s model or have
applied parts of his theory for educational research (e.g., Felton et al., 2015; Mextaxas et al., 2016;
Nussbaum, 2011; Ozdem et al., 2013; Rapanta, 2018; Rapanta & Christodoulou, 2022). Walton
(2022) acknowledged that authentic linguistic data from education contexts are important sites
for testing and building upon formal argumentation models. In our study of the argumentative
discourse in two elementary teacher’s STEM lessons, we did not find a need to expand or modify
Walton’s theory of argument dialogues to be able to accurately describe the nature of the
argumentation. When viewed alongside studies such as that of Rapanta and Christodoulou
(2022), which applied a modified version of Walton’s theory to a secondary science context, our
findings support the idea that Walton’s types of argument dialogue is applicable for modeling
argumentation in educational contexts. Our study specifically identified examples, not yet
described by others, of the negotiation argument dialogue type in a STEM educational context.

Our method of analysis contributes to classroom-based argumentation research by
coordinating two argumentation models. Argumentation models can serve various purposes.
Toulmin’s model describes the structure and content of arguments. Walton’s types of argument
dialogue describe the ways in which people tend to argue. Our method of analysis brought these
two purposes together. In the moment of argumentation, educational researchers are not able to
probe a teacher’s or students” goals. However, researchers are often able to capture the contents
of the dialogue with audio and video recordings. From these recordings, researchers have used
Toulmin models to describe the content and structure of arguments. Building on Walton’s claim
that the content and structure of arguments are shaped by participants’ goals, we drew on the
content and structure in Toulmin’s models to make inferences about participants” goals and thus
describe a type of argument dialogue. To our knowledge, no one has coordinated Toulmin’s
model for argumentation and Walton’s types of argument dialogue for research in this manner,
although Kolste and Ratcliffe (2007) suggested such a coordination as promising for research and
teacher education. Our combining of Walton’s types of argument dialogue with Toulmin’s model
expands the analytical power of Toulmin’s models for STEM education researchers to not only
be able to describe the content and structure of the argument but also be able to describe the
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nature of the argumentation (i.e., the initial situation, participants’ goals, and the goal of the
argument dialogue).

We believe coordinating argumentation models can enrich our understanding of the
nature of argumentation in STEM classrooms. Other scholars, Macagno et al., (2015), Metaxas et
al. (2016), and Ozdem et al. (2013), coordinated Toulmin’s model for argumentation and Walton’s
argumentation schemes, which are classifications for the patterns of reasoning found in warrants
and backings (e.g., justifying a claim based on an expert’s opinion). Note that Walton’s
argumentation schemes are different from Walton’s types of argument dialogue. Like these
scholars, we found the combined perspective of Toulmin and Walton offers a systematic way for

researchers to examine the nature of argumentation in often-messy classroom interactions.

Contribution to Practice

The purpose of argumentation is often cast as to persuade others (Meiland, 1989).
Walton’s types of argument dialogue provide a more holistic description of the varying nature of
goals for argumentation and is more aligned to what have been described in the field of STEM
education. Providing teachers with Walton’s types of argument dialogue may be productive in
supporting them to think about the kinds of argumentation in which they want to engage their
students. The examples in this paper provide teachers and teacher educators illustrations for each
of Walton’'s types of argument dialogue and exemplify features we found typical of these types
of argument dialogue. While we do not claim these arguments are ideal or should be replicated
in classrooms, these examples do illustrate the distinguishing features of the types of argument
dialogue within a context with which elementary teachers may identify.

Furthermore, combining the extended Toulmin models and Walton’s model for argument
dialogues may reveal ways in which teachers support students” engagement in certain types of
argument dialogue during dialogical shifts. Recall, Erica’s supportive actions (Support 4.1-4.3;
4.5) were significant in shifting the persuasion argument dialogue (Figure 3) to one of negotiation
(Figure 4). Analyzing teachers” supportive actions during dialogical shifts may illuminate ways
teachers support students’ engagement with specific dialogue types. Cataloguing and describing
these supportive actions may assist teachers in planning and guiding students in learning how to

argue and arguing to learn in STEM.

Conclusion

We believe all students need opportunities to engage in a variety of argument dialogues
across the STEM disciplines. Whether proving a hypothesis (inquiry), deciding on the best
available course of action (deliberation), or resolving an issue to persuade another party
(persuasion), students’ engagement in these types of argument dialogue (and others) create

different opportunities to learn through disciplinary-based argumentative discourse. If students
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are given opportunities to develop their argumentative practice with only a subset of argument
dialogues, then they could be ill-prepared for the complexities of argumentation in the STEM
disciplines. Our approach of applying Walton’s dialogue theory to extended Toulmin models
facilitates a systematic way to investigate the content, structure, and opportunities for various

goals of argumentation across STEM disciplines.
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