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ABSTRACT

This study investigates geometry teachers’ evaluations of problems that use visual arts contexts. We
ask, how do teachers’ evaluations relate to the four arguments justifying the geometry course? and How do teachers
draw on the APPRAISAL system to evaluate sample geometry problems from textbooks? Nine high school
teachers were convened in three focus groups. We analyzed the teachers’ discussions using systemic
functional linguistics and identified 676 evaluations. Ninety percent of the evaluations pertained to
the system of appreciation, including teachers’ reactions to the problems, their stances about the
problems’ compositions, and their opinions about the problems’ values. The teachers valued
problems where students could appreciate the relevance of math in real-world scenarios, engage in
math explorations, and become intrigued.

Keywords: curriculum, geometry, art, real-world contexts, teachers’ evaluations
Introduction

As a result of mathematics education reform efforts, curricular developers have aimed at
designing math problems that will engage students in meaningful learning. Researchers in turn have
analyzed the effects of problem-based curricula on students. For example, Boaler (1998) found that
an open-ended approach enabled students to develop conceptual understanding and flexibility in
solving a novel problem. Ridlon (2009) found that sixth-grade students who experienced a problem-
based curriculum improved their achievement and their attitudes towards math. Cai et al. (2013) found
that high school students who were exposed to a problem-based curriculum during middle school
became good at problem posing. Nevertheless, the quest for research that yields a better understanding
of how math curricula can support students’ development of problem-solving skills continues to be
relevant considering the educational challenges that the pandemic has made salient (Bakker et al.,
2021). In the case of geometry instruction, there are curricular studies focusing on students’ reasoning
opportunities when solving textbook problems, especially proof tasks (Hunte, 2018; Otten et al.,
2014). Some research studies also focus on teachers’ implementation of the tasks (Sears & Chavez,
2014; Thompson & Senk, 2014). However, there are limited studies regarding teachers’ perspectives
about the geometry curriculum. Gooya’s (2007) study about geometry teachers’ perceptions regarding
curricular reform in Iran is an exception. Developing an understanding of geometry teachers’
perspectives about geometry problems in textbooks is critical for future work that attempts to change
the content and the ways in which geometry is taught and learned in school.

© 2023 International Consortium for Research in Science & Mathematics Education (ICRSME)



2 GONZALEZ & RINKENBERGER

In this article, we focus on investigating geometry teachers’ perspectives about textbook
geometry problems that are situated in visual arts contexts in the U.S. Math reform efforts call for
curricular changes that would foster high school students’ appreciation for the beauty of mathematics
(National Council for Teachers of Mathematics [NCTM], 2018). Proponents of “STEAM” education
have pushed to integrate science, technology, engineering, and math with art by extending the
“STEM” acronym to include art (Stewart et al., 2021). STEAM-education initiatives emphasize
problem-based and maker-space approaches (e.g., Lavicza et al., 2018; Martinez et al., 2022; Quigley
& Herro, 2016; Quigley et al., 2020), which are well aligned with interdisciplinary approaches to math
education (Bakker et al., 2021). Geometry instruction can offer special opportunities for students to
develop such an appreciation for math in the world through connections with art, and U.S. geometry
textbooks already attempt to show examples of problems situated in art-based contexts (Gonzalez,
2020). These contexts, including drawing, architecture, and crafts, have the potential of increasing
students’ motivation and engagement. Moreover, the selection of problem contexts for students to
reinvent math ideas, namely for mathematizing, is a key notion within the Realistic Mathematics
Framework (Freudenthal, 1991).

Our goal in this study is to learn more about geometry teachers’ perceptions and appreciations
of geometry problems that integrate math and visual arts. While visual arts contexts have the potential
for mathematizing, teachers’ use of curricular materials can amplify or diminish this potential
(Remillard, 2005). Therefore, understanding what teachers value about geometry problems situated in
visual arts contexts can inform curriculum developers who intend to draw on teachers’ perspectives
in designing new curricula, and teacher educators who wish to build on teachers’ knowledge to create
learning opportunities to promote STEAM approaches. Theoretically, we rely on the “practical
rationality of mathematics teaching” to unpack teachers’ perspectives (Herbst & Chazan, 2003, p. 407).
Methodologically, we apply linguistics and specifically appraisal theory, to analyze teachers’ evaluations
of geometry problems (Martin & White, 2005). We situate this study within the traditional justifications
for the geometry course (Gonzalez & Herbst, 2006) with an understanding that current discussions
about new goals for the U.S. geometry curriculum do not happen in a vacuum and set expectations
for why students should learn geometry.

Theoretical Considerations
The Practical Rationality of Mathematics Teaching

The notion of the practical rationality of mathematics teaching entails that teachers share an
understanding of teaching practices related to specific content areas. For instance, geometry teachers
in the U.S. have similar curricular resources and teach the same content. As a result, geometry teachers
have shared perceptions and appreciations about teaching geometry. Drawing from Bourdieu’s (1980)
notion of “habitus,” Herbst and Chazan (2003, p. 2) propose that teachers’ “feel for the game”
becomes explicit in conversations among teachers. Further elaboration of this construct has led to the
identification of four professional obligations toward math teaching that guide teachers’ decisions
(Herbst & Balacheff, 2009; Herbst & Chazan, 2011). These obligations are toward the discipline of
mathematics (disciplinary), individual student needs, developing and nurturing znterpersonal relationships
in the classroom, and school-specific rules and regulations (institutional). For example, geometry
teachers emphasize the development of visualization skills related to geometric thinking (disciplinary
obligation), while at the same time, they follow guidelines in their school math curriculum (institutional
obligation). To elicit the practical rationality of mathematics teaching, researchers show videos or
cartoon-based examples of instances of teaching that they have hypothesized to be typical (Herbst &
Chazan, 2011). In teachers’ discussions of these examples, they identify implicit norms in teaching
that guide their decisions as well as what they value (or do not value) in teaching. The notion of the
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practical rationality of mathematics teaching facilitates identifying teachers’ perspectives about
instruction that make sense to mathematics teachers, although they may be difficult for others to
understand, even mathematicians. According to Brousseau (1997), the didactical contract connects
teachers, students, and content so that when implementing academic tasks in the curriculum, teachers
can support student learning of specific content. The examination of the practical rationality of
mathematics teaching centers on specific courses of study, such as an algebra or geometry course, so
that the instructional demands when teaching specific content become explicit.

Geometry Instruction in the U.S.

Our focus on geometry teachers’ perspectives about curricular materials is guided by historical
considerations about the geometry curriculum that place special demands on teaching geometry. In
the U.S., the geometry course has been a curricular requirement since the 1840s (Quast, 1968) and has
overcome attempts to merge it with other courses (Stanic & Kilpatrick, 1992). A study of the
justifications for the geometry course in the 20" century reveals that there are four arguments
supporting its distinct contributions to the geometry curriculum (Gonzalez & Herbst, 20006). The
mathematical argument implies that geometry students will develop their reasoning skills as
mathematicians. From this perspective, asking students to make mathematical conjectures and prove
those conjectures is the main goal of the course. Proponents of the intuitive argument hold that geometry
uniquely allows students to establish connections with real-world applications, and geometry curricula
instills in students an appreciation for geometric patterns in their surroundings. The formal argument
justifies the learning of geometry as valuable for developing logical reasoning that can be applied to
everyday situations. The intent of teaching proofs using the two-column proof format is for students
to apply logical reasoning. Finally, the utilitarian argument implies that the geometry course can provide
knowledge and skills for students to apply to future employment. These arguments at times present
conflicting values as they relate to curricular goals. For example, a geometry problem situated in the
context of architecture could develop skills that architects apply in reading a floorplan, thus aligning
the problem’s context with the utilitarian argument. In contrast, by using geometry to study an
architectural piece, students can come to appreciate geometrical patterns in the world, thus fulfilling
the learning goals implied by the intuitive argument.

In our study, we focus on teachers’ perceptions and appreciations of art-based geometry
problems that are aligned with each of these four justifications for the geometry course. Geometry
teachers’ knowledge of the subject matter, the curriculum, and their students uniquely positions them
to assess the potential value of using an art-based approach to geometry instruction. Since the teaching
of geometry has been justified by competing discourses, teachers may hold various views about the
purpose of learning geometry. Recent research pertaining to the U.S. Geometry curriculum has
revealed the need to strengthen the connections between geometry and real-world applications (Desai
et al., 2021). Considering new demands for changing the high school math curriculum, Geometry
teachers’ evaluations of textbook problems that are situated in an art-based context may elucidate their
perspectives about these traditional justifications for the geometry course. By applying linguistic
techniques for identifying appraisals, we elaborate how teachers’ evaluations of art-based contexts
used in geometry textbooks reveal teachers’ perceptions and appreciations about teaching geometry
when a curriculum includes competing justifications.

Teachers’ Evaluative Stances and the APPRAISAL System

Systemic functional linguistics is a theory of language that proposes that speakers’ meanings
can be identified by the choices they make in their talk (Halliday & Matthiessen, 2004). To this end,
systemic functional linguists aim to identify taxonomies that map speakers’ choices according to the
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purpose of their talk. These choices are typically displayed as system networks that illustrate a system
of linguistic choices. See Table 1 for this formation.

Table 1

System of APPRAISAL by Martin and White (2005)

Appreciations Affects Judgements
Reaction Un/happiness Normality
Composition In/secutity Capacity
Valuation Dis/satisfaction Tenacity
Veracity
Propriety

The theory is based on the principle that there are three overarching functions of language, called
metafunctions, which are simultaneously accomplished in a text (oral or written). The zdeational
metafunction pertains to the goal of communicating experiences and focuses on the content of a text.
The interpersonal metafunction is about establishing relations, including the function of proposing
evaluations. The fextual metafunction pertains to resources for organizing a text. Martin and White (2005)
further develop an understanding of the APPRAISAL system, which describes speakers’ choices when
making evaluations in the English language. According to the theory, evaluations can be categorized
according to the target of the evaluation, which constitutes the domain of ATTITUDE. Specifically,
there are three subsystems: APPRECIATIONS for evaluating things, AFFECTS to show feelings,
and JUDGEMENTS to evaluate people. Within each subsystem of ATTITUDES, there are other
subsystems (see Table 1). The evaluations can be positive or negative, and speakers have more options
in some domains to refine their evaluations than in others.

The theory of appraisal has been applied to various contexts, including evaluations in
newspaper editorials (Achugar, 2004), communications in political discourse (Ross & Caldwell, 2020),
tourist websites (Kaltenbacher, 2000), reflective prose in higher education assignments (Szenes, &
Tilakaratna, 2021), and scientific reports (Stosic, 2021). Other studies have relied on systemic
functional linguistics to analyze teachers’ evaluations of teaching episodes by using other elements in
the theory, such as modality (Herbst & Kosko, 2014; Kosko & Herbst, 2012). In this study, we apply
Martin and White’s (2005) approach to geometry teachers’ discussions of problems from geometry
textbooks. As artifacts of teaching and learning, textbook problems illustrate how the content of a
discipline has been adapted to achieve the goals of schooling; a case of the didactic transposition
(Chevallard, 1985). Our examination of geometry teachers’ evaluations of geometry problems aims to
identify the elements of the practical rationality of mathematics teaching that are at play when
considering the possibility of integrating geometry and the visual arts. In alignhment with the notion of
the practical rationality of mathematics teaching (Herbst & Chazan, 2011), what teachers appraise
demonstrates their categories of perception, since others without geometry teachers’ specialized
knowledge may be unable to discern the elements in a math problem that geometry teachers see.
Teachers’ evaluations constitute their categories of appreciation about what they value (or disregard)
in geometry problems situated in visual arts contexts. Our investigation is guided by the goal of
understanding what justifications geometry teachers value in problems situated in the visual arts so
that future work that attempts to integrate math and the arts will consider teachers’ perspectives.

Two research questions frame our examination of teachers’ evaluative stances toward
geometry problems situated in visual arts contexts. First, bow do teachers’ evaluations relate to the four
arguments justifying the geometry course (i.e., the formal, intuitive, mathematical, and utilitarian)? Second, how do
teachers draw on the APPRAISAL system to evaluate geometry problems situated in visual arts contexts? With the
first question, we are interested in identifying the connection between what teachers perceive and what
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they value about geometry problems situated in visual arts in relation to the arguments justifying the
geometry course. With the second question, we focus on the nature of the evaluations and whether
and how teachers make use of various resources from the APPRAISAL system. Collectively, we are
interested in learning more about aspects of the practical rationality of mathematics teaching, using
the case of geometry teachers’ evaluative stances toward a set of geometry textbook problems.

Methods
Participants and Data Collection

We conducted three focus group sessions with a total of nine high school geometry teachers.
All teachers taught at public high schools in a state in the midwestern region of the U.S. that had
adopted the Common Core State Standards for Mathematics and were recruited through
announcements to their mathematics departments. The group had a wide range of teaching experience
in the classroom, from novice (approximately three years) to veteran (over ten years). Each teacher
had taught geometry during their career as a mathematics teacher. The focus group methodology
allowed us to understand the practical rationality of mathematics teaching since teachers could share
ideas that other teachers might deem acceptable (Herbst & Chazan, 2003). The two authors facilitated
the sessions following the model described by Nachlieli (2011). Facilitator 1 (the second author) was
in charge of managing the session, conducting the slide show, and asking the guiding questions.
Facilitator 2 (the first author) asked probing questions to elicit and contrast various perspectives. Each
session was video-recorded and transcribed for analysis. The participants were from seven different
schools. See Table 2 for specific information about participants. School size varied from large to small
schools.

Table 2

Focus Group Participants

Session Participants School Approximate number of
students

1 Curtis Maxwell Violet HS 1,400

1 Gia Michaels Honeydew HS 900

1 Charles Rankin Umber HS 300

1 Emma Smith Honeydew HS 900

1 Libby Walker Violet HS 1,400

2 Chloe Baxter Magenta HS 500

2 Renee Fedderly Periwinkle HS 500

3 Skyler Beck Catalina HS 1,400

3 Charity Obetlin Byzantium HS 2,000

Note. Following institutional review guidelines, we use pseudonyms for participants and
institutions.

Each session had four main parts. We started by framing the discussion around recent NCTM
documents calling for revisions to the high school geometry curriculum and a clarification of terms
pertaining to the strands of mathematical proficiency framework (Kilpatrick et al., 2001). Next, we
engaged the participants in a 5- to 10-minute wish /ist activity, where we asked them to identify the
characteristics of geometry lessons that promote mathematical proficiency through art and design.
The participants had the opportunity to revise the list at the end of the session. In the third part of
the session, we showed the teachers nine sample art-based problems from five different geometry
textbooks aligned to the Common Core State Standard. See Table 3 for this information. The
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textbooks, published by mainstream publishers in the U.S., were selected based on the first author’s
study about the visual arts in geometry textbooks and represented various justifications for teaching
geometry.

Table 3

Texthooks Used for Selecting Sample Problems

Acronym Authors Year Title Publisher
CME Center for 2013 CME Geometry Pearson
Mathematics Common Core
Education Project
CPM Dietiker, L. & 2014 Core connections College Preparatory
Kassatjian Geometry, 2" edition  Mathematics
Glencoe Carter et al. 2018 Glencoe Geometry McGraw-Hill
Holt Larson et al. 2012 Geometry Holt McDougal
Pearson Chatles et al. 2015 Geometry Common Pearson
Core

The problems were typical short exercises where students are asked to apply their knowledge
of geometric properties to a situation. In this case, we selected situations that involved art, such as a
pottery design or an architectural structure. In the sessions, we presented the problems as they were
written in the textbooks. We did not have examples of students’ solutions to the problems or further
information about the problems from the curricular materials. Our intention was for teachers to
evaluate the problems with the same information that a student solving the textbook problems would
have. The geometry teachers would apply their knowledge and experiences to their evaluations. Table
4 shows a description of the sample problems introduced.

Table 4

Descriptions of the Sample Problems

No. Art Math Topic Standard Argument Textbook Page
Context No.
1 Sculpture Right Triangles HSG.SRT.B.5 Intuitive Holt 449
2 Pottery Circles HSG.C A2 Utilitarian Holt 707
3 Painting Circles HSG.C.B.5 Utilitarian Glencoe 787
4 Calligraphy ~ Reflections HSG.CO.A5 Intuitive Pearson 559
5 Drawing Dilations HSG.SRT.A.2 Intuitive CME 323
6 Drawing Congtruence HSG.SRT.B5 Mathematical Glencoe 304
HSG.CO.C9 Formal
Intuitive
7 Architecture  Symmetry HSG.CO.A.3 Mathematical Holt 616
Intuitive
8 Architecture  Pythagorean Theorem, Law of HSG.SRT.B.5 Utilitarian CPM 446
Cosines
9 Architecture  Volume HSG.GMD.A.3 Intuitive Glencoe 813

Most of the problems were aligned with only one argument for justifying the geometry course, with
the exceptions of problems six and seven. These problems had various parts that were aligned with
different arguments; specifically, they required students to appreciate math in the world and comprised
questions compelling students to complete a proof (formal argument) or propose a mathematical
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conjecture (mathematical argument). We selected these problems for the focus group sessions since
problems with various underlying justifications are typical in geometry textbooks. In addition, there
were limited problems in the textbooks aligned with the formal argument, and we wanted all
arguments to be represented in the session. The participants answered the following guiding questions:
(1) Do you think that this problem is engaging for your students? Why or why not? (2) Does the context provide an
entry point for students to learn math? How? (3) Is the problem promoting students’ mathematical proficiency (i.e.,
conceptual understanding, procedural fluency, strategic competence, productive disposition, and adaptive reasoning)? (4)
In what ways would this problem be valuable for teaching your students geometry? (5) Would you use this problem in
your classroom? Why? If not, how would you adapt this problem? After presenting each problem individually,
we showed the problems in sets of three for the teachers to establish contrasts between them. In the
last part of the session, the teachers analyzed the problem-based lessons that we created with different
art-based contexts in mind. This analysis is beyond the scope of this article, and we report the results
elsewhere (Gonzalez et al., 2022).

Data Analysis

The sessions were fully transcribed. The transcripts show changes in turns of speech by the
speakers, enumerated according to the sequence of participation in the talk. Following Martin and
White (2005), the authors independently coded each turn by identifying (1) the appraising item (in
bold), (2) the appraiser for that appraising item (italics), and (3) what was appraised (underlined). For
example, 44 seconds after introducing problem four, Chloe said, “I think that this one is kind of
interesting to think of someone who’s always writing in a mirror image” (Session 2, Turn 117). Here,
the appraising item is “kind of interesting,” which is used to appraise “this one,” a pronoun in
reference to problem four. Chloe offered the evaluation, which is signaled when she said, “I think.”
The comment “to think of someone who’s always writing in a mirror” provides a circumstance for
considering this problem. Since what is appraised is a thing, the appraisal is an appreciation. Under
appreciation, there are three subsystems: REACTION, COMPOSITION, and VALUATION. We
coded this appraisal as “reaction,” signaling that the problem grabbed her attention. In this case,
“interesting’ is a positive marker, although lessened by the modifier “kind of.” The example illustrates
Chloe’s use of pronouns to refer to appraised items. In some cases, the appraiser or the appraised item
was omitted or implied. For example, when discussing problem seven, Charity said, “So, potentially
engaging” (Session 3, Turn 202). Here, it is unclear whether the appraiser was the teacher or if Charity
implied that the problem could be engaging for the students, so we did not identify the appraiser.
However, the appraised item could be recovered from the text since there was a discussion of problem
seven.

In our analysis, we also considered fokens of evaluation. According to Martin and White (2005),
appraisals could be inscribed or invoked. When an appraisal is inscribed, there is a clear link between
the appraising item and what is appraised. In contrast, when an appraisal is invoked, there is an indirect
connection. We found invoked appraisals when teachers used projected clauses to voice hypothetical
classroom-based scenarios. For example, when discussing the three different parts of problem two,
Charles said, “I really hate A, B, C. [Laughter.] Because it takes all thought out of the process. ‘Here’s
the procedure.” “What process to do you want me to memorize with the same problem on the test?’
‘Here it is.” ‘Memorize that” T’'m not going to think.”” (Turns 107-109). Here, “hate” describes a
feeling, but it is a token of appreciation. That is, while the appraising item “hate” is a negative
inscription of affect, the appraisal invokes a negative appreciation of the problem, a thing. The
description of a hypothetical teacher-student exchange about asking for a procedure and giving a
procedure in the quote is a token for an appreciation, showing a negative take on the composition of
the problem because it lacks complexity. Following Martin and White (2005), we identified cases where
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projected speech was used to invoke evaluations as tokens because the speakers were invoking
attitudes that, as analysts, we had to infer.

Another case where we identified tokens pertains to hybrids in the evaluations. According to
Martin and White (2005), there is a hybrid when the inscribed and invoked attitudinal meanings differ.
For example, in session one, during the teachers’ discussion of problem one, Libby said that the
problem was not engaging for students, and Curtis replied with the metaphor, “jump through this
hoop.” Libby then revoiced Curtis’s comment and elaborated by stating, “Yeah. ‘Jump through this
hoop and show us now and independently master it.”” We identified two appraisals—“jump through
this hoop” and “show us now” and “independently master it”—and we coded them as hybrids,
combining JUDGEMENTS and APPRECIATIONS. The appraisals suggest a dual target for the
evaluation. On the one hand, students need to show that they are capable of solving problems.
Therefore, the evaluation is an inscription that makes a judgement about students’ capabilities. On the
other hand, the evaluation evokes a negative appreciation for the problem, specifically regarding its
composition, since problem one lacks complexity. The comment suggests that according to the
teachers, if students were to work on problem one, they would apply a procedure without necessarily
showing their learning. The hybrid evaluations enabled the teachers in this example to offer an
appraisal of problem one through the examination of the capabilities that students would need to
solve the problem and demonstrate their learning.

We independently coded all of the transcripts and held subsequent meetings to resolve
disagreements and refine the coding. We began by coding session one independently and checked the
reliability of identifying appraising and appraised items. In addition, we checked if we agreed on the
subsystem of evaluation (AFFECT, JUDGEMENT, or APPRECIATION), the subsystems within it,
and if it was positive, negative, or a token. We agreed on 65% of the appraising items and 62% of the
appraised items from the coding of the first session. When considering how many types of evaluations
we had agreed upon, we found that we agreed on 87%. We realized that we had difficulties identifying
appraising and appraised items. At times, it was difficult to recover textual references when speakers
used pronouns to identify where tokens and hybrids took place. We continued to independently code
the remaining sessions. Overall, when considering the appraising item, appraised item, and type of
evaluation, the reliability was 72%, 69%, and 86%, respectively. We discussed our coding decisions,
resolved disagreements, and reached a consensus.

Results

We start by reporting the findings regarding the evaluations that the teachers used in relation
to the arguments justifying the geometry course to answer the first research question. Next, we answer
the second research question by describing the resources from the subsystem of appreciation that the
teachers used and their use of hybrid appraisals. Finally, we present the findings pertaining to the
positive valuations that the teacher used to evaluate the problems, as these provide emerging evidence
for what the teachers valued in the geometry problems situated in art-based contexts.

Teachers’ Evaluations of Art-based Problems in Relation to the Arguments Justifying the
Geometry Course

Opverall, there seems to be evidence that the teachers preferred problems aligned with the
utilitarian argument. Table 5 shows the results of all the appraisals offered by problem, aggregating
the three sessions.'

U'The results of appraisals per session are 217, 257, and 202 for sessions one, two, and three,
respectively.
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Table 5

Evaluations per Problem According to the System of APPRAISAL

Problem  Argument Affect Judgement Appreciation Total
Pos Neg Pos Neg Pos Neg Pos Neg Total

1 Intuitive 2 3 0 0 16 68 18 (20%) 71 (80%) 89
2 Utilitarian 3 2 2 1 75 26 80 (73%) 29 (27%) 109
3 Utilitarian 0 0 0 0 12 37 12 (24%) 37 (76%) 49
4 Intuitive 9 3 0 1 64 46 73 (59%) 50 (41%) 123
5 Intuitive 1 2 3 0 37 42 41 (48%) 44 (52%) 85
6 Mathematical, 0 2 0 1 19 44 19 (29%) 47 (71%) 66

Formal, &

Intuitive
7 Mathematical & 0 0 0 0 13 14 13 (48%) 14 (52%) 27

Intuitive
8 Utilitarian 0 1 3 0 39 15 42 (72%) 16 (28%) 58
9 Intuitive 0 0 0 0 11 17 11 (39%) 17 (61%) 28
Other 0 1 0 1 9 4 9 (60%) 6 (40%) 15
Total 15 14 8 4 295 313 318 331 649

Note. “Other” refers to the general appraisals or combinations of appraisals toward more than one
problem. “Pos” stands for positive, and “Neg” stands for negative. These results do not include
hybrids.

The four problems with the highest number of evaluations were problem four (123 appraisals),
problem two (109 appraisals), problem one (89 appraisals), and problem five (85 appraisals), which
had the art-based contexts of calligraphy, pottery, sculpture, and drawing, respectively. Three of these
four problems represented the intuitive argument (problems one, four, and five). Five problems
(problems one, two, three, six, and eight) triggered evaluations with more than 70% positive or
negative appraisals. Problems two and eight were evaluated mostly as positive (73% and 72% of the
appraisals, respectively). These two problems represented the utilitarian argument. Specifically,
problem two used the context of pottery for an archeologist to find the diameter of a plate by using a
broken circular piece. Problem eight used the context of architecture, sharing the case of a person,
Lashayia, who wishes to redesign a kitchen according to construction guidelines. In solving the
problem, students would have to apply the Pythagorean theorem and trigonometry (i.e., the law of
cosines) to determine whether the design meets the guidelines. In contrast, problems one, three, and
six were mostly viewed as negative (80%, 76%, and 71% of the appraisals, respectively). These
problems represented various arguments. Problem one concerned finding the height of a monument
using trigonometry and represented the intuitive argument, as it was an example of how students could
use geometry in their surroundings. Problem three was aligned with the utilitarian argument and shared
the case of an artisan who had to rely on properties of circles to estimate the area of a mural. Problem
six, situated in the context of drawing, would require students to examine a geometric figure that
created an optical illusion. The problem represented the intuitive argument by asking students to
appreciate the configuration of the visual arts piece. The problem uniquely represented the formal
argument by asking students to complete a triangle congruence proof. Additionally, the problem
requested students to explain their reasoning for establishing the relationship between two lines in the
diagram, thus aligning the question with the mathematical argument. A further analysis of the
evaluations proposed provides more nuance to the teachers’ preferences.
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Teachers’ Uses of Resources from the Subsystem of APPRECIATION for Evaluating the
Problems

The teachers used various resources from the system of appreciation to evaluate the problems,
demonstrating complex analyses. Approximately one-third of the total appreciations offered by the
teachers were from each subsystem of APPRECIATION, with slightly more appreciations coded as
“composition.” See Table 6 for this information.

Table 6

Evaluations of Problems According to the Subsystem of APPRECLATION

Reaction Composition Valuation Total
Pos Neg Total Pos Neg Total Pos Neg Total

Problem

1 2 16 18 6 25 31 8 27 35 84
2 27 4 31 27 14 41 21 8 29 101
3 2 6 8 10 20 30 0 11 11 49
4 27 8 35 21 13 34 16 25 41 110
5 16 13 29 8 19 27 13 10 23 79
6 11 10 21 6 26 32 2 8 10 63
7 7 1 8 5 5 10 1 8 9 27
8 18 9 27 5 2 7 16 4 20 54
9 6 4 10 3 9 12 2 4 6 28
Other 2 1 3 1 0 1 6 3 9 13
Total 118 72 190 92 133 225 85 108 193 608

A9%)  (12%)  (G1%)  (15%)  @2%)  (37%)  (14%)  (18%)  (32%)
Note. “Other” refers to the general appraisals or combinations of appraisals toward more than one

problem. “Neg” stands for negative, and “Pos” stands for positive. These results do not include
hybrids.

The findings show that the “reaction” appraisals were mostly positive. In contrast, the “composition”
and “valuation” appraisals were mostly negative. These findings suggest that the teachers assumed a
more critical stance through detailed analyses of the problems in terms of their characteristics and
worth.

As an example of how the teachers’ uses of resources from the system of appreciation allowed
for a more sophisticated view of a problem, we discuss the teachers’ evaluations of problem four. The
problem, situated in the context of calligraphy, showed a Leonardo da Vinci illustration, where his
handwriting appears in a mirror image. Students were asked to write the mirror image of the sentence,
“Leonardo da Vinci was left-handed,” and to discuss the possible reasons for his ease of writing mirror
images of conventional text (Center for Mathematics Education Project, 2013, p. 559). There were a
total of 110 appreciation appraisals for problem four. The reaction evaluations were mostly positive,
with 27 positive reaction appraisals (25%) versus eight negative reaction appraisals (7%). The
composition appraisals were also mostly positive, with 21 positive appraisals of composition (19%)
and 13 negative appraisals of composition (12%). However, the valuation appraisals for problem four
were mostly negative, with 25 negative appraisals of valuation (23%) and 16 positive appraisals of
valuation (15%).

The positive reaction appraisals of problem four stated that the problem was “cool”
“interesting, and “fun.” The teachers also used tokens to state that the problem “is going to be
intriguing” and that students “mostly heard of da Vinci.” Some negative reactions were “why am I”
writing backward? and that the problem was “never going to give you buy-in.” With these negative
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evaluations, the teachers anticipated their students’ reactions to the problem. The composition
appraisals provided a more detailed evaluation of the characteristics of the problem. The positive
composition appraisals included tokens to state that the problem “sneaks the math in” and “gets
students thinking, writing.” In terms of the problem’s complexity, Libby stated that it was “something
that anybody can try.” Nevertheless, the composition appraisals were mostly negative. For example,
the teachers stated that writing backwards would be “hard to do” and “a struggle.” In addition, they
stated that the problem “would take a lot of paper.” The teachers noted that the statement of the
problem did not include the required mathematical concepts to solve it. The teachers said, “not that
it says reflection anywhere in that problem.” Specifically, the problem did not discuss the concepts
pertaining to reflections, such as the distance between the object and the mirror line, and instead stated
“with it being that far from the line or that far.” These examples show that by using composition
appraisals, the teachers assessed specific characteristics of the problems, such as the language used or
the mathematical concepts involved, thus revealing complex evaluations. Some positive valuations
were that the problem could be “memorable,” a “gateway,” and “could lead you into talking about
reflections.” Nevertheless, some examples of negative valuation were “didn’t really teach that much
about symmetry,” “dumbest thing ever,” “not very mathematical,” “is about being able to read it
backwards,” “more about being left handed,” “the math’s not really there,” “wondering the math in
it?,” “not something that they’re going to be graded on,” and that writing backwards “might become
a detriment later on.” Skyler discussed how it was a problem “where you need a bunch of kids to do
it and see what they do.” The examples of evaluations toward problem four show how the teachers
used various resources from the system of APPRECIATION to provide a multifaceted evaluation of
the problems. Moreover, by using composition and valuation appraisals, the teachers changed their
initially positive evaluation of a problem into a negative view with specific critiques.

Teachers’ Uses of Hybrids for Evaluating the Problems

One characteristic of teachers’ evaluations was the use of hybrids that combine
APPRECIATIONS with AFFECTS or JUDGEMENTS. See Table 7 for this information.

Table 7

Hybrid Appraisals per Session

Session Affect/Appreciation Judgement/Appreciation Total
1 8 4 12

2 11 3 14

3 1 0 1
Total 19 7 27

We found a total of 26 hybrid appraisals, mostly combining AFFECT and APPRECIATION. While
the number of these types of appraisals is small, they speak to the nature of teachers’ knowledge in
terms of how they integrate their knowledge of their students into discussions about the mathematics
curriculum. Session two was the session with the most hybrid appraisals (14), and session three was
the session with the least hybrid appraisals (1). Hybrid appraisals of affect were more frequent than
hybrid appraisals of judgement.

Teachers’ hybrid appraisals of AFFECT and APPRECIATION mostly anticipated their
students’ feelings in relation to the problems. For example, when discussing problem six, Renee said
that “the kids hate triangles,” which we coded as dis/satisfaction and as a token of negative
appreciation. In contrast, with regard to problem four, Charity said, “I think that #bey will be curious,
that it actually works.” We coded “curious” as a positive appraisal of satisfaction and as a token of
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positive appreciation for reaction. All of the hybrid appraisals of JUDGEMENT and
APPRECIATION described capabilities, while also providing an appreciation for the problem. For
example, when discussing writing backwards, Chloe said, “I can’t even do that.” We coded this
appraisal as a token of negative judgement of capacity because of the apparent limitations in
capabilities for writing backwards. At the same time, we coded this evaluation as a token of positive
appreciation for composition, since there is suggestion that the process of writing backwards is
complex. Eatrlier, we provided another example of a hybrid appraisal of judgement and appreciation
with the phrase “jump through this hoop.” Overall, the hybrid appraisals allowed the teachers to
position themselves or their students in terms of their feelings or their characters when evaluating the
problems.

Teachers’ Positive Valuations of Problems Situated in Arts Contexts

By using reaction appreciations, the teachers stated their initial takes on the problems. By using
composition appreciations, the teachers evaluated the sense of balance or the complexity of the
problems. Ultimately, the valuation appreciations signaled whether, according to the teachers, the
problems were worthwhile or not. That is, would the teachers keep or eliminate a problem and why?
The teachers stated 85 positive valuation appraisals. We were interested in learning more about what
was appraised with valuation. We listed the items that the teachers appraised, recovering the meanings
from the transcription when they used pronouns. See Table 8 for these items and their appraisals.

Table 8

Positive Valuation Appraisals about Geometry Problems Situated in the 1 isual Arts

Item Problem or Appraisal Appraised
No. alternative
3 1A might have been one that we went over it [the problem similar to problem one]
204 1A Like you don’t have a choice [doing word problems the whole day]
205 1A you can’t skip it [doing word problems the whole day]
206 1 a little nice application of that this [problem one]
207 1 put, on the worksheet about word problems  that [problem one]
2064 1A they’re getting to do that themselves [measuring the height of the statue in
problem one]
268 1 matters your context
269 1 matters the measurements, when you’re the one
out there measuring the thing
42 2 really cool of discovery learning this [problem two]
43 2 very different than, it’s not just, “here’s this it [problem two]
figure, do the math skill that you do”
63 2 you can’t trace crazy things that are really large
66 2A I could incorporate that into the a problem like that
construction class
70 2A integrity the building
74 2 when you are talking about cross-curricular  [problem two]
75 2 introduced into like a world history class having some of this [archaeology]
80 2 would like, more in a cross-curricular thing; it [archacology]
where they could see the point better
210 2 like a real thing that could potentially it [problem two]
happen
212 2 an actual application that's like a real thing this [problem two]

that a human would do normally
214 2 using, to do the math the pottery
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Item Problem or Appraisal Appraised
No. alternative
231 2 a good one to say, “When am I ever going it [problem 2]
to use this in life?”
232 2 "if you're an archaeologist, you might use it" it [problem 2]
233 2 always a good utilist for some of those it [problem 2]
235 2 maybe that’s what archaeologists do
240 2 cool discussion [of different strategies for
part “c”
256 2 the math is situated in the actual use of the [problem 2]
context
438 2 see where that could be useful that [problem 2]
439 2A a little more of tying into something that [a video of an archaeology dig]
they might want to do in the future
440 2 might not have thought about, "Oh, I could  [problem 2]
use this for that"
444 2 I could use that [problem 2]
125 4 like the concept of this problem
129 4 lets you open up to a lot of people that did it [da Vinci’s reference]
stuff like this
185 4 gateway, to further mathematics problem
186 4A a compate and contrast that [a problem with the word spelled
backwards]
286 4 I see the mathematical part in this [problem 4]
299 4 still would include it [problem 4]
302 4 could lead you into talking about reflections it [problem 4, part “a”]
306 4A use, to talk about reflection it [discussion of problem 4 at the
beginning of the lesson]
307 4 does [provide an entry point for students to  [problem 4]
learn math], if it comes first, not #30
311 4 memorable enough to remember [problem 4]
312 4 could be a trigger. [that da Vinci thing]
313 4 “Oh yeah!” [problem 4]
465 4 could talk about reflection [problem 4]
466 4 I think it does [promote mathematical [problem 4]
proficiency]
474 4 reflection is there [problem 4]
545 4 I see, fitting that [problem 4]
329 5A “Ohhh, now I’'m doing” something with my art class and my
Geometry class
335 5A see the connection [Geometry & art]
336 5A might see, “Ohhbh, they're related” [Geometry & art]
486 5 get them [students] to think about what [problem 5]
similar means
487 5 could generate some good discussion [what similar means|
488 5 there's a lot of exploration that could be two pictures [problem 5]
done
498 5 There’s gotta be some math involved if [problem 5]
you’re looking at where the center of
dilation is
501 5 is definitely art design it [problem 5]
502 5 is definitely used in logos, which is art resizing an image
504 5 is drawing it [problem 5]
535 5 there's more math going on in that one number five
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Table 8

Positive Valuation Appraisals about Geometry Problems Situated in the 1 isual Arts

Item Problem or Appraisal Appraised
No. alternative
538 5 has almost all of it five
546 5 does for sure [have an opportunity to be a five
bigger problem)]
517 6 is where you do the math B [problem 6, part “b”]
518 6 is the naked math there [problem 6, part “b”]
385 TA an entry point [a building known by students|
161 8 relevance it [problem 8]
162 8 relevant it [problem §]
165 8 “Oh, I can see value in why you want to it [a problem with buy-in]
solve”
166 8 more relevance [problem 8]
387 8 a real-world application [problem §]
390 8 interested construction and building houses and
stuff
391 8 "Oh yeah, I know that about this. And now [problem §]
I'm going to solve this triangle to see if it
really does fit"
392 8 I know the math behind it [problem 8]
394 8 that you could use later to engage the kids a question [problem 8]
398 8 more prevalent blueprints
400 8 be good this [problem §]
573 8 at least shows that math is used somewhere it [problem §]
574 8 a good thing that [showing that math is used
somewhere]
581 8 a little less forced though than some of the it [problem §]
other like, quote—unquote, real-world
applications
584 8 less forced This [problem 8 vs. another problem
about making a ramp following
building code]
585 8 I don't think is forced this one [problem 8§]
415 9 more cultural problem [9]
596 9 want kids to find the volume of a cone
260 1&3 you're actually doing math, I guess [problems 1 & 3]
261 1&3 you're like using numbers and stuff [problems 1 & 3]
361 4&6 have more of an entry point than five [problems 4 & 0]
362 4&6 useful the context [problems 4 & 0]
583 general No [does not sound forced] [another problem about making a ramp
following building code]
587 general “hey there’s a ramp” [another problem about making a ramp

following building code]

Note. The appreciation appraisals are numbered by session as they appear in the transcripts: appraisals 1-187 pertain to
session one, appraisals 188—418 pertain to session two, and appraisals 419—608 pertain to session three. We use “A” to
denote when the appraised item is an alternative to the problem versus the provided item. Appraisals pertaining to
usefulness are bolded, to mathematics ate italicized, and to discovery are undetlined.

The list of appraised items using positive valuation appraisals includes 13 items that are
alternative to the problems provided (15% of the positive valuation appraised items). This is relevant
because at times the teachers altered the problems that we provided them to discuss the characteristics
that they would value in problems. Thirty of the positive valuation appraisals (35% of the positive
valuation appraised items) pertained to statements regarding the opportunity to use math in real-world
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situations. These appraisals were aligned with the utilitarian argument. Eighteen of the positive
valuation appraisals (21% of the positive valuation appraised items) pertained to the mathematical
content of a problem. For example, the teachers named specific valuable content (e.g., the center of
dilation in appraisal 498) or how a problem provides an entry point to the mathematical ideas in a
lesson (e.g., reflection in appraisal 402). The attention to the mathematical content of the problem was
aligned with the mathematical argument. Six appraisals (7% of the positive valuation appraised items)
revealed that the teachers valued problems where students can discover a new idea and apply multiple
solution strategies. The attention to discovery-oriented opportunities was aligned with the intuitive
argument. Altogether, the teachers’ evaluations were related to pedagogical decisions regarding how
students come to learn a new idea through problem solving.

The teachers’ positive valuation appraisals also included comments regarding the desirable
characteristics of geometry problems that are situated in visual arts contexts. Namely, the teachers
valued problems that coherently connected the mathematical content and the problem’s context (e.g.,
“a little less forced though than some of the other like, quote—unquote, real-world applications”
appraisal 581). The teachers also valued opportunities to use a context to motivate students (e.g.,
“could be a trigger,” appraisal 312). The teachers saw the promise in adapting problems where students
would use their knowledge of their surroundings (e.g., choosing a building known to the students as
an example of architecture, appraisal 385) and interests (e.g., “construction and building houses and
stuff” are contexts for students’ interests, appraisal 390). The teachers also stated that cross-curricular
problems (e.g., “would like it more in a cross-curricular thing; where they could see the point better,”
appraisal 80) and problems that include cultural connections (e.g., “more cultural,” appraisal 415) are
valuable. Overall, the positive valuation appraisals showed that in evaluating the problems, teachers
contended with a problem’s contexts, the mathematical ideas in the problem, and the pedagogical
aspects of how a problem provides opportunities for students to learn geometry. The teachers’
valuations revealed elements of the practical rationality of mathematics teaching by illustrating what
teachers perceive and appreciate.

Discussion

According to the teachers in this study, the integration of geometry and art is possible.
Nevertheless, their appraisals of the sample problems yielded a complex picture of what they value in
geometry problems. These appraisals revealed the practical rationality of mathematics teaching in that
the teachers considered how the problems target specific math concepts, thus showing their
responsibility to portray the discipline of mathematics. Additionally, their appraisals revealed their
anticipations of their students’ feelings towards the problems—students’ likes, dislikes, motivation,
curiosity—as well as their capabilities. In the teachers’ consideration of their students’ perspectives,
they were revealing their obligation towards their individual students, which is a component of the
practical rationality of mathematics teaching. Additionally, there is an interpersonal component in the
teachers’ attention to students’ feelings because they considered students’ motivation and engagement
during problem-solving. The teachers’ suggestions to adapt problems to their students’ local context
is another example of how they strived to attend to their individual students’ interests. While there
was less evidence of how the teachers attended to the institutional obligation when reviewing and
making curricular choices, all of the problems were aligned with the Standards as established in their
school curriculum. The various “obligations” that mathematics teachers have to fulfill include teaching
mathematics and taking care of their students (Bieda et al., 2015; Herbst & Balacheff, 2009; Herbst &
Chazan, 2011). Our study is consistent, showing how in geometry teachers’ evaluations of problems
situated in art-based contexts, they attended to the mathematical content to fulfill their disciplinary
obligations and to their students’ interests and needs to fulfill their obligations toward individual
students. We were able to elicit the practical rationality of teaching by holding discussions of curricular
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materials and learning more from teachers about what they find appropriate to use in their classroom
and why.

In terms of the arguments justifying the geometry, the teachers evaluated the sample problems
aligned with the utilitarian argument as valuable. This finding is relevant considering current work that
seeks to connect math and design in STEAM education (Bush et al., 2018). It seems that the problems
that are aligned with the utilitarian argument would help teachers to answer a question that students
often ask, “Why do I need to learn this?” The sample problems with art-based contexts that were
embedded in jobs such as being an archeologist, a painter, or an architect positioned the students as
someone who must use geometry in their professional practice. Curricular designers who are seeking
authentic opportunities for students to appreciate geometry may want to investigate contexts aligned
with the utilitarian argument. At the same time, the teachers had positive evaluations towards problems
aligned with the intuitive argument for various reasons, including the opportunity to engage in
discovery-oriented investigations as well as the chance to appreciate math in the world. Additionally,
the teachers’ attention to the math content of the problems (or their lack of math content), whether
an art-based context provided students an entry point to examine math ideas, and the opportunity for
students to display various solution strategies to a math problem were aligned with the mathematical
argument. In contrast, there was limited evidence of teachers’ preference for problems aligned with
the formal argument. In their discussions of the problems, the teachers did not seem to argue in favor
of problems that promote opportunities for doing proofs, which typically rely on a two-column format
for writing statements and reasons that justify the solution of a problem (Herbst, 2002), as one of the
goals of the geometry course. Therefore, it seems that teachers are less fond of proof tasks that appear
in the geometry curriculum (Otten et al., 2014). Further investigation is needed to see whether and
how the formal argument justifying the geometry course is one that teachers continue to support.

Opverall, the teachers demonstrated a sophisticated analysis of the sample geometry problems.
The linguistic methods revealed a complex picture of their evaluations. With REACTION, the
teachers anticipated what their students would say about the problems. With COMPOSITION, the
teachers analyzed the problems’ complexity and coherence. Then with VALUATION, the teachers
showed worthwhile characteristics of the problems. The teachers’ evaluations were sophisticated and
unpacked a deep analysis of the problems. For example, the teachers valued coherence between the
math content and the art-based context. In contrast, the teachers critiqued cultural contexts that
trivialized the authenticity of the problem. Therefore, teachers’ involvement in designing geometry
problems that use art-based contexts would bring attention to important issues that are close to their
students.

Conclusion

Many voices are calling for changes to the geometry curriculum (NCTM, 2018) and for
investigating interdisciplinary approaches to math instruction (Bakker et al., 2021). There are
suggestions for a new geometry curriculum that can leverage students’ experiences and use geometry
to represent their noticings and wonderings (Desai et al., 2021). The proponents of STEAM have
looked into connections between math and art, and most recently, using design thinking as a unifying
theme (Bush et al., 2018). With a design thinking theme, curricular developers may be able to target
the utilitarian argument by extending students’ use of geometry concepts to authentic problems. At
the same time, students may be drawing on their intuition to see geometry embedded in real-life spaces
and situations.

Geometry teachers possess knowledge of math and their students that become crucial in
curricular adaptations. According to the Standards by the Association of Mathematics Teacher
Educators (AMTE, 2017) in the U.S., well prepared teachers can anticipate students’ thinking, and are
also knowledgeable of contexts that shape students’ learning. Professional development initiatives can
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build on that knowledge and promote connections between geometry and art. For example, Verner et
al. (2019) report on an initiative in Israel for teachers to use ethnomathematics in crafting tasks for
their students to learn more about geometry with cultural artefacts. Work on ethnomodeling also
shows the potential for incorporating culturally sustaining teaching practices in geometry (Desai et al.,
2022).

Methodologically, our study provides insights about teachers’ linguistic choices when making
evaluations about curricular materials with their peers. It may be relevant to investigate prospective
teachers’ evaluations, mirroring other work that focuses on their notions of good problems (e.g., Crespo
& Sinclair, 2008). We recognize the various limitations of our study, including the small number of
participants and the limited number of problems that we showed to the teachers. Nevertheless, our
study does not concern a particular curricular approach but rather the more general use of the visual
arts in relation to the traditional justifications for the geometry course. To make sustainable changes
to the geometry curriculum, it is crucial to understand teachers’ perspectives. The quest for meaningful
contexts for students to learn and enjoy mathematics can benefit from teachers’ knowledge of their
students, the curticulum, and mathematics.
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ABSTRACT

In this pedagogical action research study, we, as post-secondary mathematics teacher educators,
built on an existing effort to improve pre-service teachers’ mathematical vocabulary understandings
by intentionally addressing their struggles related to polygonal area formulas. Utilizing cognitive load
theory and Bruner’s levels of developmental learning, we adapted and refined an existing “Area of
Polygons” lesson to eliminate extraneous elements and scaffold the introduction of essential
clements in the context of a cognitively engaging activity. Comparing our resulting lesson
components to existing literature on polygonal area, we found two main approaches towards
exploring area of polygons. Both approaches emphasized conservation of polygonal area with one
focused on the details of attributes and square units and the other focused on comparisons of areas
of figures. We discuss the implications of these approaches and the use of cognitive load theory in
tandem with Bruner’s levels for future curriculum redesign.

Keywords: geometry, pedagogical action research, pre-service teacher education
Introduction

We, as post-secondary mathematics teacher educators, often collaboratively consider the
content that our students, elementary pre-service teachers (PSTs), find difficult across the sequence
of mathematics courses we teach. As part of a larger study focused on instructor collaboration and
pedagogical improvements across the course sequence, we found that our PST's routinely struggle with
mathematical vocabulary (Bullock et al., 2021). Building off this work and connecting to concepts of
cognitive load theory (Ayres, 2000; Pass et al., 2003) and Bruner’s levels of developmental learning
(Bruner, 1986; Reys et al., 2012), the current pedagogical action research study explores our response
to students’ struggle with polygonal area formulas. The impetus for this study, noticings about
students’ misconceptions about polygonal area and area formulas, is described below.

In Math 1385: Foundations of Mathematics 11, the second mathematics content course in the
sequence focused on geometry and measurement, one important topic that students explore is
polygonal area formulas. In the original version of the “Area of Polygons” lesson, the first author
spent about an hour carefully guiding students through interactive activities with patty paper to help
them understand the derivations of the rectangle, parallelogram, triangle, and trapezoid area formulas.

© 2023 International Consortium for Research in Science & Mathematics Education (ICRSME)
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At the end of the lesson, she had the students apply their new knowledge by finding the areas of
“Crazy Shapes,” an activity adapted from Aichele and Wolf (2008, p. 18). An example figure is
provided in Figure 1.

Figure 1

Crazy Shape (Aichele & Wolf; 2008, p. 18).
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She anticipated that students would divide the large crazy shape into smaller squares,
rectangles, parallelograms, triangle, or trapezoids, find their areas, then add these areas together to find
the area of the large crazy shape. However, as she walked around the room, she noticed one student
was partially dividing the crazy shape into triangles, using the formula b X h to find the triangles’ areas.
Interested in this student’s thought process, the first author initiated the following discussion:

Cory: Why b X h for the area of a triangle?

Student: Because that’s how we find the area of triangle!

Cory: How does the area of a triangle relate to the area of a parallelogram?
[Extended silence.]

Cory: Do you remember that a triangle’s area is always half a parallelogram’s area?
[Extended silence.]

Cory: So, what is the area formula for a triangle?

Student: It’s always base times height.

After teaching the “Area of Polygons” lesson a few more times in other sections of the course,
the first author noticed similar responses from a number of students. These students seemed to be
associating area with “base times height” or “length times width” no matter the type of shape. The
first authot’s experiences initiated a series of lesson revisions intended to better enable students to
grasp and retain an understanding of the connections between polygonal area formulas, specifically

: 1. .
targeting the S in the triangle area formula.

Study Background and Guiding Conceptual Framework

In our work with elementary PSTs, our research team, composed of five mathematics teacher
educators (MTEs), embarked on a multi-year effort to improve learning opportunities for our students
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using guided notes across the sequence of mathematics courses for future elementary teachers. At our
Southeastern, public university with a Hispanic Serving Institution (HSI) designation, our student
population includes 45% first-generation undergraduates and over 75% of the students are employed
while pursuing their degree. Our PSTs take three required elementary foundations mathematics
content courses in the mathematics department and one mathematics methods course in the education
department. Our team, initially consisting of three mathematics faculty and two education faculty,
began our curriculum improvement efforts in response to observations about students’ struggles that
we routinely observed semester to semester across these courses. These efforts are summarized in the
Guided Mathematics Vocabulary (GMaV) Conceptual Framework in which we position students’
constructed knowledge at the intersection of an explicit focus on mathematics vocabulary and the use
of contextualized problems using the curriculum tool of guided notes. See Figure 2 for this
information.

Figure 2

GMal” Conceptual Framework (Bullock et al., 2021).

Guided Notes

Constructed
Knowledge

We acknowledge, seek to understand, and account for the mathematical knowledge that our
students bring to our classrooms as we strive to support students’ construction of knowledge. Specific
insight into these ongoing curriculum and assessment reform efforts can be read in more detail
elsewhere (Bullock et al., 2021; Ray et al., 2023).

As a part of our curriculum and assessment reform work, we focused on key topics or lessons
that could be refined and adjusted to better support students’ mathematical vocabulary understandings
and, more broadly, address common areas of misconceptions or difficulty. One specific lesson that
stood out to us in MATH 1385 was the “Area of Polygons” lesson (hereafter referred to as the
“lesson”). We wanted our students to “look for and make use of structure” (CCSSI, 2010, p. 8) as they
make connections between the polygonal area formulas. This Standard for Mathematics Practice
(SMP) detailed in the Common Core State Standards for Mathematics (CCSSM), emphasizes the
importance of recognizing and analyzing patterns and structures of mathematical objects. Within the
context of polygonal area, we often noticed students arriving to MATH 1385 with a memory of area
involving the multiplication of attributes but lacking a robust conceptual understanding of polygonal
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area. Additionally, even after the original lesson, students were not leveraging connections between
the polygonal area formulas to complete higher level tasks.

Relevant Research Literature
Cognitive Load Theory

As we worked to develop and refine our lesson, we utilized various aspects of cognitive load
theory. According to cognitive load researchers (Ayres, 20006; Pass et al., 2003), learners have a limited
working memory, the space in the brain where all conscious cognitive processing occurs. Researchers
posit that working memory may only be able to handle two to three new ideas, or elements, at a time.
Thus, the instructor’s goal is to load as little of the students’ working memory space as possible so
that novel ideas can be learned efficiently. As a student learns the knowledge elements associated with
a particular mathematical concept, the student may incorporate (and perhaps automate) those
elements into what is called a schema, or web of ideas. Once a schema is formed in a student’s long-
term memory, their working memory can more easily process related novel ideas and hook them into
the already existing schema. Ultimately, a student’s schema is so well-learned that it begins to act like
a single element, thus vastly expanding the processing capability of working memory.

As a student learns a new mathematics concept, three types of cognitive load may use up the
space in working memory: a) intrinsic, b) germane, and c) extraneous. Intrinsic load results from the
interactivity of elements that are essential or intrinsic to understanding a certain mathematical concept.
For example, to understand the triangle area formula, a student might need to understand the
elemental definitions of area, triangle, parallelogram, base, height, the multiplication operation, as well
as the fractional concept of % These elements interact together to create the triangle area formula. The

more elements necessary for understanding a concept, the higher the intrinsic load will be. Germzane
load refers to the cognitive activity necessary for a student to form a schema from the necessary
knowledge elements. An instructor might influence germane load by creating, for example, activities
that involve productive struggle, thus providing students opportunities to engage deeply with the new
elements involved in the mathematics concept. Extraneons load involves unnecessary cognitive activity
resulting from the way the instructor or textbook presents the information. For example, instructional
materials may misdirect attention to nonessential aspects of the concept or needlessly require learners
to search for relevant information.

According to cognitive load theory, the instructor’s goal is to eliminate extraneous load and to
decrease intrinsic load through carefully timing and scaffolding the introduction of essential elements.
This in turn frees up a student’s working memory for a higher germane load so that a robust schema
can be developed.

Bruner’s Levels of Developmental Learning

We posit that one way to scaffold the introduction of intrinsic knowledge elements so as not
to overload working memory, and also guide the instructor in creating activities that boost an
appropriate level of germane load, is to incorporate Brunet’s levels of developmental learning. These
three progressive levels are 1) enactive, 2) iconic, and 3) symbolic (Bruner, 1986; Reys et al., 2012). At
the enactive level, students build initial connections between new knowledge elements by participating
in activities that involve manipulating, constructing, and arranging real-world objects related to the
concept. At the iconic level, students strengthen the previously formed connections and build further
connections by participating in activities involving using pictures, images, or other representations of
the concept. By the time students reach the symbolic level, a schema has been formed and students
are ready to take part in activities that help them connect their work at the enactive and iconic levels
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to abstract symbolic representations of the concept. With time, students are able to manipulate and
use the symbolic representations flexibly and efficiently without referring to their enactive or iconic
counterparts. This may indicate that their schema has been encapsulated as a single knowledge
element.

Area of Polygons

In our quest to develop a more effective lesson, we began by consulting the literature. Our
search revealed an article by Neatrour (1991), which catalogued his methods for demonstrating various
polygonal area formulas. We were especially interested in his two methods for the area of a triangle.

For his first method, he began by making a cut parallel to one of the bases of the triangle
through the midpoint of the triangle’s height (or altitude). See Figure 3 for an illustration.

Figure 3

Neatrour’s (1991) Methods for the Area of a Triangle.
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He then cut the resulting smaller triangle on top into two smaller right triangles. He rotated
each smaller right triangle by 180° and translated them to the right and left of the bottom piece of the
original triangle to create a rectangle. In Figure 3, we see that the bases of the original triangle and the
rectangle are the same, but the height of the rectangle is now half the height of the original triangle.
Thus,

_ _ 1, . 1
Aoriginal triangle _Arectangle_base X ghelght =5 X b Xxh
For his second method, he began by making the same parallel cut as before. However, this time, he

simply rotated the resulting smaller top triangle 180° and translated it down to create a parallelogram.
This time, if a student knows the parallelogram area formula, the triangle area formula is forthcoming:

- — 1 . 1
Aoriginal triangle — Aparallelogram = base x ghelght =X bxh
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We noticed that Neatrour’s (1991) methods focused both on conserving area and halving
attributes while at the same time, involved grid squares. While we appreciated his approach, we felt
our students might become overloaded if these intrinsic knowledge elements were introduced initially
and simultaneously. Instead, we wanted students to have plenty of room in working memory to
grapple with the intrinsic idea that a triangle is half a parallelogram. This was the overall relationship
we wanted them to experience and remember.

Methodology

This study builds on an existing study utilizing a qualitative, grounded theory, pedagogical
action research design (Norton, 2018), in which MTE faculty collaborated to revise the guided notes
for mathematics content courses for PSTs. The MTEs in the original study utilized this approach as
we explored the pedagogical issue of students’ struggles with mathematics vocabulary and
methodically developed steps to address these issues. This work resulted in the development of the
GMaV Framework detailed eatlier (Bullock et al., 2021, see Figure 2) and led to the development of
assessment tools for mathematics vocabulary (Ray et al., 2023).

Research Question

In our current study, the authors, two MTEs from the original research team, extended the
existing pedagogical action research efforts, to address the pedagogical issue of Math 1385 students’
struggles related to polygonal area. Building on the larger group’s curriculum revision efforts, we
sought to find research-based ways to refine and adjust our existing polygonal area lesson to address
these struggles. Thus, we asked the following research question: How can we utilize cognitive load
theory and Bruner’s levels of developmental learning (Ayres, 2006; Pass et al., 2003) to adapt an
existing lesson to address students’ struggles specifically related to triangular area?

Data Collection and Analysis

As part of the larger study, during the Spring 2022 semester, we began reviewing the 24 sets
of guided notes from Math 1385, along with another MTE from the research team. From this, we
decided the guided notes for the “Area of Polygons” lesson would be a beneficial candidate for
revisions. The lesson revisions would be our main source of data. This decision came in response to
observed students’ struggles with polygonal area lingering after the original lesson was taught.

To analyze the lesson revisions, we conducted iterative, thematic analyses and case comparison
(Corbin & Strauss, 2008; Glesne, 2000) during the Fall 2022 semester. Here, we analyzed the iterations
of the lessons based on the content and nature of the lessons. Then, we compared these iterations to
one another and to the polygonal area approaches found in the research literature (Neatrour, 1991).
To summarize our findings, we visually represented the approaches of the polygonal area lessons in
comparison to one another to explore how these approaches could be viewed through the lenses of
cognitive load theory and Bruner’s levels of developmental learning.

Findings: Iterations of the “Area of Polygons” Lesson

In our findings, we detail our adjustments and refinements to the lesson, specifically focused
on the lesson portion involving triangular area. We outline what we found when analyzing a) the lesson
portion leading up to triangular area, b) the original lesson portion involving triangular area, and c) the
iterative refinements of the triangular area portion, as informed by cognitive load theory and Bruner’s
levels of developmental learning.
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Background: Leading Up to Triangles

In this study, our focus is on our revisions of the triangular area portion of the lesson.
However, during the lesson’s initial portions leading up to triangle area, students explored pertinent
vocabulary and other area formulas intrinsic to the triangle area formula. Students began by exploring
the definitions of base and height and labeling the bases and heights of various sets of congruent
shapes in different orientations. See Figure 4 for this information.

Figure 4

Exploring Bases and Heights in Different Orientations.
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By providing both visual and verbal representations of this vocabulary at the beginning, we were
carefully timing the introduction of knowledge elements intrinsic to the triangle area formula so that
the terms would be available for students to use throughout the lesson. Next, the class studied the
rectangle, dividing it into an array of smaller squares to better understand why its area formula is base
times height. From there, the lesson moved to parallelograms where students cut parallelograms into
two parts along their heights, rearranged the resulting pieces to make a rectangle, and thus, showed
that area is still just base times height. Here again, we were scaffolding the recall of the intrinsic
elements of area and parallelogram in preparation for the triangle area formula.



A PEDAGOGICAL ACTION RESEARCH STUDY 27

Cory’s Original Triangle Area Approach (Version 1.0)

In the original triangle area portion of the lesson, Cory began by giving students six
congruent isosceles triangles in their guided notes. She asked student to come up with at least three
strategies a young child might use to find the area of the triangle. In the larger class discussion,
students shared multiple different approaches. See Figure 5 for details on these approaches.

Figure 5

Student Strategies for the Area of a Triangle (1 ersion 1.0).
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One student split the triangle up into small squares, piecing together left-over parts to make
full squares. Another student split the triangle into two smaller right triangles and put the two right
triangles together to make a rectangle with the same area as the original triangle. A third student also
split the triangle into two right triangles but copied the two right triangles to make a large rectangle
with area double the original triangle. Surprisingly, a fourth student found the area of a large rectangle
encompassing the triangle. She then combined the extra areas inside the large rectangle but outside
the triangle to form a smaller rectangle and subtracted the area of the smaller rectangle from the area
of the large one. A fifth student was determined to use the triangle area formula, even though Cory
had requested them not to.

After this exploration, Cory narrowed the focus to one specific method for finding the area
of a triangle. This method is illustrated in Figure 6.
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Figure 6

Original Triangle Area Approach (Version 1.0).
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Students copied a given triangle on a patty paper, rotated it upside down, and traced it next to the
original triangle to make a parallelogram. The class discussed the fact that the area of the triangle is
one-half the area of the parallelogram. Students also noticed that the base and height of each triangle
and resulting parallelogram are the same. Therefore, the class concluded that the formula for the area
of the triangle must be one-half the formula for the area of a parallelogram (i.e., Arrigngie = % X b x h).
Cory then had the class practice this method on another triangle. However, as detailed above in Kayla’s
approach, many students did not seem to retain the importance of the iin the area of a triangle
formula.

After discussing this original version of the lesson, we realized that if we wanted students to
grasp this concept, we needed to eliminate any extraneous cognitive load and decrease any intrinsic
load, which we considered unnecessary at this point in the learning process. While not useless, the
first activity with the six isosceles triangles, as well as the emphasis on conserving the base and height
in the second activity, could be deemed either extraneous or not intrinsic to the overarching
importance of the % in the triangle area formula. We knew we needed to revise this lesson with the
goal in mind.

Cory’s Approach (Version 2.0)

For our first attempt at a new lesson on triangle area, we created three different parallelograms,
labeled the base and height in each one, and strategically marked two opposite vertices. See Figure 7
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for this information. The students were to color and cut out the three parallelograms before class
began. During the lesson, students followed the instructions below in their small groups:

DRAW a diagonal between the two vertices shown.

CUT along the diagonal to create two smaller shapes.

3. RECORD as many observations as you can about the two smaller shapes. Use
your geometric vocabulary!

s

Figure 7

Cory’s Approach (Version 2.0).
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Cory then facilitated a whole class discussion about students’ observations. For each
parallelogram, as anticipated, the students observed that the two smaller shapes were congruent
triangles with the same area. They also named the two triangles with the appropriate descriptors
(equilateral, scalene, and isosceles). Cory also hoped that the strategic marking of the vertices might
help the students easily notice that the base and height of each parallelogram, and its resulting triangles,
are the same without causing an intrinsic overload. However, only one student mentioned this.
Furthermore, she commented that it was difficult to see the height on the third parallelogram since it
had to be drawn outside the shape. The discussion ended by the class highlighting the relationship
between the area of a triangle and the area of a parallelogram: No matter the triangle type, a triangle
is always half a parallelogram. Therefore, the triangle area formula is:

1

— 1 . 1
Atriangle - EAparallelogram 5 X base X helght = 2 XbXh

We felt this lesson was an improvement over the previous version because it did a better job
highlighting the structural relationships between the areas of a triangle and a parallelogram without
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overloading the students with untimely intrinsic elements. However, although the visuals seemed
powerful, many students did not appear to deeply engage with the concept. We pondered: Had the
students developed robust, meaningful, and lasting connections between triangles and parallelograms?
Had their germane load been increased enough for students to begin construction of a triangle area
schema in long-term memory?

Cory’s Approach (Version 3.0)

Our next reimagining of the triangle area lesson began by dividing the students into groups of four
and assigning each group member one of the sets of three congruent triangles in their guided notes.
Each set contained a different triangle type. Cory asked the students to do the following with their set
See Figure 8 for an illustration:

1. NAME the triangle with two vocabulary words: Equilateral, Isosceles, Scalene,
Acute, Right, Obtuse.

2. COPY the triangle onto patty paper.

ROTATE the patty paper triangle upside down.

4. TRACE the upside-down triangle next to the original triangle to a create a 4-
sided shape. See if you can do this in 3 different ways!

5. WRITE “P” next to the 4-sided shapes that are parallelograms. Share your
work with the others in your group.

Bl

Figure 8

Cory’s Approach (Version 3.0)
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After students completed the work for their set, Cory displayed a completed worksheet so everyone
could see the correct results for all sets. As in the eatlier versions, the lesson ended with a discussion
emphasizing that, no matter the triangle type, the area of a triangle is half the area of a parallelogram,
along with an opportunity for students to connect this concept to the symbolic formula:

Atriangle — % Aparallelogram — % X base X height = % XbXh
This lesson iteration provided an opportunity for students think more deeply about the
different ways two congruent triangles could form a parallelogram (an increased germane load). Also,
we wondered if seeing the numerous Ps covering their worksheets would make a helpful impression
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(an increased but timely intrinsic load). At the same time, the lesson posed some difficulties. Many
students struggled to rotate their patty paper triangles 180°, creating kites rather than parallelograms
(an extraneous load). We wondered what we could do reduce any confusion with the patty paper tool,
yet still retain the germane problem-solving aspect of the lesson.

Cory’s Approach (Version 4.0)
Version 4.0 of the triangle area lesson began by dividing the students into groups of four and

giving each group member a pair of congruent laminated triangles, each pair of a different type. Cory
asked the students to do the following:

1. Describe your two congruent triangles with two geometric terms: Acute, Right,
Obtuse, Equilateral, Isosceles, Scalene.

2. How many different ways can you create a parallelogram with your two congruent
triangles?

Before sending them off to work, Cory reviewed the definitions of parallelogram and kite,
making sure students recalled the properties of these shapes. Then, after sufficient individual problem-
solving time, various students shared their findings with the whole class, using their laminated triangles
to demonstrate the different ways they made a parallelogram. Afterward, the students recorded their
work using patty paper for their assigned triangle type on a worksheet similar to the one from Version
3.0. Finally, each group member shared their expertise by recording their work on their group
members’ worksheets for them. As in previous iterations, the lesson concluded with the full class
highlighting the fact that a triangle is always half a parallelogram, no matter the triangle type, and by
connecting this concept to the algebraic formula.

This fourth lesson iteration seemed to provide four main benefits. First, it scaffolded students’
construction of a triangle area schema through Bruner’s levels of developmental learning. In our
lesson, students began by engaging in a hands-on activity involving laminated triangles, in line with
Bruner’s level one (enactive). Students next created pictorial views of their findings with patty paper,
thus transferring their thinking to the pictorial representations detailed in Bruner’s level two (iconic).
Our lesson concluded with a discussion aimed at connecting the visual concept of a triangle being half
a parallelogram to the symbolic "2 in the triangle area formula, aligned with Bruner’s level three
(symbolic).

Second, our fourth iteration involved a stronger germane load. Students were required to
problem-solve as they thought deeply about the intrinsic definition of a parallelogram and as they
utilized their spatial visualization skills to create parallelograms from triangles.

Third, rather than having Cory share the correct answers as in Version 3.0, this iteration made
students responsible for their portion of the activity, requiring them to share their expertise with
others. This gave them further opportunity to strengthen long-term connections within their triangle
area schema.

Fourth, the revised lesson focused students on the big idea that the area of the triangle is half
the area of a parallelogram rather than diverting students’ attention to the details of grid squares and
attributes (an untimely intrinsic load), which while important, seemed to prevent some students from
grasping the overall concept.
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Summarizing Our Findings: Two Approaches Towards Area of Polygons

From the iterations of the triangular portion of the lesson and our comparison to Neatrour’s
(1991) suggested strategies for students’ exploration, two main approaches towards teaching polygonal
area emerged. These two approaches emphasized conservation of area of polygons in different ways.
Neatrour’s approach focused on the details of finding polygonal area, including figure attributes and
square units, while Cory’s revised approach highlighted the comparisons of areas of figures. These
two approaches are summarized in the provided visual comparison show in Figure 9, where we see
the strategies suggested by each approach when transforming between pairs of four different polygons
— rectangle, parallelogram, triangle, and trapezoid. The arrows in the diagram indicate the two shapes
involved in the corresponding transformation. Each arrow includes a visual representation of the
corresponding transformation between the two indicated shapes suggested by each approach.

Figure 9

Visual Comparison of Neatrour’s (1991) and Cory’s Approaches.
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In the visual summary (see Figure 9), Neatrour offers options for considering the relationships
between area of polygons. For example, Neatrour details multiple pathways for transforming
trapezoids and triangles into parallelograms or rectangles. Additionally, Neatrour’s suggested strategies
emphasize figure attributes, such as base and height, and how transforming shapes from one to
another changes these attributes or repositions these attributes as components of a transformed shape.
For example, the transformation of a triangle into a parallelogram leads to a parallelogram with the
same base length as the original triangle but with a vertical height that is half the height of the original
parallelogram. Additionally, looking across the suggested strategies, Neatrour’s choice to impose
polygons on a grid visually emphasizes square units and may encourage students to only view area as
determined by the number of boxes, or units, inside the shape.

Like Neatrour, in the beginning portion of Cory’s lesson, she highlighted the definitions of
base and height and square units inside a rectangle. However, her revised portion of the lesson
involving triangles offers an alternative emphasis. As shown in the visual summary (see Figure 9), Cory
offers a single pathway for transforming between the four different shapes, from rectangle to
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parallelogram to triangle to trapezoid and vice versa. Essentially, these strategies build from one area
formula to the next without using labeled attributes or grid squares. Thus, unlike Neatrour, Cory’s
revised approach includes fewer choices for transforming between shapes and intentionally highlights
area comparison as a way for students to make connections between polygonal area formulas. Also,
by refraining from labeling attributes or using grid squares, Cory’s approach eliminates extra chatter in
the form of additional detail that may be useful or meaningful for some students but not necessary to
build up and explicitly connect between the polygonal area formulas. In other words, Cory’s approach
more readily favors the big idea of area comparison, rather than the details of the polygonal figures.

In summary, our evolving approaches towards polygonal area eliminated extra detail and
provided students with a single pathway for building from one shape to the next, thus minimizing
extraneous load and introducing intrinsic load in a timely fashion, rather than overwhelming working
memory with multiple pathways. We posit that this approach helped students develop stronger initial
connections between the polygonal area formulas. We are not suggesting that details of attributes and
grid squares or the use of multiple and varied approaches are not important. Instead, we propose that
more comprehensive approaches could perhaps be explored once students have a clear foundational
understanding of the conceptual connections between area of polygon formulas, or that these
additional approaches could allow room for differentiation when students exhibit varying levels of
understanding.

Discussion and Implications

In this study, we explored iterations of an “Area of Polygons” lesson using the lens of cognitive
load theory. In the process, we became aware that a thoughtful consideration of the layout of our
lesson in terms of Bruner’s levels of developmental learning helped us better leverage the tenets of
cognitive load theory. Particularly, we were better able to scaffold students’ construction of a triangle
area schema by intentionally moving them through the three levels. Moreover, to increase the germane
load necessary for creating stronger, stable schemas, we increased the problem-solving necessary at
the enactive and iconic levels. Additionally, at each level, we recognized the need to reduce or eliminate
extraneous and untimely intrinsic load which was distracting our students from grasping the big idea
of the lesson. Thus, combining Bruner’s levels with components of cognitive load theory provided us
frameworks for revising the lesson in a powerful way.

We posit that these frameworks could be useful for effectively adapting instruction across the
grade levels and mathematical content to help students create strong schemas around any
mathematical topic. More broadly, we suggest that these frameworks offer flexibility in considering
the unique contexts, backgrounds, and needs of learners. For example, if advanced students are ready
for additional intrinsic load, they may benefit from explorations involving more detailed information
that could be considered “chatter” for other students. Additionally, these frameworks provide explicit
language and resources for instructors to improve curriculum materials and learning experiences
across a wide range of mathematical content. Our study focused specifically on polygonal area, but we
anticipate many other content areas where students traditionally struggle could also benefit from a
review using our combined frameworks. In conclusion, cognitive load theory and Bruner’s levels of
developmental learning proved to be useful lenses for our curriculum redesign efforts.
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ABSTRACT

A key component of student mathematics achievement relates to the cognitive domains. This paper
examines student mathematics achievement in three cognitive domains (knowledge,
comprehension, reasoning) as per different achievement grades, across four years (2015, 2016, 2018,
2019), and by gender. This study used the Caribbean Secondary Education Certificate (CSEC)
mathematics results across four years from the Caribbean Examinations Council (CXC), which is
the main public examination board in the Caribbean. The sample constituted 69,945 public school
students from 161 secondary schools in Jamaica. The study found a regular pattern of cognitive
domain performance at all grade levels and in each of the four years under consideration. Students
performed best in the knowledge domain, followed by comprehension, and then reasoning.
Students with the highest overall achievement demonstrated the highest achievement across the
three domains and there was also a strong, significant, positive correlation between students’ overall
grades, that related to knowledge, comprehension, reasoning, and the cognitive domains. Another
key finding was that for the knowledge and comprehension domains there was a significant
difference in the performance of males and females in favour of females, but the related effect sizes
were minimal. Practical implications and potential directions for future research are discussed.

Keywords: mathematics achievement, cognitive domains, gender
Introduction

In present-day societies, proficiency in mathematics is considered to be a central scholastic
imperative (Mullis et al., 2012). It is a prerequisite to attaining educational and vocational success,
especially in careers related to science, technology, mathematics, and engineering (STEM), and in
navigating daily living (Hefty, 2015; Siegler et al., 2012). At the end of high school, evidence of
students’ mathematics proficiency is often the attainment of a qualification that indicates a passing
grade in some standardized, high stakes, exit examination. This qualification is significant since it
serves as the main matriculation requirement for further studies and employment.

Performance outcomes in the form of scores, or grades students receive from completing
these mathematics examinations, reflect their knowledge and skills of content-related subject matter
such as that related to specific strands in mathematics like Geometry or Algebra. For some
examination bodies or examining boards, these scores also reflect cognitive dimensions or domains,
such as knowing, applying, and reasoning which relate to the thinking processes that students are
expected to utilize as they engage with different mathematical topics and tasks (Harks et al., 2014;
Mullis et al., 2020). In regard to the cognitive domains in particular, which is a key focus of this paper,
Nilsen et al. (2016) stated that students “do not just need knowledge in mathematics, but must also
be able to apply knowledge and conceptual understanding in different contexts, and to analyze and
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reason to solve problems” (p. 7). This is highlighted as a key outcome of mathematics teaching and
learning in frameworks in mathematics (e.g., Schoenfeld & Kilpatrick, 2008), mathematics
curtricular/policy documents (Catibbean Examinations Council, 2015; Department for Education,
2013; National Council of Teachers of Mathematics, 2014) and international assessment frameworks
in mathematics such as the Trends in International Mathematics and Science Study (TIMMS) and
Programme for International Student Assessment (PISA) (Mullis et al., 2020; Programme for International
Student Assessment, 2021).

While students’ scores capture multiple elements of their knowledge and skills, Steiner and
Ashcraft (2012) note that this achievement is not uniform. In other words, two students who obtain
the same grade in an assessment may differ widely in their cognitive dimensions and/or content
knowledge. Dogan and Tatsuoka (2008) also note that assessment reports that provide only total
scores of examinees are limited in that they do not offer insights into areas of students’ mathematics
difficulties. Consequently, the present author asserts that investigating achievement from the
perspective of overall grades provides just one of several possible dimensions related to student
achievement. It is important that research focus on a multiplicity of perspectives in order to gain a
more in-depth and comprehensive portrait of student achievement. Further, unpacking students’
achievement in high stakes examinations also provides insightful observations to countries, in
particular “educational policymakers, administrators, teachers, and researchers ...in understanding
educational outcomes more fully, which is a core concern of effective educational planning and
reform” (Mullis et al., 2012, p. 1). An example of this is seen in research undertaken by Shalem et al.
(2013) who reported that as South African teachers participated in curriculum mapping of large-scale
assessments, they gained an understanding of both the specific, grade-level content that was assessed
and the related cognitive demand. Teachers were then better able to evaluate their classroom practice
and understand the curriculum.

While there are several frameworks for presenting elements of the cognitive domain, arguably,
Bloom’s taxonomy is one of the most widely used and well-established in education, especially in
relation to developing achievement tests and interpreting these test results (Webb, 2020). The original
taxonomy, that has since been revised, is organised within a triangle and comprises six levels related
to the cognitive domain: knowledge, comprehension, application, analysis, synthesis, and evaluation.
The present author notes that although extensively adopted in practice, Bloom’s taxonomy has also
faced considerable critique. For example, whereas many practitioners perceive the elements of the
taxonomy to be hierarchical (Webb, 2012), this notion has been disputed and instead it has been
proposed that these components are merely a set of categories (Postlethwaite, 1994). Notwithstanding
the aforementioned, the elements of Bloom’s taxonomy build on each other (Thomson, 2006). Mullis
et al. (2003) also alluded to this and stated that “facility in using mathematics, or reasoning about
mathematical situations, depends primarily on mathematical knowledge” (p. 27). Mullis and Martin
(2017) add that “without access to this knowledge base ... students would find purposeful
mathematical thinking impossible” (p. 23). A comprehensive critique of Bloom’s taxonomy is beyond
the scope of this paper. However, Webb (2020) notes that although not explicitly acknowledged, the
influence of this taxonomy on large-scale, high stakes assessments, such as the TIMMS is apparent.
To date, students’ cognitive dimensions (e.g., knowing, understanding, reasoning) in examinations
have received far less scholastic attention than content-specific components of a given curriculum
(Harks et al., 2014). The present author surmises that this may be related to the performance outcome
reporting formats that examining bodies use, and/or the type of data these bodies collect on student
achievement. For example, very few examining bodies report student outcomes as per cognitive
dimensions. Thomson (2006) also notes that

The content domains are fairly, consistently, and readily found in the curricula of the
. . . . y’ y, y
participating countries, and are the subject of the major international and national reports for
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TIMSS. Developing reliable and valid achievement scales for the cognitive domains is not as
straightforward. (p. v)

Notwithstanding the aforementioned, since the development of a range of cognitive skills in
mathematics is an educational imperative, and that there is general consensus within mathematics
education that assessing and reporting elements of the cognitive domain is important (Harks et al.,
2014), research, such as the current one, that focuses on exploring student achievement in this regard
is significant. In addition to this, Suurtamm et al. (2016) note that “If the enacted curriculum of the
classroom and the assessed curriculum are to inform each other and to enhance student learning in
positive and productive ways, then large-scale, external assessments cannot operate in isolation from
the classroom” (p. 22). This assertion points to another benefit of this research in relation to its
potential to positively impact teachers’ classroom practice.

Research Context: Assessing and Reporting Mathematics Achievement
CSEC Mathematics Examination

In the English speaking Caribbean, at the end of high school, most students generally sit for
the Caribbean Secondary Education Certificate (CSEC) mathematics examinations to obtain their
qualifications in mathematics. These examinations are administered by the examining body, the
Caribbean Examinations Council (CXC"), and are offered at the General Proficiency level in June and
January annually. In terms of international comparison, the CSEC mathematics syllabus states that
“the competencies and certification acquired upon completion of this course of study are comparable
with the mathematics curricula of high schools world-wide” (Caribbean Examinations Council, 2015,
p. 1). Hence, the present author opines that the findings of this study are very likely to be important
and applicable beyond the local context.

The CSEC mathematics examination comprises an external and internal assessment
component weighted 80% and 20%, respectively. The external component consists of two papers,
Paper 01 and 02, that account for 80% of the overall grade. Paper 01 is worth 30% of the final grade
and has 60 compulsory, multiple-choice items while Paper 02 includes ten, compulsory, constructed-
response items, based on the nine topics and associated objectives covered in the mathematics
syllabus. Paper 02 contributes to 50% of the final grade. The internal assessment (Paper 03) is school-
based and requires examinees to demonstrate the application of mathematics in real life situations. In
this regard it comprises a project on any relevant topic, or combination of topics, that is assessed
internally by the teacher and externally by CXC (Caribbean Examinations Council, 2015).

CSEC Grade Reporting

For the CSEC mathematics qualification, student achievement is reported as grades denoted
by Roman numerals ranging from I-VI with I to III designated as passing grades. Each grade band
within each grading system has a cut-off point, however, CXC does not make its cut-scores public
(McPherson, 2020). Therefore, the range of raw scores within each grade is not known. Also, the

1'The Caribbean Examinations Council (CXC) is an examination board that conducts examinations, and awards
certificates and diplomas based on the results of these examinations in 16 Caribbean countries. The Caribbean
Secondary Education Certification (CSEC) is one of several qualifications offered for a range of subjects that
individuals would enrol in in high school. The CSEC typically and currently serves as the main matriculation
qualification for entry into postsecondary education in the Caribbean.
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percentage of the test that students would need to get correct to be considered passing is also not
made public. Table 1 presents the grades and the associated descriptors of performance.

Table 1

Descriptors of CSEC Performance Outcomes

Overall Grade Performance Descriptor Profile Grade Performance Descriptor
1 Outstanding A Outstanding

11 Good B Good

111 Fairly good C Fairly good

v Moderate D Moderate

A% Limited E Weak

VI Very limited F Poor

For the CXC, beyond reporting grades as Roman numerals, it reports achievement relating to
the cognitive domain as three profile dimensions on a scale of A-F (see Table 1). The profile dimensions
include knowledge (P1), comprehension (P2), and reasoning (P3), and specify the cognitive demand
of the items and questions in the CSEC mathematics examination (Caribbean Examinations Council,
2015). They also capture the thinking processes expected of students as they engage with the
mathematics content and are similar to some of the categories in the cognitive domain included in
Bloom’s Taxonomy (Bloom et al., 1956). For the CSEC mathematics examination, 30% of the items
are allocated to knowledge and reasoning, respectively, while 40% are aligned to the comprehension
dimension. Table 2 provides a breakdown of marks and percentage weightings in the examination
components by profiles.

Table 2

Assessment Items by Profiles and Item Format on the CSEC Mathematics Examinations (Caribbean
Examinations Council, 2015, p. 5)

Profiles No. of Marks in Examination Components Total
Paper 01 Paper 02 Paper 03
Multiple Choice Constructed Response School Based
Knowledge 18 30 12 60 (30%)
Comprehension 24 40 16 80 (40%)
Reasoning 18 30 12 60 (30%)
Total 60 (30%) 100 (50%) 40 (20%) 200 (100%)

The Caribbean Examinations Council (2015) informs that the profile ‘Knowledge’ requires
examinees to recall rules, procedures, definitions, and facts. Items that align to this profile are
characterised by rote memory, simple computations, and constructions, while ‘Comprebension’
necessitates algorithmic thinking, whereby algorithms are used and applied to familiar problems. In
this context, therefore, comprehension is not considered to be the same as reasoning and solving non-
routine problems. It further adds that the ‘Reasoning profile dimension encapsulates several
competencies. These include the (i) translation of non-routine problems into mathematical symbols
and then choosing suitable algorithms to solve the problems; (if) combination of two or more
algorithms to solve problems; (iif) use of an algorithm or part of an algorithm, in a reverse order, to
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solve a problem; (iv) making of inferences and generalisations from given data; (v) justification of
results or statements; and (vi) analysis and synthesis of mathematical data. Two exemplars of specimen
CSEC mathematics examination questions, the related solutions, and related profile dimension
allocation are presented in Figures 1-4 in the Appendix.

The profile dimensions of the CXC align very closely with the notion of cognitive domains or
dimensions used by the TIMSS, which is an international assessment of mathematics and science at
Grades 4 and 8. TIMMS has been conducted quadrennially since 1995. Similar to the CXC, the
TIMMS is large-scaled and reports student achievement using three cognitive domains, namely,
knowing, applying and reasoning. Mullis and Martin (2017) inform that:

knowing, covers the facts, concepts, and procedures required by students, applying, focuses

on the ability of students to apply knowledge and conceptual understanding to solve problems

or answer questions, and reasoning, goes beyond the solution of routine problems to

encompass unfamiliar situations, complex contexts, and multistep problems. (p. 22)

Table 3 shows the distribution of assessment items by cognitive domain and item format.

Table 3

Distribution of Assessment Items by Cognitive Domain and Item Format in the 2011 TIMMS

Cognitive Domain Multiple Choice Constructed Response % of Score Points
Knowing 43 30 39
Applying 34 41 41
Reasoning 16 21 20
Total 93 (50%) 92 (50%) 100

The TIMMS assessment differs from that of the CSEC in that it is conducted with Grade 8 students,
while the CSEC examination is typically completed by students at the end of high school. Additionally,
the TIMMS assesses four content domains- Number, Algebra, Geometry, Data and Probability,
whereas for the CSEC, nine content domains are assessed. In this paper cognitive
domains/dimensions and profiles are used interchangeably.

Overview of CSEC Mathematics Achievement in Jamaica

To provide a context for examining Jamaican public school students’ mathematics
achievement in each of the cognitive domains, this section provides an overview of their overall
mathematics achievement from 2009-2019 (see Table 4) in the CSEC mathematics examination which
is the main exit mathematics examination completed by Jamaican students at the end of high school.

Table 4 shows that over the period of 11 years from 2009-2019, on average, slightly over 50%
of the students who wrote the examination did not obtain a passing grade. This suggests that after
more than 11 years of formal, compulsory mathematics instruction, many students lacked the requisite
mathematical knowledge and skills to function effectively in everyday life and to pursue jobs and
educational opportunities that required a qualification in mathematics. This trend is consistent with
many international jurisdictions, whose learners also struggle with mathematics (Fenanlampir et al.,
2019; Nelson & Powell, 2018).

Student achievement as an educational concern and research focus is multi-dimensional and
can be explored in varied ways. While the data presented in Table 4 provides a general summary of
Jamaican students’ mathematics achievement, as previously stated, deeper insights can be gleaned by
focusing on different aspects of another layer of this achievement, the profile or cognitive dimensions.
In Jamaica, this has not been the focus of previous empirical exploration, but Cato (2020) explored



40  GEORGE

this among a sample of 370 students from the island of St. Vincent in the Caribbean using the 2017
May/June CSEC mathematics examination. This research differs from that of Cato (2020) in that it
uses population data and includes multiple examination years. To date, research related to student
mathematics achievement in Jamaica have only focused on students’ overall grades (e.g., Crossfield &
Bourne, 2017; George, 2020; George, 2013; Spencer-Ernandez & George, 2016).

Table 4

CSEC Mathematics Examinations Percentage Pass for |amaican Public Schools From 2009-2019

Year No. Sitting Grades Pass
I 11 111 No %

2009 19,990 1,623 2,508 4,054 8,185 40.9
2010 20,742 2,029 2,876 4,366 9,271 44,7
2011 20,850 1,652 2,527 4,139 8,318 39.9
2012 23,729 1,909 2,583 4,398 8,890 37.5
2013 22,870 1,764 2,910 4,985 9,659 42.2
2014 23,351 2,955 4,015 5,993 12,963 55.5
2015 23,639 4,203 4,692 5,762 14,657 62.0
2016 23,993 3,063 3,123 5,270 11,456 47.7
2017 23,567 2,751 3,312 5,775 11,838 50.2
2018 22,214 2,793 4,705 5,347 12,845 57.8
2019 21,320 1,748 4,212 5,685 11,645 54.6
Average (%) 10.8 15.2 22.6 48.5

Note. Data from the Jamaica Ministry of Education

Another aspect of achievement that this research explores is that relating to students who are
near proficiency levels or who are on the border of passing or failing high-stakes tests. This group of
students have been given a variety of labels, such as bubble students or kids (McNeil, 2002), cusp
children (Bradbury et al., 2021), borderline students (Amrein-Beardsley & Berliner, 2002) or near-
passing students (Rothman & Henderson, 2011) and have been given considerable focus in practice
(Minarechova, 2012). One reason for this emphasis is the significant impact that these students may
have on a school’s or district’s composite scores on a high-stakes test (Minarechova, 2012). In this
regard, Reback (2008) points out that in systems where examination pass rates are prioritised,
borderline students would have the greatest impact on a school’s performance measure. Another
reason is the perception and research finding that enhanced provisions to assist this group in making
gains in their achievement would allow them to pass high-stakes examinations, whereas this outcome
would be unlikely for lower-performing groups (Hutchings, 2015; Marks, 2014; Reback, 2008).

Considering the deleterious impact of low or no mathematics qualifications on an individual’s
educational and job prospects, the focus on this borderline group is important. McMahon (2022) notes
that there has been limited scholastic attention on the achievement of these students. Additionally, the
research context, like many developing countries internationally utilise a minimum competency school
accountability system that only include students’ test scores via pass rates. Also, the pass rate on
mathematics examinations has been historically low and resources are limited, therefore, there would
be an interest and emphasis in improving the performance of students who are on the margin of
passing by first exploring their examination performance in greater detail. McMahon (2022) adds that
a focus on this research domain could provide educational stakeholders with insights that could assist
them in more targeted interventions geared towards meeting the needs of this student group in a more
targeted way.

In this research, students who obtained Grades I1I and IV would be bordetline students. While
the possible grades for the CSEC mathematics examinations range from I-VI, this research focuses
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on students who received Grades I-111, which are passing grades, and Grade 1V, which is a borderline
failing grade. Grades V and VI are therefore not included in the current data analysis but could be
incorporated in future research. Students who obtained a borderline failing grade have not been the
focus of previous research relating to cognitive dimensions in mathematics assessments.

Stemming from the aforementioned, this paper aims to add to the existing literature both globally
and locally by investigating the profile dimensions in general and for the years 2015, 2016, 2018, 2019
as per students’ examination grades and gender. In particular, this research addresses the following
research questions:

1. (a) How does the profile (knowledge, comprehension, reasoning) performance of students
with Grades I-IV compare?
(b) What is the relationship between:
(i) students’ overall mathematics examination grade and each of the three profile
grades?
(i) the knowledge and comprehension domains; the knowledge and reasoning
domains; the comprehension and reasoning domains?
2. How do the profile grades bands (knowledge, comprehension, reasoning) of students with
passing grades compare (i) by year (ii) in general?
3. How do the profile grade bands (knowledge, comprehension, reasoning) of students with a
borderline failing grade (Grade IV) and a borderline passing grade (Grade III) compare?
4. Is there a statistically significant difference in the profile grades of students with passing
grades by gender?
H.: There is no significant difference in the profile grades of males and females.

Cognitive Dimensions in General and by Gender

Since research concerning the cognitive dimensions as conceptualised in this research is
limited, relevant research related mainly to the TIMMS assessment, which reports student achievement
as per the cognitive domain, is reviewed in this section. For the TIMMS assessment data for 2011,
2015 and 2019, there does not appear to be a pattern in achievement related to the three cognitive
domains of knowing, applying and reasoning. Based on the TIMMS 2019 mathematics assessment,
Mullis et al. (2020) report that more countries had a weakness in the knowing domain than in the
applying and reasoning domains. This contrasts with the 2011 assessment in which more countries
demonstrated relative strengths in knowing mathematics (i.e., recalling, recognizing, and computing)
than in applying mathematical knowledge and reasoning (Mullis et al., 2012). For the 2019 sitting,
reasoning was reported to be a relative weakness for approximately 44% (# = 28) of the countries
while applying was reported to be a relative strength for about 38% (#z = 24). Mullis et al. (2012)
informed that generally, the TIMSS 2011 participants with the highest achievement overall also had
the highest achievement across the cognitive domains.

Kaleli-Yilmaz and Hanci (2016) investigated the cognitive domain components of student
mathematics achievement in general and by gender of 652 eighth grade Turkish students (305 girls
and 347 boys). They used items from the TIMMS 2011 mathematics test and reported that students
performed best and worst on the applying and reasoning domains, respectively. Thomson (2006) who
explored TIMMS 2003 data with a specific focus on Australian student performance found that for
both years four and eight, students performed best in the reasoning domain. Furthermore, for Grades
four and eight, respectively, achievement relating to the applying and knowledge domains were lower
compared to the other domains. As it relates to the relationship between the cognitive domains and
mathematics achievement, Pogoy et al. (2015) used TIMMS 2011 data across countries and found a
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large, significant, positive relationship between each of the three cognitive domains and mathematics
achievement.

The present research aims to add to this existing empirical data by exploring assessment data
related to cognitive domains across four years instead of quadrennially like the TIMMS or cross-
sectionally (e.g., Kaleli-Yilmaz & Hanci, 2016) in order to investigate whether there are patterns of
performance. This study also explores the achievement of students with passing and borderline fail
grades to investigate the cognitive domain outcomes of students with different levels of mathematics
achievement to glean insights from this analysis.

As it relates to gender differences related to the cognitive domain components of student
mathematics achievement, Mullis et al. (20106) found, based on the 2015 TIMMS assessment, that the
assessment results “show an advantage for girls in the Reasoning domain” (p. 125). In the 2019
assessment, “boys had higher average achievement than girls in many countries in the cognitive
domains—31 countries in the knowing domain, 15 in the applying domain, and 28 in the reasoning
domain. Girls had higher average achievement than boys in all three domains in Oman, the Philippines
and South Africa (fifth grade)” (Mullis et al., 2020, p. 77). Mullis and her associates, however, did not
indicate whether these differences were significant. Kaleli-Yilmaz and Hanci (2016) also explored the
cognitive domain components of student mathematics achievement by gender and found that
although girls outperformed their male peers on all cognitive domains (knowing, applying and
reasoning), these differences were not statistically significant. This finding from Kaleli-Yilmaz and her
associate aligns with research on general mathematics achievement and gender among high school
students which have found no significant gender differences (Cimpian et al., 2016; George, 2022;
Lindberg et al., 2010; Lubienski & Pinheiro, 2020). Exploring achievement as it relates to gender
continues to be an important component of educational research considering the variability of findings
to date (Else-Quest et al., 2010; Forgasz, 2012; Leder, 2012). The sample from Kaleli-Yilmaz and
Hanci’s (2016) study is from Turkey, and Jamaica has not yet participated in the TIMSS. Therefore,
this research endeavours to add findings from another jurisdiction, the Caribbean, related to the
important research focus of the cognitive domains.

Research Design and Methods
Data for the Study

The author obtained data on Jamaican public-school students’ performance on the June sitting
of the CSEC mathematics examination from 2015 to 2019 from the Ministry of Education [Jamaica).
However, the profile dimension data were not available for 2017 and so were not included in the
analysis reported in this paper. The deidentified data for the June offering of the CSEC mathematics
examinations were chosen for analysis because most candidates in high school complete their
examinations within this period. Jamaica was chosen as the focus of this study because in the Anglo-
Caribbean, it has the largest number of candidates participating in CSEC mathematics examinations
annually which accounts for approximately 50% of the candidates examined. This substantial sample
would be adequate in providing answers to the study’s research questions and could also form the
basis for generalising the findings to Jamaica and the wider Caribbean. Additionally, this study builds
on recent previous research conducted in Jamaica relating to mathematics achievement (George, 2022;
Spencer-Ernandez & George, 20106) in order to establish a research base on this critical research topic.

Public-school student data were used because it accounts for most of the students who sit for
the CSEC mathematics examinations at the end of high school and was accessible to the author
through the Ministry of Education [Jamaica]. Data from private institutions, however, were not
available to the author. As per the data received, 168 schools entered candidates to sit for the CSEC
mathematics examination. Of the 168 schools, seven schools did not have data for all of the years
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(2015, 2016, 2018, 2019) that were relevant to this study. The data for these seven schools, which
corresponded to 786 students, were removed. Therefore, the data analysis centred on the data from

161 schools. The 161 schools accounted for 95.8% of the performance data for public school students
for four years 2015, 2016, 2018 and 2019.

The Performance Criterion

As previously stated, the CXC reports grades from the CSEC mathematics examinations on a
scale of I to VI. However, grades I — III are considered to be passing grades. The CXC also reports
profile dimensions (knowledge, comprehension, and reasoning) on a scale of A-F (see Table 1).

The Sample

The research sample was taken from candidates (IN = 89,719) from 161 public educational
institutions who sat for the CSEC mathematics examinations in Jamaica in 2015, 2016, 2018 and 2019.
For two of the four research questions (Questions two and four), data from students who passed the
CSEC mathematics examinations by obtaining Grades I-I1I were used. This represented 56% of the
students who sat for the CSEC mathematics examinations for the four years being considered in this
study. For research question three, the sample comprised 21,842 and 19,700 students who obtained a
Grade III (borderline pass) and Grade IV (borderline fail), respectively. Table 5 shows the number of
students in and gender of the sample for each of the four years under consideration.

Table 5

Sample Demographics

Gender Year Total

2015 2016 2018 2019 No Y

Students who obtained grade I-III

F 8,639 6,684 7,570 6,747 29,640 33.0
M 5,088 4761 5,182 4,674 20,605 23.0
Total 14,627 11,445 12,752 11,421 50,245 56.0

Students who obtained grade IV

F 2,032 2,146 3,690 3,474 11,342 12.6

M 1,570 1,604 2,696 2,488 8,358 9.3

Total 3,602 3,750 6,386 5,962 19,700 22.0
Data Analysis

Microsoft EXCEL 2016 and the Statistical Package for the Social Sciences (SPSS 21) were
used for the data analysis for this research. Each Roman numeral and letter grade was first converted
to a number (see Table 6) and then the requisite statistical analyses, as per the different research
questions, were undertaken.



44  GEORGE

Table 6

Grade and Profile Transformation Summary

Grade Equivalent Profile Equivalent
VI 1 F 1
\Y% 2 E 2
v 3 D 3
111 4 C 4
1I 5 B 5
1 6 A 6

The transformation of Roman numeral grades to a numeric form has been adopted in previous
research for investigating similar data from CXC (e.g., George, 2020; Griffith, 2013). While the use of
large-grain data (grades/profiles) may be seen as a limitation, the unavailability of students’ raw scores
made this the most pragmatic approach to the data analysis. In undertaking the analysis, the author
considered two options in interpreting the profile grades. The profile data could be considered to be
continuous in the same way that data from a Likert scale is widely treated although this is debated
(Catifio & Petla, 2008; Wu & Leung, 2017) and so parametric/non-parametric tests could be applied.
It could also be conceptualised as data that is ranked, and therefore can be considered to be interval
data or nominal data, and so Chi-Square tests would be performed. The author performed the analyses
related to each of the previously mentioned considerations and found that for each research question,
the conclusion for the statistical analyses done was the same. To answer research questions one(a),
two, and three, the current author found frequencies (totals and percentages) and carried out
descriptive statistical analyses (means, modes, and standard deviations). For research question one(b),
a Spearman's rank-order correlation was performed, while for the fourth research question, an
Independent Samples ~test was carried out.

In organizing and reporting the results to research questions two and three which focused on
profile dimension grade bands, after first examining the profiles individually and across the four years,
the number of students who obtained profiles A and B were combined to form a profile grade band
for top performance. The number of students who obtained profiles C and D, as well as E and F was
combined individually, to form a profile grade band for satisfactory and unsatisfactory performance,
respectively. This approach allowed for more efficient reporting of results since there are six profiles
and grades.

Results

Research Question 1a: How does the profile (knowledge, comprehension, reasoning) performance
of students with Grades I-IV compare?

Table 7 presents summary statistics (mean, mode, and standard deviation) for the individual
grades I-IV. An inspection of Table 7 shows that the students with the highest overall achievement
(Grades I and II) also demonstrate through the means, the highest achievement across the three
profiles.
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Table 7

Summary Statistics for Students with Grades I-I1”

Summary Statistics Knowledge Comprehension Reasoning

Overall for Students with Passing Grades

N 50,245 50,245 50,245
Mean 5.16 4.70 4.36
Mode 5.00 4.00 4.00
Std. Deviation 0.76 0.90 1.01
Grade IV

N 19,700 19,700 19,700
Mean 3.70 2.90 2.48
Mode 4.00 3.00 2.00
Std. Deviation 0.61 0.55 0.56
Grade III

N 21,842 21,842 21,842
Mean 453 3.88 3.53
Mode 5.00 4.00 4.00
Std. Deviation 0.54 0.47 0.52
Grade II

N 16,623 16,623 16,623
Mean 5.40 491 4.50
Mode 5.00 5.00 5.00
Std. Deviation 0.52 0.39 0.58
Grade I

N 11,780 11,780 11,780
Mean 5.99 591 5.72
Mode 6.00 6.00 6.00
Std. Deviation 0.10 0.29 0.46

For students who obtain the highest grade possible, which is a Grade I, the most common
grade for each of the three profiles is an A (Mode = 6), while for students who obtain a Grade II it is
a B (Mode = 5). The result is more nuanced for students who perform less well by obtaining a Grade
IIT or IV. In relation to the former group, for the knowledge profile, the most common profile grade
is B, while for comprehension and reasoning it is a C. For students who attain a Grade IV, only the
knowledge profile has a mode of 4 (profile grade C) which represents a fairly good performance. For
the comprehension and reasoning profiles, the performance is moderate and weak (profile grades D
and E), respectively. For students with passing grades (Grades I-I1I), the modal descriptor for the
knowledge profile is good (Mode = 5) while for comprehension and reasoning it is fairly good (Mode
= 4). This suggests that students that pass the CSEC mathematics examination generally perform very
well as it relates to the three profile or cognitive dimensions.

In addition, for all grade levels (I-1V), the knowledge and reasoning profiles have the highest
and lowest means, respectively. This suggests that students generally perform best in the knowledge
profile, followed by comprehension and then reasoning, in descending order. For the standard



46 GEORGE

deviation, this observation is reversed. This means that for each of the three profiles, the students
who obtain Grades I and IV appeared to be the most and least homogeneous, respectively, in terms
of achievement. The standard deviation for knowledge, comprehension, and reasoning, respectively
(0.76, 0.90, 1.01) suggest that there is greater homogeneity in profile performance for the knowledge
profile in comparison to that of comprehension and reasoning.

Research Question 1bi: What is the relationship between students’ overall mathematics examination
grade and each of the three profile grades?

For students with passing grades (Grades I- I1I), a Spearman's rank-order correlation was run
to determine the relationship between students' overall grade and their profile grade. Results of the
Spearman correlation indicated that there is a strong, positive correlation between the overall and
profile grade for knowledge, comprehension, and reasoning, which were all statistically significant
(rs(50,243) = .802, p <= .001); (rs(50,243) = .900, p <= .001); (rs(50,243) = .839, p <= .001),

respectively.

Research Question 1bii: What is the relationship between the knowledge and comprehension
domains; the knowledge and reasoning domains; the comprehension and reasoning domains?

The relationship between profiles was also explored. The analyses found that there was a
strong, positive, statistically significant correlation between the profile grades (knowledge and
comprehension; comprehension and applying; comprehension and reasoning. The knowledge profile
was more strongly correlated to the comprehension profile than the reasoning profile (rs(50,243) =
739, p <= .001); (£rs(50,243) = .680, p <= .001), respectively. The comprehension profile was more
strongly correlated to the reasoning profile than that of knowledge (rs(50,243) = .764, p <= .001);
(£5(50,243) = 739, p <= .001), respectively.

Research Question 2: How do the profile grades bands of students with passing grades compare (i)
by year (i) in general?

Figure 5 presents the profile (knowledge, comprehension, reasoning) grade bands (A-B, C-D,
E-F, as applicable) for students who obtained passing grades of I, II, and III across each of the years
2015 - 2019. Every student receives a grade that ranges from A-E for each of the three profile
dimensions. The profile grade bands A-B, C-D and E-F indicate top, satisfactory, and unsatisfactory
performance, respectively. Therefore, for 2019 for example, for all students who passed the CSEC
mathematics examination for the Knowledge profile 66.5% of the cohort obtained a profile grade of
A or B, while 33.5% received a grade within the C-D band. For the Comprehension profile, 51% of
the students who obtained Grades I-111, received a grade within the A-B band whereas 49% of these
students received a profile grade of C or D.

Figure 5 shows that over the years 2015, 2016, 2018 and 2019, there appears to be a regular
pattern of grade band attainment as it relates to each of the profiles. For each of the four years under
consideration, a close examination of the top band performance for each profile reveals that the
knowledge profile has the highest percentage of students obtaining A and B grades, followed by the
comprehension profile and then the reasoning profile with the smallest proportion of students
exhibiting top band performance. This trend is reversed for students who performed satisfactorily by
attaining profile grades C and D. The reasoning profile has the highest proportion of students and
that relating to knowledge, the least proportion.

Furthermore, when profile performance bands are analysed across the four years, for the
knowledge and comprehension profiles, a larger percentage of students obtained A and B grades than
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C and D. For the knowledge profile, the average percentage of students who obtained A-B and C-D
profile grades, respectively, was 79% and 21%, while for the comprehension dimension it was 55%
and 45%. This difference was therefore, on average, substantially larger for the knowledge dimension
(58%) than that of comprehension (10%). This suggests that for the knowledge profile, many more
students achieved top band grades than for the comprehension profile.

Figure 5

Student Performance as Per Profiles for 2015, 2016, 2018, 2019
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For the reasoning profile, this observed pattern in the knowledge and comprehension profiles
was reversed with a larger percentage of students obtaining C and D profiles than A and B, for each
of the four years. On average, across the four years, 59% of students obtained profiles within the
satisfactory band (C-D) and 41% in the top band. For both the knowledge and comprehension
dimensions, the percentage of students who obtained A-B and C-D profiles, respectively fluctuated
from year to year. For the A-B band, there was a decrease from 2015-2016 (knowledge: -10;
comprehension: -6) and 2018-2019 (knowledge: -26; comprehension: -5), and then an increase from
2016 to 2018 (knowledge: +19; comprehension: +3). For the reasoning profile, there was a small
decrease in the percentage of students who obtained A-B profiles, year on year from 2015 to 2018
then a slight increase (+7) from 2018-2019. No student with a passing grade received E and F profile
grades.

The pattern observed by year also holds for the entire data set. Figure 6 shows the percentage
of students who achieved the profile bands A-B and C-D for each of the three profiles.

Figure 6

Student Performance as Per Profiles
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Research Question 3: How do the profile grade bands (knowledge, comprehension, reasoning) of
students with a borderline failing grade (Grade IV) and a borderline passing grade (Grade III)
compare?

Figure 7 shows the percentage of students with a borderline failing grade (Grade IV) and a
borderline passing grade (Grade III) who attained different grade bands (A-B and C-D) for the
knowledge, comprehension, and reasoning profiles.
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Figure 7

Distribution of Students as per Profile Bands for Knowledge, Comprebension, and Reasoning
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For the knowledge profile, the performance of students who obtain a Grade IV is substantially
weaker than those who receive a bordetline pass of Grade III. While for the former group, only 6.4%
of students performed within the top band (A-B). For the latter, A-B were recorded for 53.3% of the
students. The modal profile band for students attaining Grades III and IV, was A-B and C-D,
respectively. Knowledge is the only profile for which students receiving a Grade IV had a top band
(A-B) performance.

For the Comprehension profile, the C-D band, which is aligned to a satisfactory performance
was the modal band of performance for both students obtaining a Grade III and IV. For students
obtaining a Grade III, there was a large decrease in the percentage of students obtaining A and B
profiles when compared to the Knowledge profile (52.4 versus 6.4). For these students, this trend
extended to the reasoning profile, where only 1.2% of students achieved profile grades of A and B.
For students who received a Grade IV, the percentage decrease (-6.3%) from the Knowledge profile
to that of Comprehension was much smaller than that of the students who obtained Grade IlIs,
perhaps because the percentage of students who obtained A and B profile grades for the former group
was extremely small (6.4%). For the reasoning profile, no student who obtained a Grade IV had an A
or B profile grade and the modal grade band was E-F. For students achieving a Grade 111, for the
reasoning profile almost all of the students (98.8%) achieved C and D profile grades, and no students
obtained E and F grades. It appears that for both grade levels, students performed best and worst in
the Knowledge and Reasoning profile, respectively.

Research Question 4: Is there a statistically significant difference in the profile grades of students
with passing grades by gender?

Ho: There is no significant difference in the profile grades of males and females. An
independent-samples ~test was conducted to compare the students’ CSEC mathematics performance
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as per profiles by gender. For the knowledge and comprehension profiles, the mathematics
performance of males was statistically significantly lower than females, however, for the reasoning
profile the student gendered performance difference was not statistically significant. The gendered
student performance for each profile is as follows: Knowledge - males (M = 5.1446, SD = 0.7520)
and females (M = 5.1754, SD = 0.7567) #50243) = -4.495, p = .000; Comprehension - males (M =
4.6542, SD = .89920) and females (M = 4.7252, SD = .90129) £50243) = -8.7006, p = .000; Reasoning
- males (M = 4.3581, SD = .98962) and females (M = 4.3690, SD = 1.01929) #50243) = -1.191, p =
.234. The effect size related to the knowledge and comprehension profiles respectively were 4 = 0.04
and 0.08. According to Cohen et al. (2018), this effect size is tiny and a 4% and 8% difference was
found between the two groups (males and females) for the knowledge and comprehension profiles
respectively. This suggests that the difference between the groups, although statistically significant,
was trivial.

Discussion

The data stemming from four years of CSEC mathematics examination administration and
approximately 70,000 students saw that the students with the highest overall achievement also had the
highest achievement across the profile domains. This is wholly in agreement with Mullis et al. (2012),
who reported results related to the TIMMS mathematics component. This research also found a
regular pattern of student profile performance for each of the grade levels (I-IV) and across the four
years under consideration. Students performed best in the knowledge, then comprehension, and then
reasoning profiles. Considering that a different cohort of students was assessed in each of the four
years under study, this regularity in performance is interesting and noteworthy. This finding aligns
with Mullis et al. (2012) who reported that for the 2011 administration of the TIMMS more countries
demonstrated relative strengths in the knowing cognitive domain than the other two cognitive
domains. It also agrees with Kaleli-Yilmaz and Hanci (2016) who found that 652 eighth grade Turkish
students performed worst in the reasoning domain. Cato (2020) who investigated the CSEC
mathematics results for a Caribbean sample also reported similar findings. However, results contrast
with Kaleli-Yilmaz and Hanci (2016) who reported that their sample performed best in the applying
domain. This finding from the present research also deviates from that of the 2019 offering of the
TIMMS assessment for mathematics which indicated that students in more countries performed better
in applying and reasoning than in knowing (Mullis et al., 2020). For an Australian cohort in the
mathematics component of the TIMMS 2003, Thomson (20006) also found divergent results to the
present study in that for both Years 4 and 8, comparatively, achievement in reasoning exceeded that
of the other domains. For Year 4 and 8, respectively, achievement in applying and knowledge were
lower compared to the other domains.

This study also found that the cognitive domains such as knowledge, comprehension, and
reasoning have large, significant, positive relationships to mathematics achievement. This finding
coincides with Pogoy et al. (2015), whose research related to the TIMMS 2011 data across countries.
The author of this paper recognises that comparing CSEC student performance across multiple
consecutive years with that of the TIMMS mathematics assessment that takes place every four years
has its limitations. However, it is noted that in contrast to the consistent trend in performance across
and within each of the four years that the analysis for this study revealed, for the TIMMS data, there
appears to be a fluctuation in the cognitive domain that students in most countries perform best and
worst in. For example, in 2011, candidate performance was superior in the knowing domain. This is
in alignment with the present research whereas in 2019 it was the applying and reasoning domains. It
may be that countries use the assessment results to improve student profile performance for the next
TIMMS, hence the observed variation.
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There are several explanations for the finding that students performed best in the knowledge,
then comprehension, and reasoning profiles. The present author proposes several such hypotheses
next. This finding may suggest, consistent with Mullis et al. (2003), that the performance in the
knowledge profile dimension serves as the gatekeeper for students’ ability to comprehend and reason.
In the comprehension dimension, students apply procedures, concepts, and facts to routine problems.
This dimension is akin to the applying dimension in the TIMMS. Mullis and Martin (2017) state that
for students to engage optimally within this dimension, they need to possess knowledge of facts,
concepts, and procedures, which they can then use in solving familiar mathematical problems
involving different contexts. This indicates that knowledge may act as a prerequisite for application
and reasoning (Pogoy et al., 2015; Thomson, 20006). This view is also supported by the National
Council of Teachers of Mathematics (2014) who states that learners should “acquire conceptual
knowledge as well as procedural knowledge, so that they can meaningfully organize their knowledge
...and transfer and apply knowledge to new situations” (p. 9). The current finding and these
explanations could lend support to the argument that was briefly introduced eatrlier regarding whether
Bloom’s taxonomy was hierarchical or not. They appear to support the notion that the taxonomy may
be hierarchical, but future research is needed to further delineate this. This contrasts with Kilpatrick
et al. (2001) who appear to prioritise reasoning over knowledge and comprehension although
acknowledging that all cognitive dimensions are important and mutually influential. This research
provides empirical evidence to support the previously mentioned assertion of Kilpatrick et al. (2001)
and is significant in that it adds to the existing literature, new ways in which the profiles or cognitive
domains are related to each other. Reasoning has also been found to help students see connections
between their present and prior knowledge thereby augmenting the prospect of retaining and recalling
this knowledge (Ball & Bass, 2003; National Council of Teachers of Mathematics, 2009).
Consequently, it is plausible that the group of students in this research who are competently able to
reason are using this to boost their knowledge and comprehension scores.

Other explanations related to the research context may explain this observed pattern that the
students who participated in this research performed best in the knowledge, then comprehension, and
reasoning profiles. In Jamaica, like international jurisdictions, both policy and curricular documents
emphasise that mathematics teaching should aim to develop analytical, reasoning, and critical thinking
skills (Jeannotte & Kieran, 2017; Ministry of Education, 2013, 2017). However, the yearly examination
reports, based on the performance of test-takers in the CSEC mathematics examinations, consistently
note that in general, candidates’ reasoning and problem-solving skills were wanting and made
recommendations relating to instruction to teachers in that regard (Caribbean Examination Council,
2020). Further to this, in Jamaica, the current curriculum in use in Grades 7-9 was recently developed
based on the finding in early reform reports that the curriculum and related teaching were too focused
on the retention of factual knowledge and not on the development of transferable skills and
competences (Ministry of Education, 2016). Consequently, it is not wholly surprising that the
reasoning cognitive domain would be the weakest since it has been given the least emphasis in practice.
Stigler and Hiebert (2009) describe teaching as a cultural activity which “evolve(s) over long periods
of time in ways that are consistent with the stable web of beliefs and assumptions that are part of the
culture” (p. 87). Furthermore, they point out that the instructional approaches that most teachers
apply to their practice, closely resemble those that were used by their own teachers when they were
students and in eatlier times as well. Based on the aforementioned, it is reasonable to conclude that
the teaching methods that present teachers tasked with developing students’ reasoning and problem-
solving skills were exposed to would have seldom focused on the development of reasoning or critical
thinking skills. Instead, they would very likely have mainly centred on the acquisition of knowledge
and skills. This would suggest that it is plausible that many present-day Jamaican teachers would have
weak reasoning skills in mathematics and so would likely find it difficult to facilitate their development
in mathematics lessons. Previous research (e.g., Mata-Pereira & Da Ponte, 2017; Richland et al., 2012)
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has linked the development of students’ reasoning capabilities directly to the mathematics instruction
that they receive. In this regard, Brodie (2009) states that “mathematics reasoning is challenging to
learn and teach. For teachers who learned mathematics and learned to teach mathematics in traditional
ways, the challenges are enormous” (p. 3). Based on this contextual consideration, the finding that the
reasoning cognitive domain would be the weakest is reasonable.

These new findings are wholly plausible and in line with Camilli and Dossey (2019) who note
that “educational systems of different participants have distinct profiles of mathematics achievement”
(p- 1). Consequently, the present author acknowledges that the findings related to student profile
petformance, and the telationship between achievement grades and that related to profile/cognitive
domains, presented here do not constitute a typical picture of high school mathematics achievement
in general. For a different sample of high school students, other patterns of performance could
emerge. The findings are noteworthy since this study reveals a regular pattern of profile performance
across achievement grade levels and multiple years of the administration of the high stakes, large-scale
mathematics examination. This has not been reported in previous research or large-scale assessments
in mathematics (e.g., Kaleli-Yilmaz & Hanci, 2016; Mullis et al., 2020). In this regard, the findings
from this study add to the mixed findings related to the student mathematics performance as per
cognitive domains. The present findings also provide new evidence relating to the potential impact of
the knowledge domain on the other two profiles/cognitive dimensions and the relationship between
the profiles and mathematics achievement.

The disaggregation by years of the profile grade band performance of students who obtained
passing grades revealed that for each of the years being considered in this research (2015, 2016, 2018,
2019), for the knowledge and comprehension profiles, a larger percentage of students obtained A and
B grades than C and D. This pattern is reversed for the reasoning profile. This is a cause for concern
for stakeholders in education in Jamaica since the island, for the first time, will participate in the next
administration of the Programme for International Student Assessment (PISA) in 2022 (Hunter,
2019). This large-scale, international assessment measures 15-year-old students’ ability to apply their
knowledge and skills related to reading, mathematics, and science in real world problem solving
situations (Programme for International Student Assessment, 2021). A major focus of the mathematics
component of this assessment is mathematical reasoning due to the central role it plays in
mathematical literacy in the 21* century (OECD, 2019). While the CSEC mathematics examination
data involves 16-year-old students and the PISA 15-year-olds, the CSEC examination data suggests
that Jamaican students may struggle with the mathematics component of the PISA. The
aforementioned presents an example as to how a country’s national data can be used to provide
insights that could improve educational programs, establishments, or systems, enhance practices in
education, and support the learning processes of individuals (Koeppen et al., 2008) and ultimately help
prepare students for an international assessment. This approach if not yet utilized can be replicated in
other jurisdictions.

In the 2016-17 academic year, a new national curriculum that emphasises the development of
higher order thinking skills such as reasoning in mathematics, was implemented in Jamaican primary
and lower secondary schools. The previously mentioned findings could form the basis on which to
monitor changes in achievement in the cognitive domains, post implementation of the new
curriculum. Changes in achievement may reflect the changes made in the national curriculum in
Jamaica. This confirms Mullis et al. (2012) and serves as yet another example of the key role that
assessment can play within educational reform. Future research could explore achievement in the
cognitive domains post this implementation.

This research found that there is a significant gendered performance gap in favour of the
females as it relates to the three profile dimensions of knowledge, comprehension, and reasoning. This
finding coincides with previous work related to CSEC mathematics achievement in Jamaica (George,
2022) and international research relating to mathematics assessments (e.g., Cimpian et al., 2016;
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Lindberg et al., 2010; Lubienski & Pinheiro, 2020). Gender disparity in education is unfavourable from
the perspectives of educational or social justice and equity. For this reason, among others, the
Sustainable Development Goals, an international plan of action proposed by The United Nations and
adopted by many countries including Jamaica, as a global agenda aims to “eliminate gender disparities
in education” (UNESCO, 2021). As a result, there is a research imperative to uncover the presence of
these disparities and to decrease them, with the aim of ultimately eradicating their occurrence (Evans,
1997, OECD, 2015; UNESCO, 2017). In this regard, the findings of this study related to gender
differences favouring females are important. Mathematics plays a crucial role in an individual’s
scholastic and vocational success. Also, it is an essential component in fields related to Science,
Technology, Engineering and Mathematics (STEM) which are instrumental in advancing innovation
and competition in the 21st century (Marginson et al.,, 2013; Waite & McDonald, 2019). It also
promotes financial productivity and development for a country’s citizens, industries, and businesses
(Ukpata & Nancy, 2012). Evans (1997) notes that gender differences in education highlight human
capital issues since developing countries need educated persons with a wide range of knowledge, skills,
and competencies.

Although this research found significant gender differences in mathematics achievement the
related effect sizes were small and so from a practical perspective this difference is negligible. This
difference is also not as remarkable as has been found in other Caribbean territories, such as Trinidad
& Tobago (OECD, 2016) who reported the largest gender gap in favour of females in the 72 countries
who participated in the 2015 PISA mathematics component. Notwithstanding the small effect size,
Stoet et al. (2016) asserted that the gender disparity is important and “one of the main psychological
and educational research aims is to determine which factors can explain the sex difference in
mathematics performance” (p. 2). Future research could seek to explore this issue in greater depth.
The present finding also contrasts with Stoet and Geary (2013) who analysed data from four
administrations of PISA and found that in most countries, boys scored higher than girls in
mathematics assessments.

Conclusion

Mullis et al. (2000) asserted that “it is important that educators, curriculum developers, and
policy makers understand what students know and can do in mathematics and what areas, ... need
more focus and effort” (pg. 57). In this regard, this study explored different facets of students’
mathematics achievement as per three cognitive domains, &nowledge, comprebension, and reasoning, to
provide educational stakeholders with a more fulsome and deeper understanding of this achievement.
In particular, it investigated student profile performance in the CSEC mathematics examinations as
per overall achievement grades (I-IV), across four years (2015, 2016, 2018, 2019), and by gender. It
also explored the relationship between the profiles and mathematics achievement.

This study is significant in several ways. First, it found a new and regular pattern of cognitive
domain performance across multiple years for different cohorts of students. Students performed best
in the knowledge, then comprehension, and reasoning profiles. The Jamaican mathematics policy and
curricular, in alignment with current research and international practices within mathematics
education, emphasise that the development of reasoning skills is a central focus of instruction. This
research shows that this goal is not currently being attained. Students appear to have a relative
weakness in reasoning which signifies to teachers and other educational stakeholders, such as teacher
educators, an area that requires more effort and focus as per Mullis et al. (2000).

Also, students with a borderline failing grade had notable deficiencies in the knowledge
domain and that the homogeneity of student profile performance decreased with each grade level
from I-IV. This indicates that perhaps a wider vatiety of resources and/or pedagogical approaches
including the use of differentiated instruction may be needed for engaging with lower performing
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students than for high performing students. Teachers could aim to improve students’ performance in
the comprehension/applying domains by investing instructional time in improving students’
knowledge of mathematical facts, concepts, and procedures. This is particularly important for low
performing students whose low performance in the knowledge domain appears to impact their
performance in the other two domains.

This research also found that there is a strong, positive relationship between achievement as
per the three cognitive domains and general mathematics achievement. Therefore, a focus on
strengthening student mathematics achievement in the three cognitive dimensions is likely to result in
improved student achievement. For Jamaica, this would be a key educational imperative considering
the longstanding poor achievement of students in mathematics. This could be prioritised especially in
the earlier grades of high school so that adequate time can be spent on facilitating the development in
all the cognitive domains. In order to implement the aforementioned recommendations relating to
teaching, there is the need for training of teachers in developing students’ higher order thinking skills.
This could be undertaken by teachers’ training institutions or the central Ministry of Education.

This research focused on the cognitive domains related to students’ mathematics achievement.
Since performance outcomes can be classified with regard to content and cognitive domains, future
research could centre on student achievement, as per the content domains assessed in the CSEC
mathematics examination. That research could be undertaken using the raw scores of students to
overcome a limitation of the current research, that is, to analyse overall grades. Since teachers are
expected to facilitate the development of students’ competencies regarding the cognitive domains,
future research could also explore mathematics teachers’ existing knowledge and skills relating to the
three cognitive domains to ascertain whether and where gaps exist that need to be addressed.
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Appendix A
Figure 1

Specimen Caribbean Secondary Education Certificate Mathematics Question 2 (Caribbean Examinations Council,
2015, p. 87)

(a) Simplify: psq2 X pq5 (1 mark)

(b) If a * b =2a — 5b. calculate the value of

1 3*4 (1 mark)
(i) (@B*4)*1 (1 mark)
(©) Factorize completely: 3x + 6y —x” — 2xy (2 marks)
(d) A string of length 14 cm is cut into two pieces. The length of the first piece is x cm. The

second piece is 5 cm longer than half the length of the first piece.
(1) State in terms of x. the length of the second piece of string. (1 mark)

(i1) Write an expression, in terms of x, to represent the TOTAL length of the two pieces
of string. (1 mark)

(ii1) Hence, calculate the length of the first piece of string. (2 marks)

Total 9 marks



Figure 2

Profiles Assigned to the Solutions to Question 2 (Caribbean Examinations Council, 2015, p. 99)
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PROFILES
Total
K C R
(a) p°¢? Xpg® = piq’ -
1 — —_ 1
(b) a * b= 2a - 5b
(1) 3 *4 =2 (3) -5 (4) 1
e — 20
= -14
(i1) (3 * 4) * 1 = (-14) * 1
=2 (-14) - 5 (1) 1
= -28 - 5
= -33 -l 1] 1 2
(c) 3x + 6y - x* - 2xy
=3 (x+ 2y) - x (x + 2y) 1
= (3 - x)(x + 2Zy) 1
1 1 - 2
(d) (i) Length of 2nd piesce = % x + 5 1
(1ii) Sum of two lengths = x + % x + 1
=2 5
=5 x+5
_3 . _
(111) =3 X 5 14 1
_ 32 _
Length of 1lst piece is 6 cm 1
2 4
TOTAL 9
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Appendix C
Figure 3

Specimen Caribbean Secondary Education Certificate Mathematics Question 4 (Caribbean Examinations Council,
2015, p. 89)

(a) The line BC passes through the point A(—5, 3) and has a gradient of i—
(i)  Write the equation of the line BC in the form y = mx + c. (2 marks)

(i)  Determine the equation of the line which passes through the origin and is
perpendicular to the line BC. (2 marks)

(b) The functions fand g are defined as:

fr) = -1 g(x)=4x—5
x+3
(1)  Determine f g(3). (2 marks)
(i)  Derive an expression for f (x). (3 marks)

Total 9 marks



Figure 4
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Appendix D

Profiles Assigned to the Solutions to Question 4 (Caribbean Examinations Council, 2015, p. 103)

PROFILES
Total
K cC R
2
(@) A(=S5, 3)im =<
(1) Equation of line BC is y - 3 =§ (x + 5)
. 2 1
ie. y =g x+ 5 1
(1i1) Gradient of line perpendicular to BC is
) 1
2 . . -
Equation of line through (0, 0) 1is 1
y=-35x
1 2 1 4
_ 2x-1 _ _
(b) fi(x) = a3’ g(x) = 4x 5
(i) g(3) =12 -5 =7 1
fg(3) =14 - 1 =13 )
7+ 3 10
cay 20791
(1) 5 - 1
2(F7%) -1 =xf'+3
( ) X X 1
2 (2 -x) =3x+1
2 = 3 + 1
£ 3% + 1 1
2 - x
2 1 2
TOTAL 3 3 3 9
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ABSTRACT

The teacher is key to reforming K-12 science, technology, engineering, and mathematics (STEM)
education for all students (Powell et al., 2018) in the United States, and a catalyst for a competitive
workforce and economic development. Reports based on Free or Reduced-Price Lunch (FRPL) and
percent schools offering STEM courses, along with FRPL and per pupil expenditure in science
adjusted for inflation, show disparity between the highest and lowest quartiles (U.S. Government
Accountability Office, 2018; Banilower et al., 2018). Strategies to promote STEM for All and turn
STEM education into a dependable human resource pipeline for a competitive workforce and
economic development are discussed. The strategies include, promoting diversity and inclusion
towards STEM for All, providing adequate STEM teacher training, increasing teacher retention in
STEM subjects, and building a supportive environment for STEM teachers and teachers in general.
These strategies are essential to connecting K-12 STEM education, a competitive workforce, and
economic development.

Keymwords: K-12 education, STEM education, competitive workforce, economic development, FRPL,
inclusion, diversity, teacher training, teacher retention

Introduction

Strategies for reforming Kindergarten through grade twelve (K-12) science, technology,
engineering, and mathematics (STEM) education in the United States as a dependable human resource
pipeline for a competitive workforce and economic development are explored. Selected STEM and
STEM education information and data from the U.S. contribute to this discussion. Connecting STEM
education, workforce readiness, and the economy is a trend not only in the U.S. but also a global trend
(World Economic Forum, 2020). According to the U.S. Department of Commerce, Economics and
Statistics Administration, Office of the Chief Economist (OCE) (Noonan, 2017), STEM workers play
a significant part in “innovation and competitiveness by generating new ideas and new companies”
.- D).

Accordingly, the OCE (Noonan, 2017) reports that in the private sector, the average hourly
wage of a STEM worker based upon educational level is higher than a non-STEM worker as presented
in Table 1. For example, STEM hourly wage average ($27.53) for workers with a high school diploma
of less is 69.8%, over a similar non-STEM worker average hourly wage ($16.21) (Noonan, 2017).
Additionally, for STEM workers with less than a graduate degree, regression-based hourly earnings
premiums have increased over time since the mid-1990s compared to non-STEM workers with
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graduate degrees (Noonan, 2017). Calculations by OCE (Noonan, 2017) based on Bureau of Labor
Statistics Employment Projections and the National Bureau of Economic Research, indicate the
projected growth in STEM employment is 8.9% compared to non-STEM jobs during 2014-2024.

Table 1

Private Sector Average Hourly Wage (USD) by Educational 1evel, STEM vs. non-STEM

Educational Level STEM Hourly Wage Non-STEM Houtly Percentage Increase for STEM
Average (USD) Wage Average (USD) Hourly Wage Average (USD)

High School Diploma or ~ $27.53 $16.21 69.8%

less

Associate Degree or $30.79 $19.09 61.3%

Some College

Bachelot’s Degree $39.28 $28.34 38.6%

Graduate Degree $45.37 $35.16 29.0%

Note. Office of Chief Economist calculations based on Current Population Survey public-use data.
(Noonan, 2017)

According to the U.S. Department of Labor, Bureau of Labor Statistics (2017), in May 2015,
8.6 million (6.2%) U.S. jobs were in STEM fields, of which 750,000 were in applications software
development and 333,010 were in wholesale and manufacturing sales of scientific and technical
products. When looking at these statistics, it is not a surprise that the Committee on STEM Education
of the National Science and Technology Council (2018) outlined the following three goals in the
document entitled Charting a Conrse for Success: America’s Strategy for STEM Education: 1) Build solid
foundations for STEM literacy, 2) Prepare the STEM workforce for the future, and 3) Increase work-
based learning and training through educator-employer partnerships. As usual, along with a plethora
of similar ambitious rhetoric, the Committee on STEM Education of the National Science and
Technology Council (2018) report failed to address significant strategies key to strengthening STEM
education at the K-12 level. To maintain a steady pipeline of STEM-trained human resources, it is
necessary to promote STEM subjects in K-12 schools. Facilitating STEM education eatly at the
elementary school level is an especially important strategy supporting the first goal of building solid
foundations for STEM literacy (Committee on STEM Education of the National Science and
Technology Council, 2018; Oberoi, 2016). To further support this goal, strategies focusing on K-12
STEM education such as, promoting diversity and inclusion towards STEM for All; providing
adequate STEM teacher training; increasing teacher retention in STEM subjects; and building a
supportive environment for STEM teachers as well as teachers in general, are discussed.

What is STEM Education?

STEM education is an integrated approach to teaching science, technology, engineering, and
mathematics with real-world applications (Southeast Comprehensive Center, 2012). It is a “meta-
discipline — a convergence of science, technology, engineering and math — that offers a student-
centered, inquiry-based method of addressing and solving problems” (Southeast Comprehensive
Center, 2012, p. 7). The overall purpose is to raise awareness of STEM in society, motivate students,
and increase interest in STEM. The anticipation is that an increasing number of students will pursue
STEM subjects in college and then careers in STEM fields. Problem-based learning (PBL), Project-
based learning, and hands-on discovery/inquiry learning are a few pedagogies advocated for STEM
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education (Euefueno, 2019). Additionally, the report, STEM 2026: A VVision for Innovation in STEM
Education (U.S. Department of Education, Office of Innovation and Improvement, 2016) called for
“educational experiences that include interdisciplinary approaches to solving grand challenges” (p. ii).

The term STEM representing science, technology, engineering, and mathematics disciplines,
arguably, was introduced within the U.S. education system in the early 2000s. The term STEM appears
in federal policy within the America Competes Reanthorization Act of 2010 (2011). Considering the
interdisciplinary nature and broader impacts of STEM disciplines, it is possible that if properly
designed and implemented, STEM curricula including PBL teaching and learning through hands on
activities could be integrated with arts, language arts, reading, and social studies to help students
explore the world around them. This interdisciplinary approach to STEM education may lead to higher
student motivation in subjects such as science and mathematics and prevent knowledge fragmentation
by teaching subjects in isolation (Drake & Burns, 2004). This may be because separation or
compartmentalization of subject areas where content is taught discretely during different times of the
school day disrupts the learning of many students. Often student comprehension of complex topics
increases through an interdisciplinary approach to teaching and learning (Fogarty, 1991). Including
interdisciplinary pedagogy is an important aspect of defining STEM education (Drake & Burns, 2004).

STEM Education, Competitive Workforce, and Economic Development

The link between STEM education, a competitive workforce, and economic development is
explored, debated and established (Croak, 2018; Hanushek & Kimko, 2000; Hanushek & W o3mann,
2008; Lazio & Ford, Jr., 2019; Oberoi, 2016; World Economic Forum, 2020). There is much discourse
in support of K-12 STEM for a competitive workforce by heads of states, legislators, policymakers,
industrialists, and business leaders and educators (Kumar, 2019). Croak (2018) in an international
analysis, explained a positive link between post-secondary STEM education, human capital and
competitiveness, and overall economic development. According to Oberoi (2016), the impact on the
economy of introducing STEM at an early age in schools along with academic interventions and
support is considerable. K-12 STEM education influences success in post-secondary STEM
disciplines, with the subsequent connection to a skilled workforce and economic impact. On the other
hand, critics of STEM education would argue, that “focusing on STEM is not enough. Educating
young people in these subject areas may ensure they are experts on specific topics, but it does not
necessarily create conscientious citizens who can make responsible social and financial decisions”
(Billimoria, 2017, n.p.). Though this criticism is aimed at STEM education, it reflects the general state
of K-12 education in the U.S.

Challenges to K-12 STEM Education

Though STEM is often portrayed as a priority in K-12 and college settings, the challenge
remains on motivating students who repeatedly failed to develop an interest in STEM subjects during
their K-12 school years to pursue STEM education in college. If the aptitude and interest for STEM
subjects are cultivated in students during the K-12 school years, then the chances of students pursuing
STEM degrees in college are remarkably high (Banilower et al., 2018). The National Science Teachers
Association (NSTA) has presented position statements for early childhood (NSTA, 2014) and
elementary grades (NSTA, 2002) calling for engaging, exciting, and meaningful science learning
opportunities for students from age 3 through preschool, and children from elementary levels (K-
grade 5) through middle school levels (grades 6-8) respectively. This recommendation is based on
research that children “have the capacity for constructing conceptual learning and the ability to use
practices for reasoning and inquiry” (NSTA, 2014, p. 1).
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However, the results from the National Survey of Science and Mathematics Education
(NSSME+) (Banilower et al., 2018) do not paint an encouraging picture of how one of the STEM
subjects, science, is taught in U.S. K-12 classrooms. For example, in 37% of the elementary school
classes, 30% of the middle school classes, and 31% of the high school classes, students watched while
teachers conducted scientific demonstrations. In comparison, 16% of the elementary school classes,
11% of the middle school classes, and 12% of the high school classes, engaged students in hands-
on/laboratory activities. Also, only 8% of elementary teachers, 8% of middle school teachers, and 6%
of high school teachers involved their students in Project-based learning activities, an essential
pedagogy of STEM education aimed at developing critical thinking and problem-solving skills in real-
wortld contexts (Banilower et al., 2018).

The NSSME+ (Banilower et al., 2018) showed that 54% of science teacher professional
development offered locally addressed ways of engaging students in hands-on science. However, only
17% of science teacher professional development offered locally addressed ways to integrate student’s
cultural backgrounds into science teaching. Notably, only 25% of locally provided science teacher
workshops addressed building students’ confidence in pursuing science/engineering careers. The
survey also noted an unfortunate situation, that time spent on science learning in grades K-3 is18
minutes per day, and in grades 4-6 is 27 minutes per day (Banilower et al.,, 2018). In terms of
educational qualifications of science teachers, 3% of elementary teachers hold undergraduate degrees
in science/engineering, 1% in science education, and 3% in science/engineering/science education
(Banilower et al., 2018). For 65% of elementary science teachers, the route to educator certification is
a bachelor’s degree, 22% is a master’s degree, 11% is post-baccalaureate program (no master’s degree)
(Banilower et al., 2018).

With regards to equity, there is a disparity in K-12 STEM education. For example, in the U.S,,
public schools are classified into four quartiles based on the number of students eligible for Free or
Reduced-Price Lunch (FRPL) (U.S. Government Accountability Office, 2018). Under the National
School Lunch Program, a child whose family’s income does not exceed 130% of the federal poverty
level is eligible for the free lunch program. Children whose families’ incomes are between 130% and
185% of the federal poverty level may receive a reduced-price lunch (U.S. Government Accountability
Office, 2018). Also, children in Head Start and Migrant Education programs, children in foster care,
and children receiving public service under the Runaway and Homeless Youth Act are eligible for
FRPL (U.S. Government Accountability Office, 2018). Based on the U.S. Government Accountability
Office (GAO) (2018) report on K-12 education, there is disparity in the offering of high school
courses in STEM disciplines between the high (FRPL recipients 75-100%) and low poverty (FRPL
recipients 0-24.9%) schools. High-poverty schools are less likely to offer science (i.e., Physics,
Chemistry) and mathematics courses that most colleges expect their students to have in high school
except for Biology. This is a severe concern when accounting for considerable differences in
demographics of high and lowest poverty schools as presented in Table 2 (U.S. Government
Accountability Office, 2018).

With respect to students with disabilities, as classified under the U.S. Individuals with
Disabilities Act IDEA) (2004), the situation is not encouraging. The GAO (2018) found a negative
association with schools enrolling increasing percent students with disabilities and the likelihood of
offering high school courses in Biology, Chemistry, Physics, and AP Science. As Schneiderwind and
Johnson (2020) noted “students with disabilities therefore remain underrepresented in STEM fields,
and a need exists to help uncover barriers that students with disabilities encounter in STEM
laboratories, for example” (n.p.).

Another hindrance to STEM education is the ongoing disparity in per-pupil expenditure, as
revealed by the National Survey of Science and Mathematics Education, NSSME+ (Banilower et al.,
2018). In the U.S., for schools with students eligible for FRPL, there is inequality in the median amount
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of dollars spent per pupil between the highest quartile and the lowest quartile in 2018 and 2012. Figure
1 includes the original data by Banilower et al. (2018) and Banilower et al. (2013), adjusted for inflation.

Table 2

Poverty Level and STEN Course Offerings in School Year 2015-2016

Poverty Level Based on FRPL Demographics Percent Schools Offering STEM Courses
Eligibility
Highest White 13%, Black 29%, *Biology 94.35%
(FRPL 75-100%) Hispanic 52%, Asian 4%, Chemistry 81.2%
Other 4% Physics 62.5%

Advanced Placement Science 69.6%
Advanced Placement Math 75.2%

Lowest White 71%, Black 6%, *Biology 97.6%
(FRPL 0-24.9%) Hispanic 11%, Asian 9%, Chemistry 93.5%
Other 4% Physics 89%

Advanced Placement Science 88.7%
Advanced Placement Math 94.1%

Note: ¥Trend in Biology seems different compared to other science disciplines.

Figure 1

FRPL Per Pupil Expenditure in Science Adjusted for Inflation

Median Amount of Dollars Spent Per Pupil in
. FRPL Quartiles
5
4
3
2
0
2012 2018 2018 Adjusted for Inflation
m Highest Quartile mLowest Quartile

Per pupil expenditure in 2018, in the highest quartile is $2.05 (§1.69) and lowest quartile $5.62
($3.90) compared to 2012, where it is $1.54 and $3.50, respectively. Percent increase of 33% (10%) in
the highest quartile and 58% (10%) in the lowest quartile reveals a large socioeconomic disparity,
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before adjusting for inflation. To complicate things further, according to NSSME+, overall, 52% of
classes in the highest quartile with a high proportion of FRPL students are less likely to be taught by
teachers with a substantial science background, in terms of having a degree or at least three advanced
science courses, compared to classes in the lowest quartile (66%) (Banilower et al., 2018). This is a
clear indication of the ongoing socioeconomic divide in science education, a key component discipline
of STEM education, needing constructive long-range solutions.

Another challenge to STEM education involves teacher assigned grades, as indicated in a study
of a large metropolitan school district in California (Kunnath & Suleiman, 2018). Teacher assigned
grades indicated that educators in mid and high poverty schools assigned significantly less “A” grades
than low poverty schools (Kunnath & Suleiman, 2018). This study used a survey method to determine
the extent to which grading practices and grading influences are used by teachers across subject areas,
between poverty levels based on FRPL, when preparing report card grades for students. A possible
explanation of why students at mid and high poverty schools are assigned less “A” grades might be
that “students of high-poverty schools often come from low-SES households and are less likely to
have parents who are actively involved in school, lowering the likelihood of adding pressure on
teachers to alter grading practices” (Horvat et al., 2003; Lee & Bowen, 2006 cited in Kunnath &
Sulieman, 2018, p. 11). If this is the situation in U.S. K-12 schools, then the goal of education for all,
and especially in STEM for All is difficult to reach, perpetuating inequity in the U.S education system.
Accordingly, how to address these challenges is a critical question facing U.S. K-12 STEM education.
In this context, strategies for addressing these challenges in reforming STEM education as a human
resource pipeline for a competitive workforce and economic development are explored.

Strategies for Reforming K-12 STEM Education

It is apparent that in its current state, K-12 STEM education is not a dependable human
resource pipeline for any projected competitive STEM workforce and economic development
(Banilower et al., 2018). To reform STEM education into a dependable pipeline, the following
strategies are essential.

STEM for All

To promote STEM for All, everything possible should be done to promote diversity, and the
inclusion of marginalized student groups in STEM education. “Articulate a clear vision for, and long-
term commitment to, broadening participation in STEM” of persons with disabilities, women, and
under-represented racial/ethnic groups in STEM education (Powell et al., 2018, n.p.; Southeast
Comprehensive Center, 2012; Hill & Kumar, 2013; Kumar & Chubin, 2000). Based on poverty levels,
race/ethnicity, and disabilities, there is appatent bias in terms of STEM course offerings and the
amount of dollars spent per pupil (Banilower et al., 2018). Moreover, most teachers lack training in
strategies to integrate students’ cultural backgrounds into science pedagogy. Additionally, any bias in
teacher assigned grades in STEM classrooms, needs to be addressed without delay. Inequitable,
variable, and inconsistent grading practices may negatively affect education for all (Feldman, 2018),
especially STEM for All

These are complex matters that demand committed efforts from the stake holders of K-12
STEM education to find creative solutions towards STEM for All students and promote broad
participation. If STEM education is truly a priority in U.S. schools, as touted by U.S. legislatures and
leaders in business, then concerted and organized efforts to provide STEM for All should be taken.
As the teacher is key to classroom reform, it is critical to emphasize the role of teachers through
professional development, retention, and a supportive working environment.
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Teacher Training

The most crucial strategy deals with offering appropriate training for teachers in preparation,
and teachers currently working in K-12 classrooms, to improve their content and pedagogical
knowledge and understanding of STEM education (Kumar & Moffitt, 2022). This will allow teachers
to implement meaningful STEM lessons in their K-12 classrooms. The National Commission on
Teaching and America's Future (1990) stated that teachers’ knowledge and practices are the most
significant factors affecting student learning. Therefore, for successful systemic reform in STEM
education, it is imperative that classroom teachers are equipped with the knowledge and skills to teach
STEM subjects meaningfully to all students. The National Science Education Standards (National Research
Council, 1996) calls for giving practicing teachers the "same opportunities their students will have to
develop understanding” (p. 60) of science, and recommends professional development with more
emphasis on "inquiry into teaching and learning; learning science through investigation and inquiry;
integration of science and teaching knowledge; etc." (p. 72). Teachers also need assistance in realizing
their “blind spots” to create awareness of appropriate teaching and learning strategies for all students.
Schools, school districts, and university/college teacher training programs should partner to
strengthen the professional development of both teachers in preparation and in service teachers
(Schneiderwind & Johnson, 2020).

One consideration is recent deregulation and the subsequent rise in alternate teacher
preparation programs, which often replace the requirement of a bachelor’s degree in education and
the specific discipline (i.e., science and mathematics) and have compromised training in STEM content
areas (Perez & Kumar, 2018). Individuals who entered teaching via alternative certification programs
often have fewer courses or training hours to complete and are “25% more likely to leave their schools
and the profession” (Carver-Thomas & Darling-Hammond, 2017, p. vi). In the name of education
reform and politically motivated attempts to sideline university-based teacher training programs,
alternative teacher training programs have grown all over the U.S., offering less comprehensive, and
inadequately regulated teacher training where STEM subjects, especially science, are often not a
priority (Ildiko & Berliner, 2002).

Teacher Retention

Increasing teacher retention, particularly in STEM subjects is critical to the successful
implementation of STEM education. Teacher attrition is not only an educational crisis, but it also has
severe economic and human resource implications. For example, from an economic standpoint, it
costs approximately $21,000 USD to replace each teacher in an urban school, therefore reducing
attrition in half would save $10,500 USD per urban school teacher (Carver-Thomas & Darling-
Hammond, 2017). During the 2015-2016 school year, 40 U.S. states and the District of Columbia
(D.C)) reported a teacher shortage in science, and forty-two states and D.C. reported a teacher
shortage in mathematics (Sutcher et al., 2016). Disparities in the teacher labor market change from
U.S. school district to district in critical shortage subject areas (Sutcher et al.,, 2016). High teacher
attrition also contributes to low student achievement. It is disheartening that an economically
prosperous nation such as the U.S. does not want to pay its teachers a competitive market salary.
However, teachers are expected to train students into a STEM competent workforce. Senior teachers’
turnover rate at the top of their district salary (average $78,000 USD) schedules is 31% lower than
teachers with top district salaries below $60,000 USD (Carver-Thomas & Darling-Hammond, 2017),
indicating that higher salaries may support a lower attrition rate. Overall, the predicted turnover rate
of mathematics and science teachers is 37% higher than elementary teachers (Carver-Thomas &
Darling-Hammond, 2017). So, if the U.S. wants to support K-12 STEM education, teachers need to
be compensated adequately.
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Supportive Environment for Teachers

An analysis of a teacher follow-up survey by the Learning Policy Institute (2017) showed that
among several other reasons, 21% of teachers leave the field because of dissatisfaction with the
administration, and 25% leave teaching positions due to dissatisfaction with school assessment
policies. Schools where “principals generally describe their leadership responsibilities as facilitators,
collaborators, team leaders, or leaders of leaders” have low teacher attrition rates (Learning Policy
Institute, 2017, p. 2). To reform STEM education, it is imperative that the school administration
provides a supportive environment for teachers to utilize their abilities to lead and inspire students to
learn (Kumar & Chubin, 2000). School districts throughout the U.S. should not only aspire towards
improving the work environment for teachers, but also for school administrators (i.e., principals) to
enhance teacher retention in K-12 education (Carver-Thomas & Darling-Hammond, 2017). In a study
limited to a large school district in Arizona, Sulit (2020) found that the distributive leadership
framework significantly increased teacher retention in elementary and middle grades. This indicates
that there is still hope for improving teacher retention. Suitable policies are needed in this area in K-
12 education, not only for the sake of STEM disciplines, but also for all disciplines since K-12
education is an extremely critical human development process in a child’s life.

Concluding Thoughts

STEM education is a human enterprise needing human, material, and fiscal resources to be
successful. In this context, the classroom teacher is a significant catalyst for transforming K-12 STEM
education as a dependable pipeline for a competitive workforce and economic development. The
strategies discussed will work, provided socioeconomic disparities that impact public education in the
U.S. are adequately addressed and resolved. It is extremely important that leaders of industries and
businesses collaborate with legislators, policymakers, school administrators, classroom teachers, and
parents to transform K-12 STEM education as a dependable human resource pipeline for a
competitive workforce and economic development.
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ABSTRACT

Informal community-based science, technology, engineering, and mathematics (STEM) clubs
provide rich informal learning environments that help elementary-aged students develop STEM
knowledge and skills while fostering their initial and continued interests in STEM. This
phenomenographical case study sought to interpret stakeholders’ (five university personnel, two
club facilitators, one teacher, one parent, and three elementary students) conceptions of STEM and
STEM clubs involved in a community-university partnership in an afterschool elementary STEM
club at a community center. Phenomenographic analyses produced three hierarchical categories in
stakeholders’ conceptions of STEM: an indifference towards STEM, viewing STEM as a holistic
discipline, and STEM as applicable and useful in life. Among stakeholders’ conceptions of STEM
clubs, four hierarchical categories described clubs as a non-STEM related space, a means to promote
STEM, provide STEM learning, and an additional site (apart from school) to produce STEM
knowledge, skills, and enjoyment. Findings suggest that community and university stakeholders held
varying conceptions of the purpose of STEM, with the strongest disagreement in how informal
STEM clubs should be structured. Stakeholders nonetheless agreed that STEM clubs were vital
resources to promote STEM and enhance STEM-related life and soft skills.

Keywords: community-university partnerships, elementary education, informal education,
phenomenography, STEM clubs

Introduction

The National Science Foundation, among other national level educational organizations, has
lauded that club-based science, technology, engineering, and mathematics (STEM) nformal (per
Eshach, 2007) experiences enhance STEM learning and affect for K-12 students. The National
Research Council’s INRC, 2015) report on Identifying and Supporting Productive STEN Programs in Out-of-
School Settings tound that K-12 students spend only 20% of their waking hours in school, where the
remaining 80% spent outside of school could include participating in cooperative STEM learning
activities (p. 8). Further, the NRC stated that STEM clubs can contribute to students’ success in STEM
by providing hands-on learning activities with peers to develop both cognitive (content knowledge,
academic) and non-cognitive (soft skills, affective) skills, supplementing STEM learning and
enjoyment unmet due to the constraints (e.g., time, curriculum, space) of the formal K-12 STEM
classroom. Related research affirms the NRC evidence that students who participate in STEM clubs
have improved achievement in cognitive and non-cognitive domains (Blanchard et al., 2017; Hite et
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al., 2018;Hite & White, 2019, 2021; Sahin, 2014) and persistence in STEM (Gottfried & Williams,
2013). Given that STEM interests can be cultivated as young as the elementary level (Bybee & Fuchs,
2000), access to STEM clubs among primary students is desired among many communities looking to
provide younger students access to STEM outside of the classroom (DeJarnette, 2012), where science
and math subjects receive the least amount of instructional time (Blank 2012; Lavy, 2010). Since these
activities occur outside of school, community partnerships (with local universities) can help design
and implement STEM clubs to improve outcomes for K-12 students, especially those that are under
resourced and may not have access to rich, out-of-school science experiences (Duodu et al., 2017).

This paper describes a community-university partnership (CUP) formed between local K-12
educators and a research-oriented university with a mutual aim to improve elementary STEM
education through afterschool STEM clubs. We define this CUP as ‘collaborations
between community organizations and institutions of higher learning for the purpose of achieving an
identified social change goal through commmunity-engaged scholarship that ensures mutual benefit for
the community organization and participating students” (Curwood et al., 2011, p. 16). The STEM club
in this case study was developed internally (by university faculty and staff), in consultation with
technical assistance from the research literature, and with input from the community partners (i.e., day
of week, age group of interest). This relationship is a step in the right direction, as per the NRC report,
“research is needed to better specify and understand the ways in which learning develops across formal
and informal settings, [especially in] leveraging community resources and partnerships” (NRC, 2015,
p. 29).

In order for the CUP to reach its mutual goals, it is vital that the community stakeholders
understand the premise of the CUP and its intended utility (Curwood et al., 2011). Doing so not only
provides greater input to the design and implementation process (of STEM Clubs), but also to amplify
the importance of STEM for elementary aged learners in the community. As such, a community’s
understanding in or value of STEM clubs or the premise of STEM itself is necessary. Therefore, the
purpose of this study was to explore community stakeholders’ conceptions of STEM and STEM clubs.
By exploring the understandings and expectations of the CUP STEM community, we may foster more
productive relationships between stakeholders and these informal STEM programs. The outcomes of
this study will be used to inform current and future STEM club programming so we may better
leverage CUP stakeholder input and resources to enhance our local pipeline of STEM savvy
elementary students.

Literature Review

Definitions and conceptions of STEM are diverse and vague (Bybee, 2010), influencing
researchers to explore a more definitive answer to What is STEM? There is a growing body of literature
that showcases conceptualizations of STEM from specific groups of the STEM ecosystem. For
instance, Breiner et al. (2012) found that university faculty and staff have differing conceptions on
STEM, depending on the relevance and impact that STEM has on their personal and professional
lives. Further, they described how university personnel, especially non-STEM faculty, were more
indifferent towards STEM. Most faculty—STEM faculty included—viewed STEM in its
individualized disciplines rather than as a holistic whole. Classroom teachers also hold similar
conceptions of STEM but have shown to lean more towards integration when immersed in effective
STEM education professional development (Ring et al., 2017), or compelled by integrated standards
(NGSS Lead States, 2013). Research has shown that afterschool STEM club facilitators—who may
not necessarily be certified classroom teachers—possess strong STEM identities due to the authentic,
real-world STEM activities they plan and implement in STEM clubs (Aslam et al., 2018). Much of
their conceptions on STEM clubs involve the development of students’ technical STEM skills and
helping students to ground theoretical knowledge in real life applications. Thus facilitators with
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passion for and commitment to the STEM club is fundamental to its long term success (Blanchard et
al., 2017). Regarding facilitation, Davis et al. (2023) concluded from a systematic literature review of
studies on STEM clubs that

the literature highlights that STEM clubs should be facilitated in a way that is driven by student
interest, moves outside of the traditional teacher role, and nurtures in participants the ability
to enact peer teaching roles or consider being a possible future facilitator. STEM clubs offer
facilitators more flexibility, creativity, and innovation in their teaching than is possible in a
more traditional classroom context. (p. 11)

Parents are generally unsure about what STEM means or entails, but nonetheless see the importance
and value in learning STEM for their children’s future careers (Hernandez et al., 2016). Students’
conceptions of STEM, on the other hand, are dependent upon the exposure they receive from parents
(Plasman et al., 2021; Tay et al., 2018), formal learning experiences in the K-12 classroom (Mullet et
al., 2018), and in the community from informal learning opportunities (Afterschool Alliance, 2015).
While a concrete definition has yet to be agreed upon among both researcher and practitioner groups
(Radloff & Guzey, 2016), considering how all those involved in the STEM ecosystem (inclusive of
parents and students) conceptualize STEM would paint a broader picture of what informal STEM
learning is or should be, fostering greater understandings of STEM.

One way to capture community stakeholders’ conceptions of STEM are through non-
compulsory (compared to formal or school) involvement in STEM, like informal, afterschool
community-based STEM clubs. Afterschool STEM clubs have proven to be effective spaces for K-
12 students to learn and engage in STEM skills and knowledge not typically learned in the formal
classroom setting (Afterschool Alliance, 2015). STEM clubs in the afterschool setting provide access
and exposure to STEM students that build critical thinking and problem-solving skills, as well as
enhance interest and enjoyment in STEM especially at the elementary level (Ching et al., 2019; Sahin
etal., 2014).

Furthermore, research has shown that engaging in STEM clubs involved in a CUP, in
particular, have a myriad of benefits for all those involved in the partnership (Hite et al., 2020, 2023;
Foster et al., 2010). Multiple studies have showcased community stakeholders—teachers, parents, and
students—as well as university personnel having positive outcomes in bilateral learning and
understanding of STEM (see Allen et al., 2019; Hite & White, 2022; Playton et al., 2021, 2023; NRC,
2015; Tay et al., 2018; Toma & Greca, 2018). Thus, we find it imperative to study and understand
community stakeholders’ conceptions of STEM and STEM clubs, doing so through a theoretical
framing that permits interpretation on how individuals develop meanings and variation from their
understanding (of STEM) and expetiences (of/in STEM clubs).

Theoretical Framework

To explore varying understandings and experiences among a group, this study employed the
theoretical aspects of phenomenography. Phenomenography initially emerged as an empirical rather
than a theoretical or philosophical tradition (Marton, 1981), and was initially viewed solely as a
methodological practice (Akerlind, 2012). However, since phenomenology was first established,
Marton (1986) has clarified that phenomenography also undertakes theoretical and ontological
perspectives as it provides a model to answer questions about thinking and learning. Since then,
phenomenography has been used in various other studies as theoretical or conceptual lenses in
addition to a qualitative research design (see Andretta, 2007; Cope, 2004; Ornek, 2008). In
phenomenography, learning can be viewed in two different lenses, as first-order and second-order
perspectives (Marton, 1986). In a first-order perspective, learning is viewed from the researchet’s
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perspective, specifically how the phenomenon of study is related to their worldview and their
understanding of reality. Whereas, learning from a second-order perspective is centrally focused on
the ways the participants’ experiences (of a phenomenon) mediate their understanding and
conceptions (of said phenomenon). For instance, research in best practices on learning STEM is
largely viewed from a first-order perspective, whereas studies that examine the ways in which
participants experience STEM learning is indicative of the second-order perspective (e.g., Gandhi-Lee
et al., 2017; Mullet et al., 2018). This second-order perspective is useful to CUP research to ensure the
voices of non-research stakeholders are duly represented.

Perhaps the most significant tenet of phenomenography is its non-dualistic ontology, meaning
that a participant’s experienced world is neither constructed nor imposed on by the participant, instead
it theoretically exists as an internal relationship between the participant’s understanding of the
phenomena and their experiences with the phenomena (Marton & Booth, 1997). Given the different
ways of experiencing a phenomenon, this theory permits modeling of experiences, among very
different people, within the same phenomenon. In using phenomenology as a theoretical lens to
undergird a study, “the researcher aims to constitute not just a set of different meanings, but a logically
inclusive structure relating the different meanings” (Akerlind, 2012, p. 323). Using phenomenology in
this study allowed us to capture the varying definitions and divergent conceptualizations of STEM
among different stakeholder groups involved in STEM education. This theoretical perspective
compensates for assumptions made in the aforementioned research that all stakeholders involved in
STEM clubs share a common understanding of STEM and expectations for out-of-school STEM
learning. Thus, a dearth of research remains on how various CUP (community and university)
stakeholders conceive of the purpose of STEM and envision students’ participation in such clubs.

Without knowledge of how all stakeholders conceptualize STEM and STEM clubs
(phenomena of interest), CUP STEM clubs will be unable to reach their full potential in meeting the
mutual aims of the university and community in bolstering K-12 STEM learning. In that regard,
understanding how CUP stakeholders conceptualize STEM learning via experiences in and
conceptions of CUP-based STEM clubs could help inform best practices and improve informal STEM
learning spaces for students in the community. Guided by this research approach of
phenomenography in the context of this study, this study addresses the following research question:
How do stakeholders involved in a CUP-based elementary STEM club conceptualize STEM and afterschool
community STEM clubs?

Method

Given the duality of phenomenography as a theoretical framework and methodological
approach, this study utilized phenomenography as method to “produce an objective, qualitative
description to represent the way that individuals perceive reality” (Alsop & Tompsett, 2000, p. 245).
Qualitative accounts of stakeholders’ conceptions of the phenomenon of STEM and STEM clubs
were examined collectively from the sets of participants (stakeholder groups), as opposed to analyzing
data from individuals. These accounts, taken from the set of participants, are then organized into what
are known as categories of description, the primary outcomes of phenomenographic research. While
variations exist in the extent to which categories of description are organized (Akerh'nd, 2012), the
process is both iterative and comparative. Multiple rounds of sorting and grouping are necessary, in
addition to comparisons between various participant accounts, as well as between distinct categories
of description themselves. Furthermore, a significant premise of these categories is that they are
structured in a logical manner, typically hierarchically. This structured and logical set of organized
categories form a field that is known as an ouzcome space, wherein “the outcomes represent the full range
of possible ways of experiencing the phenomenon in question, at this particular point in time, for the
population represented by the sample group collectively” (Akerlind, 2012, p. 323).
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Elementary STEM Club Framework and Context

The conceptual framework for the elementary STEM club in this study was guided by the
NRC report’s (2015, p. 15) three factors that foster productive STEM club programs: 1) Productive
programs engage young people intellectually, socially, and emotionally (e.g. first-hand experiences with
phenomena and materials, engaging students STEM practices, and establishing a supportive learning
community); 2) Productive programs respond to young people’s interests, experiences, and cultural
practices (e.g., position STEM as socially meaningful and culturally relevant, support collaboration,
leadership, and ownership of STEM learning where staff are co-investigators and learners alongside
young people); and 3) Productive programs connect STEM learning in out-of-school, school, home,
and other settings (e.g., connect learning experiences across settings, leverage community resources
and partnerships, and actively broker additional STEM learning opportunities).

The STEM Club for this present study consisted of university (i.e., faculty, staff) and
community (i.e., parents, teachers, students) stakeholders of a local STEM club established through a
CUP at a large southwestern research university. The CUP-based STEM club in this research is one
among 10-15 active STEM clubs established and led by the university. This STEM club takes place at
a local community center, which is unique because most STEM clubs occur at the school location and
are not at the elementary level in this community. Participating students mirror the demographics of
the community center, as predominantly Hispanic and classified as low socioeconomic status.
Approximately twelve elementary students (grades K to 5, four males and eight females) participated
in the STEM club, which met once a week for the duration of one typical calendar school year
(approximately thirty-six weeks). Activities and content of the STEM club included weather,
probability, and algebraic logic. Mobile tablets (iPads) were also used and incorporated into these
activities at least once a month.

Participants

Selection of participants in phenomenography research was purposive in that the approach
sought to glean participants’ conceptions of a phenomenon; in this particular context, defining STEM
and conceptualizing STEM clubs. Some phenomenographic researchers suggest a sample size between
ten and thirty participants (Mullet et al., 2018; Ornek, 2008). However, other studies have indicated a
variation of small and large sample sizes (Gandhi-Lee et al., 2017; Limburg, 2008; Velasco & Hite,
2022).

In total, twelve participants were recruited for this study. As this study sought to analyze the
collective conceptions of STEM learning via a community STEM club, it was necessary to sample
various participants who encompassed the CUP of this STEM club. The twelve participants in this
study consisted of five stakeholders from the community—three students (S1, S2, and S3), one parent
(P), and one elementary classroom STEM teacher (T)—and seven stakeholders from the university—
staff and faculty personnel (UP1, UP2, UP3, UP4, and UP5) that included the two STEM club
facilitators (CF1 and CF2) who were not current classroom teachers. Notably, CF1 had been a
mathematics teacher, nationally board certified in early adolescent mathematics and received national
recognition for excellence in K-6 mathematics teaching. CF2 held no prior or current teaching
credentials. Aside from two university faculty and the elementary STEM teacher, all participants in
this study were directly affiliated with the CUP STEM club of study, meaning sampled students were
participants in the STEM club, the parent participant was a parent of a STEM club student, community
center facilitators assisted with the STEM club, and the three university faculty coordinated and
established this specific STEM club as examples. Table 1 describes demographics of participants in
this study.
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Table 1

Community Stakeholder Participant (n=12) Demographics

Stakeholder Sex Ethnicity Notes

University Personnel (UP)

UP1* M White Associated with CUP STEM club in this study
Up2#* F White Not associated with CUP STEM club in this study
UP3#* F White Associated with CUP STEM club in this study
UP4* F White Not associated with CUP STEM club in this study
Up5* F White Associated with CUP STEM club in this study
Club Facilitator (CF)

CF1 M Pacific Islander Facilitator of STEM club and university researcher
CF2 F Hispanic Community center overseer of CUP STEM Club
Teacher (T)

T1 F Hispanic Elementary STEM teacher with a focus on science
Parent (P)

P1 F Hispanic Parent of $1, child participant in CUP STEM club
Student (S)

S1 M Hispanic 3rd grade student participant in CUP STEM club
S2 F Hispanic 3rd grade student participant in CUP STEM club
S3 F Hispanic 4th grade student participant in CUP STEM club

Note. M = male. I = female.
*University faculty
*University staff

Data Sources

The primary source of data for this study were one-time, in-depth, semi-structured interviews
with each of the participants. All researchers (i.e., authors of this article) participated in the creation
of the interview items, as they related to the tenets of phenomenography in terms of seeking
participants’ conceptions of STEM learning via informal STEM clubs (see Appendix A for protocols).
Literature from the Informal 1earning Report (National Academy of Engineering & National Research
Council, 2014) and Funds of Knowledge framework (Moll et al., 1992) were consulted in protocol
development to inform question design that related to STEM understandings and the relevancy of
STEM, respectively. Interview items queried experiences along the same themes of a community
STEM club and STEM learning in general across all interviews, although interviews were slightly
modified based upon the interviewee. Interview questions were simplified to ensure that items were
comprehendible for the students, but nonetheless followed the same line of inquiry regarding their
conceptions of the STEM club they were participating in and their experience in STEM learning in
general. The student participants were interviewed for about fifteen minutes, and the adult participants
were interviewed for about thirty minutes. All participants were interviewed about one month after
the start of the STEM club, and all interviews were audio-recorded. The online interview transcription
application, Otter (2020), was used to transcribe all interviews. Transcriptions were then audio
reviewed thoroughly to verify interview segments that were erroneously transcribed from the software.
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Analysis

There is not one prescribed technique in analyzing phenomenographic research, as different
phenomenographers employ a variation of frameworks from one study to the next (Akerlind, 2012).
Retrospectively, Marton (19806) argued that there are no specific algorithms to discover conceptions
of a phenomenon, rather just a proposed set of guidelines to employ when evaluating participants’
understandings of a phenomenon. His recommended guidelines are conducted in the following
phases: (1) selection of utterances based on criteria relevance—the group of utterances formed from
this selection is referred to as the poo/ of meanings; (2) interpretation of the pool of meanings; (3) sorting
and arranging utterances into categories of description; (4) differentiating between and refining
categories; and finally, (5) defining categories with supporting quotes. Marton’s suggested guidelines
for phenomenographic analysis was adopted and followed stepwise as the analytical framework for
this study.

The first phase of analysis involved the selection of utterances from each interview transcript
regarding participants’ conceptions of STEM and STEM clubs. Utterances were typically one to two
sentences in length and included segments or partial phrases stemming from sentences. This was to
ensure that sentences with multiple meanings could be analyzed and represented in the data set as
such. The extracted utterances from the transcripts were grouped together, without any stakeholder
designations, in a separate file forming a pool of meanings (of 240 utterances) for preliminary coding,.

The second phase involved interpretation of the pool of meanings, which also consisted of
writing memos to find similarities and differences among utterances, both as a whole (dataset) and as
they related to the transcripts. Analysis proceeded to the third phase to sort and rearrange utterances
into categories of description. Utterances were first grouped into preliminary categories across the
pool of meanings based on similarities. Moreover, analysis of collective meanings across the data was
a focal point when grouping the utterances into the preliminary categories. For example, the utterances
I think that imparting knowledge about how STEM is applied in the world today is integral in a STEM
club’ and T feel like a stem club should teach them things that they're not necessarily going to
experience, whether its whole to kind of expand their learning and their knowledge’ were sorted into
a preliminary category called ‘STEM exposure.’

If utterances diverted or differed from those within existing preliminary categories, a new
category was created. In a few instances, utterances were dropped completely due to the irrelevance
to the data as a whole. Twenty-eight utterances were uncategorized and therefore dropped, resulting
in the final remaining 212 utterances sorted into seventeen preliminary categories (see Appendix B).
The fourth phase of the analysis involved differentiation and refinement and involved a more focused
view on relationships among and between the preliminary categories. As a result, some preliminary
categories were combined, consolidated, or collapsed depending on the collective meanings across the
utterances, resulting in seven hierarchical categories. Finally, the fifth and final phase of the analysis
involved assigning definitions and supporting quotes to each of the core categories. Sub-category
coding was performed to provide greater visualization of the utterances associated with the larger
categories. Stakeholder designations were added back to the coded utterances for data visualization
purposes. The tiered categories and their explanations, with supporting quotes, are provided in the
results section.

To ensure trustworthiness of the analyses in qualitative phenomenographic research,
communicative checks (Kvale, 1996) were carried out to verify the research methods and
interpretations of the data with other members of the research community. As such, the first author
of this study employed bracketing (as explained previously) by examining and evaluating
presuppositions of the phenomenon of study (i.e., what is STEM and STEM clubs), documented these
processes through audits (see Appendix A and Table 1), and verified categories of description with
the co-author, a member of this research community. Pragmatic validity checks were also employed
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to ensure the usefulness of the outcomes of the study (Kvale, 1996). As such, this study also serves as
a response to NRC’s (2014) call to improve STEM learning in informal learning spaces by involving
all stakeholders’ conceptions (rather than single groups) in CUP-based STEM clubs. Regarding
trustworthiness in interview analysis, authors combined data, stripping off the stakeholder
designations in creating the pool of meanings and developing categories. This process was repeated
until final categories were established. Researchers (i.e., authors of this article) also met monthly to
discuss data and analytical methods, as well as shared data over a secure online database. Last, the
second author double coded the data set analyzed by the first author for full agreement.

Results
Stakeholders’ Conceptions of STEM

Completion of analysis resulted in an outcome space of three hierarchical core categories of
description (fifty-one utterances), which were labeled as follows: Category (1) Indifference Towards
STEM with fourteen utterances; Category (2) STEM as a Holistic Discipline with eleven utterances; and
Category (3) Applicability and Usefulness of STEM with twenty-six utterances. Table 2 defines these core
categories of description for stakeholders’ conceptions of STEM, supported by examples of utterances
extracted from the data across this outcome space.

Table 2

Core Categories of Description for Stakeholders’ Conceptions of STEM

Core Category Definition Examples of supporting quotes

(utterances)

Category 1 (n = 14) Stakeholders had no knowledge of UP1: “...in STEM, I feel you need to be in
Indifference understanding of STEM or considered STEM  one of the four disciplines of science,
Towards STEM in its individual disciplines or merely an technology, engineering and mathematics.”

acronym. T: “I know what it stands for: science,
technology, engineering and math and just
having kids to be able to apply those four
things in.”

Category 2 (n = 11) Stakeholders' conceptions of STEM were that ~ UP2: “I think it's more integrated. I think
STEM as a the disciplines were integrated or interrelated in  that they all overlap. I think it's hard to do
Holistic some aspect. any of them without the other.”

Discipline CF1: “...STEM implementation is
addressing a problem through the use of
interdisciplinary skills in STEM.”

Category 3 (n = 20) Stakeholders conceptualized STEM as UP4: “I would stress STEM is everywhere —
Applicability applicable and useful in real-life situations for ~ and everyone is active in STEM, even if it is
and Usefulness home, school, and for the future. not framed as STEM.”
of STEM P: “Things that will benefit them in school.”

S3: “You need help like in engineering. What
if you build a car? You need help? You can't
do that all by yourself.”

Note. UP = university personnel, CF = club facilitator, T = teacher, P = parent, S = student.

Next, Figure 1 displays a frequency chart of utterances per tiered category by stakeholder
group on their conception of STEM.
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Figure 1

Frequency of Utterances Per Tiered Category by Stakeholder Group on Their Conception of STEM
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CATEGORIES OF DESCRIPTION

More utterances were captured from community stakeholders as compared to university-affiliated
personnel for Category 1, with data from students comprising the highest frequency of utterances
regarding their indifference towards STEM. The reverse was true for Category 2 and Category 3 in
that university personnel provided more utterances than community stakeholders about STEM being
a holistic discipline and its applicability and usefulness. No utterances were captured from the students
or the parent for Category 2, suggesting they did not conceptualize STEM as a holistic discipline. The
sections following Figure 1 provide descriptions of these categories, elaborating further as to what
distinguished higher-tiered categories from the previous categories, as well as differences in
conceptions between university and community stakeholders.

Category 1: Indifference Towards STEM

Fourteen utterances were assigned from the pool of meanings to this category of description.
Findings from the data revealed that community stakeholders’ conceptions of STEM were indifferent,
as they did not know what STEM was or learning STEM was a priority. For example, two out of the
three students indicated that they had never heard of STEM, while S3 communicated that she had
“forgot what [STEM] stands for.” The interviewed parent also articulated that she did not know the
meaning of STEM, but that she was “getting a little bit from what [her son was] learning.” Other
stakeholders knew STEM merely as an acronym, as the interviewed teacher declared, for example, “I
know what it stands for: science, technology, engineering and math and just having kids to be able to
apply those four things in.” Others mentioned STEM in reference to learning one of the individual
disciplines (i.e., science, technology, engineering, or mathematics), rather than STEM as a whole. For
instance, one of the university faculty members, UP1, asserted that “the pure definition can be in
STEM, I feel, you need to be in one of the four disciplines of science, technology, engineering, and
mathematics. So, like when we talk about the STEM disciplines, if you're studying biology, you're a
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STEM student.” The same sentiments were also echoed by two other university faculty members:
UP2 and UP3. Meanwhile, one of the STEM club facilitators, CF2, articulated that “STEM is more
science and math-based learning,” without mentioning any regard to the technology or engineering
components.

Category 2: STEM as a Holistic Discipline

Eleven utterances from the data pool were assigned to this category of description. Some
stakeholders’ conceptions of STEM differed from those articulated in Category 1 in that STEM was
seen as an integrative and holistic discipline or a combination (i.e., multidisciplinary) of at least two of
the individual STEM disciplines. All five university faculty members in this study referenced STEM
as holistic or multidisciplinary. For example, UP4 stated, “when combined in the STEM fashion, there
is an iteration and use of the shared relationships (among their respective knowledge, skills, or
practices) that allow us to explore more convergence-based issues.” Similarly, one of the community
STEM club facilitators, CF1, articulated the synthesis among individual disciplines of STEM in tandem
with other non-STEM related skills, stating that “STEM implementation is addressing a problem
through the use of interdisciplinary skills in [each discipline of] STEM in conjunction with other
cognitive and behavioral skills such as critical thinking, effective collaboration, clear and precise
discourse, etc.” The elementary STEM teacher also acknowledged the integration of STEM being
necessary, whereas no utterances of integration or combination of disciplines were found among the
interviewed parent and students of this study.

Category 3: Applicability and Usefulness of STEM

Category 3 constituted the largest amount of references made for this category of description,
having a total of twenty-six utterances. The difference here between Category 2 and Category 3 in this
outcome space is in regard to the applicability and usefulness of STEM. At Category 3, community
stakeholders’ conceptions of STEM were beyond that of merely learning the concept at the surface or
definitional level. Due to nuanced variances of the twenty-six utterances within Category 3 of
stakeholders’ conceptions of STEM, three subcategories were formed to delineate the variation shown
by stakeholder group. The three subcategories of Category 3 were related to the importance of learning
STEM at home (7 = 5), for school (» = 7), and their future (z = 14).

Subcategory of home-based skills. Five utterances were included in the data pool that were
in reference to STEM learning that was attributed with home life. One utterance from UP3 in
reference to applicability of STEM at home stated, “...taking things that they’re learning in school
and then figuring out how to apply them in a unique and exciting way.” The remaining four utterances
were from student participants on the ways they perceive STEM to be applied at home, referencing
helping a parent with gardening (S2) and taking out the trash (S§1) as STEM-related.

Subcategory of school-based skills. Utterances were also captured in regard to STEM
learning that occurs in school. Five utterances described the learning of STEM soft skills in school
that covers a wide array of disciplines including those outside of STEM (i.e., the humanities), while
three utterances described the learning of STEM non-specific skills. An example of STEM soft skills,
as referenced by UP5, include “working together, writing, speaking skills — in which they had to share
their learning experiences with others.” An example of a non-specific skill, like helping classmates in
STEM, was described by S3.

Subcategory of future skills. Thirteen utterances from stakeholders related STEM
applicability and usefulness in future skills. Four utterances described stakeholders’ conception of
STEM as a means for social advancement speaking to the inclusivity of STEM learning, as CF1 stated,
“anyone and everyone is capable in learning STEM.” STEM was also related to skills performed by
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those who worked in STEM disciplines; UP5 mentioned that “some individuals may define STEM as
what I would describe as ‘high-brow’ STEM, referencing what scientists, engineers, and
mathematicians do daily, probably in a work-setting.” STEM was also related to the theme of money,
with S1 making reference to an online game he played and perceived to have STEM-related content:
“Then you get to make a character, and you have a lot of money.” Another four utterances were coded
as stakeholders’ understandings of STEM as critical for success in future work. For instance, UP5
asserted that “knowledge in research and/or evaluation design is fundamental” in regard to STEM
learning, while CF1 declared that “kids need to see the importance of the work that they are doing in
STEM. Three utterances were in reference to the applicability and usefulness of soft skills in STEM.
This subcategory involved stakeholders’ conceptions of STEM as it related to soft skills that can be
applied both in an out of school. For instance, S3 spoke to the importance of collaboration in STEM,
and how it may be used to assist others: “how to work together, okay, and how to like help others
whenever they need help.” Last, commonalities in three utterances referenced other non-specific skills,
focusing on the versatility of STEM for learning. For example, UP4 contended, “I would stress STEM
is everywhere — and everyone is active in STEM, even if it is not framed as STEM.”

Stakeholders’ Conceptions of STEM Clubs

In regard to stakeholders’ conceptions of STEM clubs, there were four hierarchical core
categories which were labeled as follows: Category (1) Non-STEM Related Space with seventeen
utterances; Category (2) Promotion of STEM with fifty utterances; Category (3) STEM Club Learning
Environment with fifty-nine utterances; and Category (4) Production Site of STEM Knowledge, Skills, and
Enjoyment with thirty-six utterances. Table 3 defines these core categories of description for
stakeholders’ conceptions of STEM Clubs, supported by examples of utterances extracted from the
data across this outcome space.

Figure 2 displays a frequency chart of utterances per tiered category by stakeholder group on
their conceptions of STEM clubs, highlighting differences in conceptions between university and
community stakeholders. More utterances were captured from university-affiliated stakeholders than
community stakeholders across all four categories. Utterances from all participants were captured in
Category 1 and Category 2 regarding after school clubs being a space for non-STEM related activities
and spaces that promote STEM, respectively. There were wide gaps in the frequencies of utterances
between university-affiliated stakeholders and community stakeholders for Category 2 and Category
3, with university stakeholders making more utterances about the learning environment of STEM
clubs. Although Category 4 still had more utterances captured from university-affiliated stakeholders,
the gap among frequency differences was narrower between both groups, with student participants
having about the same number of utterances as university personnel. Core categories 2, 3, and 4 were
also coded into subcategories to delineate nuanced variances between utterances for data visualization.
The four core categories in this outcome space are further described in the sections that follow.
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Table 3

Core Categories of Description for Stakebolder’s Conceptions of STEM Clubs

Core Category Definition Examples of supporting quotes (utterances)
Category 1: Stakeholders conceptualized community P: “It's just something to do for fun.”
Non-STEM STEM clubs as a safe space for students, T: “It turned out to be a great thing for my
Related Space regardless of content higher thinkers for sure. [It] helped them
emotionally because they would get frustrated.”
Category 2: Stakeholders conceptualized community UP3: “The goal is to engage the average students

Promotion of STEM STEM clubs as a space that provides
students access to STEM, STEM
professionals and careers, and STEM
possibilities, or affect, for enhancing
learning, inclusivity, and relevancy.

that maybe don't have every other opportunity to
engage with STEM.”

CF2: “I definitely noticed that the kids are
excited to go to both the science and math
clubs.”

Category 3: Stakeholders conceptualized community CF1: “STEM clubs do not necessarily need to
STEM Club STEM clubs as spaces that lie along the promote a static curriculum, although I do not see
Learning continuum of free choice STEM learning a problem to do so0.”

Environment environments S3: “At school like we don't have that many
activities. But here it’s fun because like, we do
different activities for the math.”

Category 4: Stakeholders conceptualized community UP1: “You want an opportunity to expose the

Production Site of STEM clubs as hubs that produce STEM
STEM Knowledge,  knowledge, skills, and enjoyment of STEM

Skills, and Enjoyment within the club.

students to science and an opportunity to think
critically, and to explore.”
S1: “We made tornadoes and stuff.”

Note. UP = university personnel, CF = club facilitator, T = teacher, P = parent, S = student.

Figure 2

Frequency of Utterances Per Tiered Category by Stakeholder Group on Their Conception of STEM Clubs
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Category 1: Non-STEM Related Space

Among the utterances assigned to Category 1, stakeholders in the CUP indicated that STEM
clubs serve other purposes in addition to STEM-related content or activities. For instance, CF1
explained that in some cases, a STEM club is “a safe learning space for students who need to be kept
occupied outside of normal school hours.” This sentiment was also echoed in the interview with the
parent participant, as she stated, “I think it's really good to have something [for the kids] to do,”
alluding to the fact that she was unable to pick up her son after school because she would still typically
be at work at those hours. Furthermore, stakeholders indicated that the STEM club afforded an
opportunity for students to establish rapport with adult mentors as role models. UP2 expressed, “If
something's, you know, heavy on their mind, and it might not have anything to do with STEM, we
can form those relationships with those kids.”

Category 2: Promotion of STEM

Assignment of utterances for Category 2 pertained to STEM clubs as spaces that allow for the
promotion of STEM. Category 2 is differentiated from Category 1 in that there were indications of
STEM-related utterances to stakeholders’ conceptions of STEM club, that these spaces provide a
sense of direct or indirect exposure to STEM, specifically for underrepresented populations. As the
teacher participant declared, STEM clubs are “exposing [kids] to things that they're not used to seeing
or kind of being stretched in ways they're not used to thinking.” However, due to the voluntary nature
of the community STEM clubs, there are still challenges in recruiting critical learners. UP3 elaborated
that “we kind of get the, you know, not the rock star students, not the lowest performing students,
but somewhere kind of in between.” Nonetheless, there is evidence that what is learned in STEM
clubs is also being promoted at home, as the parent participant shared that her son “comes [home]| to
talk about what he's learned, like math, or like the science that's going on at the community center.”

The utterances in Category 2 were further divided into subcategories to further capture how
STEM is promoted through the club according to stakeholders’ conceptions. Subcategories in
Category 2 were in descending number of utterances: the inclusivity that STEM affords (» = 13);
generating positive affect towards STEM through enjoyment and attitudes (» = 12), as well as
cultivating interest and motivation (7 = 8); gaining access to STEM professionals and careers (# = 10);
engaging in STEM learning and enrichment (# = 8); garnering a relevancy of STEM (# = 4); and
understanding of what is STEM (# = 2).

Category 3: STEM Club Learning Environment

Most utterances in regard to stakeholders’ conceptions of STEM clubs were assigned to
Category 3 which involved references to the STEM club learning environment. Utterances in Category
3 differed from Category 2 in that their attention was focused on the level of curriculum-based
teaching that occurs within the STEM club. Utterances from the data revealed conflicting views within
and between community members and university-affiliated personnel.

For instance, UP5 explained, “There should be a curriculum. It should build upon knowledge,
skills, practices through hands-on, active experiences.” However, UP4 disagreed stating, “I do not
think there should be a static curriculum. This is strictly based on my definition of STEM clubs, which
requires STEM club participants to be extremely fluid.” Meanwhile, some stakeholders were
ambivalent in regard to the decision of implementing a curriculum in a STEM club. CF2 stated, “I
don't think that [STEM clubs] should necessatily be consistent because every club is catering to
different kinds of people in different kinds of communities,” while UP2 clarified, “The point is to
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have a club where we're really engaging them in those topics of STEM with any activity that we see fit
for the age group.”

While utterances were captured from the teacher and student participants, there were no
utterances made by the parent participant that fit into this category. The utterances in Category 3 were
further divided into subcategories to further capture emergent themes in relation to the STEM club
learning environment according to the conceptions of stakeholders. Subcategories in Category 3
elucidated a continuum for how STEM clubs should be structured, from being completely informal
(free-choice) STEM learning environments (# = 14), to being slightly structured, either guided by
student-led, hands-on, enrichment (» = 13), or organized around a real-world, community-based
problem (7 = 11), to highly structured around a specific group or culture (# = 4), or a completely non-
formal (specific curriculum) structure (7 = 20).

Category 4: Production Site for STEM Skills and Knowledge

Finally, Category 4 for this outcome space was differentiated from Category 3 because this
category encompassed utterances that referenced STEM skills and knowledge produced within STEM
clubs, irrelevant of the STEM club curticulum, or lack thereof. Furthermore, across the stakeholder
groups, there were consistencies in the understanding that STEM skills and content knowledge were
learned in the STEM club. For instance, there were utterances in regard to the creation of some sort
of product. The teacher participant indicated that in a previous community STEM club, students
would “build cardboard and duct tape boats, that students would then get to race at the end of the
week.” Likewise, all students mentioned the construction of a tornado model to learn about weather,
as S2 stated, “we made a tornado in a bottle.” In addition to products, other soft skills and a sense of
enjoyment were found to be present in STEM clubs evidenced by stakeholders’ utterances. CF1
mentioned, “STEM clubs provide the opportunity to enhance global skills such as engagement,
collaboration, and cooperation,” alluding to soft skills acquired in STEM clubs. Meanwhile, UP3 stated
that one former community STEM club student exclaimed, “And I had such a great time that I came
back the next year, and now I've decided I want to be an engineer.”

This category, more than any other category in this outcome space, revealed an almost equal
amount of utterances between community stakeholders and university personnel. However, similar to
Category 3, there were no utterances captured from the parent participant for this category.
Subcategories in Category 4 were related in regard to what should be produced through STEM Clubs:
knowledge (7 = 16), shared enjoyment (z = 14), and skills (» = 8).

Discussion

The phenomenographical lens in the present study provided insight to the CUP stakeholders’
community understandings of STEM and CUP-based STEM clubs. The analysis of the pool of
meanings revealed three hierarchical categories for stakeholder conceptions of STEM: Indifference
Towards STEM; STEM as a Holistic Discipline; and Applicability and Usefulness of STEM; and four
hierarchical categories for stakeholder conceptions of STEM clubs: Non-STEM Related Space;
Promotion of STEM; STEM Club Learning Environment; and Production Site of STEM Knowledge,
Skills, and Enjoyment. There were three significant findings from the outcome space that warrant
further discussion: (1) the varying degrees to which STEM is conceptualized among stakeholders; (2)
stakeholders’ beliefs that STEM learning is important for elementary students’ futures, and afterschool
community STEM clubs help promote that notion; and (3) stakeholders disagree on the learning
structure of community STEM clubs.

Data suggests that there was a clear disparity between university personnel and community
stakeholders’ conceptions of STEM (see Figure 1). Surprisingly, university personnel in this study
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alluded to STEM as a more holistic discipline, contradicting what is stated in the literature that
university personnel still conceptualize STEM as individual disciplines (Breiner et al, 2012).
Nonetheless, Breiner and colleagues further elaborated that university personnel’s conceptions of
STEM are based on how STEM impacts their lives; revealing differences in this study between
university STEM and STEM education faculty. That idea thus clarifies the context of this study that
university personnel upheld a more integrative approach to STEM because such a conceptualization
aligned with their intended learning outcomes for the STEM club; that is, informal learning via
integrated STEM instruction.

As for community stakeholders, their conceptualization of STEM (Figure 1) was largely
indifferent or they viewed it as generally helpful, suggesting only a rudimentary understanding of
STEM. Meaning, stakeholders in the community were unaware of what STEM was in the first place.
More specifically, the parent and two student participants have never heard of the concept of STEM,
much less knew what the acronym stood for, reinforcing the idea that general citizens of the
community do not know what STEM is (Angier, 2010).

Although the teacher participant was transparent in that she considered herself an elementary
STEM teacher, she also expressed her concept of STEM merely as an acronym of the four individual
disciplines. Given the increasing attention to and need for a more integrative approach to STEM
(English & King, 2019), and considering that the community participants in this study were
stakeholders of education at the elementary level (i.e., elementary teacher, parent of elementary
student, and elementary student), there is an indication that the understanding of integrated STEM
learning before the middle school years is needed. This is especially significant considering studies that
have shown STEM integration being implemented at the elementary level helps to promote positive
attitudes toward science in elementary students (Toma & Greca, 2018). The vast differences in a
conceptualized understanding of STEM among stakeholders of the CUP, furthermore, implies that
there may have been barriers and obstacles in stakeholder communication that need to be overcome
(Bender, 2008). Reciprocity of understanding and substantial communication among CUP
stakeholders on this particular finding would help mitigate, if not resolve, differences in conceptions
of STEM. It is unsurprising then that since stakeholders hold contradicting conceptions of STEM,
the same holds true regarding their conceptions of STEM clubs, as seen in the wide disparity of
frequencies regarding conceptions of STEM clubs in Figure 2.

Although community stakeholders made more utterances to STEM utility at home and
university personnel made more utterances to STEM utility at school, one aspect that stakeholders
seemed to agree upon in regard to the conception of STEM related to the benefit of STEM for the
future. The conceptualization of STEM among stakeholders was positive in that learning STEM would
help promote skills that would be useful for students engaging in STEM in the long run. These soft
skills include critical learning, problem solving, and collaboration—skills sought after by potential
STEM employers (Prinsley & Baranyai, 2013). Moreover, stakeholders also agreed that community
STEM clubs provide that space and opportunity for such STEM skills to be produced (see Figure 2),
thus implying that fostering effective local community STEM clubs is beneficial not only for students,
but also for the community as a whole. Indeed, as the demand for STEM skills by employers continues
to increase, afterschool community STEM clubs are conducive informal learning environments to
help nurture these skills in youth (Afterschool Alliance, 2015; Talafian et al., 2019).

One last significant finding from this study is that while stakeholders view community STEM
clubs as significant vehicles in promoting and producing STEM learning, there were conflicting
perceptions to the degree learning should be structured. Three out of five university personnel agreed
with literature that afterschool STEM clubs should have a set curriculum in place (Feldman & Pirog,
2011), whereas other participants believed that STEM clubs should not be constricted to a
standardized curriculum, such that learning in STEM clubs is fluid and student driven. For many of
the CUP stakeholders, a sense of STEM enjoyment in a club setting was more important than the
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curriculum or instruction. This notion is supported in the literature that STEM clubs promote
enjoyment due to hands-on experiences that are not provided in formal in-school settings
(Krishnamurthi et al., 2014). However, research on effective STEM programs suggest that both the
social and academic aspects of student STEM learning are positively impacted when balanced with
focused objectives and curricula (NRC, 2015). In addition to consistent collaboration and
communication, this research suggests that CUPs that engage in deeper conversation on the purpose
of STEM clubs may establish clearer curricula and modalities for instruction to meet their elementary
students’ needs (knowledge, skills, and enjoyment) in STEM now and for the future.

Limitations

Phenomenography as a theoretical framework and methodological approach is often criticized
for the potential bias inherent within the researcher’s preconceived notions of the phenomenon
(Ashworth & Lucas, 2000). Thus, to mitigate potential bias, bracketing (Tufford & Newman, 2012)
was applied and accomplished through removal of stakeholder designation in the data analysis. We
established credibility by building protocols and understandings from extant literature and used expert
review. Inclusion of two researchers to review the data helped to mitigate introduction of bias
(Trigwell, 2000; Walsh, 1994). Additional limitations included a small sample size and that participants
for this study were associated with only one of the afterschool STEM clubs in the community.
Sampling a larger number of stakeholders—especially teachers, parents, and students—would help
determine a broader view of a community’s varying conceptions of STEM. Furthermore, results
examining conceptions from one afterschool community STEM club may only be significant for that
geographical demographic.

Conclusion

Afterschool STEM programs have been shown to develop students’ positive attitudes toward
the STEM fields and interest in pursuing a career in STEM (Afterschool Alliance, 2015; Baran et al.,
2019). Moreover, understanding stakeholders’ conceptions of STEM is critical in establishing and
sustaining the overall goals and objectives of community STEM clubs (Appel et al., 2020). The present
study suggests the need for more substantive communication and collaboration among community
stakeholders (i.e., university personnel, classroom teachers, community staff, parents, and students)
for afterschool STEM club development and improvement (Davis et al., 2023). Evaluating and
synthesizing stakeholders’ conceptions of STEM would help contribute to afterschool STEM
curriculum, thus strengthening the programming and implementation of STEM activities in
afterschool STEM clubs. Considering stakeholder input toward afterschool STEM curriculum would
enhance and inform positive outcomes in afterschool STEM clubs, thus making the clubs more
attractive for student participation and parents’ enrollment of their students (Salvatierra & Cabello,
2022).

The phenomenon of ‘what is STEM’ (Bybee 2010; Sanders 2008) and the experiences of
students engaging in STEM learning within formal K-12 settings has been studied extensively (see
NRC 2011; National Academy of Engineering & NRC, 2014; Shahali et al., 2016). What is less studied
are the experiences of all stakeholders (students plus parents, teachers, university faculty, etc.) in
informal settings such as community-based STEM clubs (Gottfried & Williams, 2013; Sahin et al.,
2014). This article addressed that need through a phenomenographic examination of stakeholders’
experiences in informal STEM learning via a CUP-based STEM club to explore commonalities and
differences in their conceptions of STEM and experiences in informal STEM. This study found that
community and university stakeholders hold varying conceptions of STEM but agree that afterschool
STEM clubs are vital resources to promote STEM and enhance STEM-related life and soft skills.
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However, data also disagreed in terms of the degree of curriculum structure in STEM clubs. Further
studies are warranted in examining STEM clubs in various locations across various population groups
to gain a clearer perspective of the STEM learning needs of a particular community.
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Questions for
University Personnel

Questions for
Teacher

Questions for Parent

Questions for
Students

1. How do you define
‘STEM?’

1. How do you define
‘STEM?’

1. How do you define
‘STEM?’

1. What do you think
of when you hear
STEM?’

2. How do you define
a ‘STEM club?’

2. How do you define
a ‘STEM club?’

2. How do you define
a ‘STEM club?’

2. What do you think
of when you hear
‘STEM club?’

3. What do you expect
students to learn in
STEM clubs?

3. What do you expect
your students to learn
in STEM clubs?

3. What do you expect
your child(ren) to
learn in STEM clubs?

3. What do you expect

to learn when you go
to STEM club?

Appendix B

Preliminary Categories of Description (n=17) in Alphabetical Order

Category

Acknowledgment of different definitions of STEM
Affective learning in STEM
Characteristics of STEM club

Contents of STEM club
Does not know STEM

Learner-centered STEM club

Prior experiences in STEM
Purpose of community STEM club
STEM clubs are thematic

STEM as individual disciplines
STEM as interrelated disciplines
STEM club learning environment

STEM exposure

STEM is a part of everyday life
STEM is professional work-setting related
Teaching-centered STEM club

Unfocused STEM clubs
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ABSTRACT

This study examines the efficacy of a novel college sustainability course in promoting relevant
environmental knowledge and interest in careers related to environmental aspects within the
Taiwanese educational context. The core content of the course covers the essential concepts of
sustainability and introduces students to environmental issues and their interrelation with the nexus
of food, energy, and water, as well as related economic and social issues. This action competence-
focused course was designed to allow students to develop their understanding of sustainability
through a combination of engaging lectures, novel group activities, case studies, exercises, and team
projects. The sample consisted of 44 Taiwanese undergraduate and graduate students majoring in
the science, technology, engineering, and mathematics (STEM) disciplines. Participants’ interest in
STEM careers and perceived knowledge were measured by a pre-test and post-test administered
before and after the program, respectively. Analyses of variance, correlation analyses, and cross-
lagged panel regression analyses were conducted to test four hypotheses. Results of repeated-
measure analysis of covariance indicated that knowledge increased significantly from pre-test to
post-test, but not career interest. Results of a cross-lagged panel regression analysis also indicated
that pre-test knowledge was a significant positive predictor of post-test career interest. By creating
an engaging class atmosphere and promoting experiential self-learning activities, this course was
highly effective in enhancing students’ knowledge of key sustainability aspects. Implications for
interest development theory and sustainability pedagogy are also discussed.

Keywords: environmental knowledge, sustainability, sustainable development goals, interdisciplinary
course, STEM, career planning, Taiwan

Introduction

Sustainable development refers to meeting the needs of the present without compromising
the ability of future generations to satisfy their own needs (Brundtland, 1987; Borowy, 2021). Eight
millennium development goals were adopted for a 15-year period (United Nations Report, 2015), and
these goals have been broadened into 17 sustainable development goals (United Nations Report,
2016). The United Nations declared 2004-2015 the Decade for Sustainable Development and
introduced the Principles for Responsible Management Education to enhance and extend

© 2023 International Consortium for Research in Science & Mathematics Education (ICRSME)
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Sustainability into mainstream education. Education for sustainability allows for the development of
knowledge, skills, values, and broader perspectives necessary for people to act in ways that contribute
to sustainable living by better understanding of environmental, social, cultural and economic systems
and their interdependence. Evans et al. (2017) emphasized the need for a more systematic and cross-
disciplinary approach to sustainability education with interactive teaching and learning methods.
Aikens et al. (2016) noted that not all sustainability programs focus on topics such as climate change
policy and intersectionality. Numerous sustainability courses lack interdisciplinary coverage on key
topics. The learning processes include collaboration and dialogue; engaging the “whole system”;
innovating curriculum as well as teaching and learning experiences; and processes of active and
participatory learning, with assessment of learning processes and outcomes relationship.

Programs that focus on sustainable development are structured to achieve the following goal
for students: encourage students to enhance their environmental knowledge to gain a broad
understanding of sustainable development goals. Environmental educators have four responsibilities
while avoiding indoctrination: (1) help learners understand why sustainable development ought to be
of interest to them; (2) help students gain multiple perspectives on issues; (3) help students understand
what they are learning and its significance; and finally (4) encourage students to continue to think
about what to do, individually and socially, to keep their own and others’ options open (Qablan et al.,
2011; Scott, 2002). Kasimov et al. (2002) explained that guiding principles related to sustainability,
environmentalism, economics, and social well-being need to be emphasized in education for
sustainability. Owusu et al. (2017) stated that business students’ interest in environmental issues is
positively related to their environmental literacy levels; moreover, once they have a deeper
understanding of environmental issues, they are more likely to be involved in environmental activities.

Charatsari and Lioutas (2018) found that participation in a short environmental education
course provides students with higher levels of environmental knowledge and a more holistic
understanding of the environment, while it also increases the impacts of environmental education in
higher education and recommends the introduction of environmental education in curricula to
facilitate the development of environmental thinking. A novel concept has been implemented by
creating the University Regional Research Consortium for environmental monitoring and protection
to improve education applicability (Sterbuleac & Toma, 2019). By forming relations with community
members and decision-makers, a university offers ways of managing current environmental challenges
(Sterbuleac & Toma, 2020). Choudhary et al. (2019) report that students with a science background
are more likely to have higher levels of interest, knowledge, participation, and contribution toward the
environment compared to students with non-science backgrounds.

Jensen and Schnack (1997) recommended the concept of action competence in environmental
education, making the argument that environmental issues are deeply rooted in societies. Action
competence was defined as relevant knowledge, self-efficacy, and willingness in three constructs: (1)
knowledge of action possibilities; (2) confidence in one’s own influence; and (3) the willingness to act
(Breiting & Mogensen,1999; Jensen & Schnack, 1997; Olsson et al., 2020). Olsson et al. (2020) further
defined action competence:

In the action competence concept, which we here define as a latent capacity among individuals,
the need for meaningful actions is described as the willingness to act for sustainability (p. 745).

Sass et al. (2021) emphasized the importance in action competence in sustainable development
(ACiSD) and considered it as the desired outcome of education for sustainable development (ESD).
Environmental education enables students to act on both societal and personal levels. Furthermore,
Miller et al. (2021) found that, after an internship sustainability program, university students’
environmental knowledge increases.
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Taiwan, in particular, faces significant sustainability challenges. Due to its comparative
disadvantage in agricultural production, the self-sufficiency rate in calorie-based calculations of staple
food was 26.31% in 2021 (Taiwan Ministry of Agriculture, 2023). Another major challenge is related
to the environment. As one of the most densely populated places in the world, Taiwan has to deal
with the growing problem of microplastics, and food and electronic waste. In addition, its renewable
energy sufficiency is also a concern as the country’s electricity generation still mainly relies on thermal
energy, while only less than 10% is from renewable sources (Bureau of Energy, Ministry of Economic
Affairs, 2022). By 2025, the planned target is to have 20% renewable energy. In light of the nuclear
disaster that occurred in March 2011 in Fukushima, Japan, Taiwan initiated the decommission of its
nuclear power plants, which contributes to less than 10% of the nation’s electricity. Plans are underway
to replace these old nuclear power plants with thermal, hydropower, and wind energy.

Moreover, research has demonstrated that while students in Taiwan frequently show interest
in sustainability and environmental issues, they rarely connect it to the nexus of food, water, and
energy or to government policy, focusing instead on individual actions, such as recycling (Hsu & Pivec,
2021). They also appear to lack sufficient knowledge of climate change (Li & Liu, 2021). However,
individual actions and behavior alone would be insufficient to solve the issues relating to sustainability
and the linkages between energy, water, and food. The gravity of the environmental situation in
Taiwan requires the development of a workforce with comprehensive sustainability knowledge and
the occupational skills needed to address these crucial challenges. To do this, educators are encouraged
to stimulate students’ interest in pursuing careers in the fields of science, technology, engineering, and
mathematics (STEM), in which environmental innovations will primarily be developed (Vennix et al.,
2018). Furthermore, sustainable development courses should emphasize the linkages between food,
water, and energy, and their relationship to government policy to ensure that sustainability knowledge
and interests are broad enough to enable Taiwanese students to comprehensively understand the
environmental issues that face Taiwan and the world beyond it.

The purpose of this study was to examine the efficacy of a novel college sustainability course
in promoting relevant knowledge and STEM career interests related to environmental aspects of
sustainability within a Taiwanese educational context. In Taiwan, short integrated and interdisciplinary
courses focusing on sustainability is a fairly new concept in local education. Moreover, our course was
taught in English and it delivers the cutting-edge knowledge in sustainability to students with its
original formality in content. Hence, our course was considered as a novel college sustainability course
since its concept and teaching method were new to college students in Taiwan. The four-day course
was titled Swustainable Development: Environmental, Economical, Managerial, and Health Perspectives: Inspiring
Future 1eaders in Sustainable Development, and course schedules are described in Appendix I. The primary
objectives of the course were to improve students’ knowledge of the following:

(1) The major challenges of energy, food, and water consumption

(2) The management of natural resources and sustainability

(3) The impact of technology on sustainability and climate change

(4) Economic, business, and managerial perspectives on sustainable development.

STEM education has a fundamental role in advancing technology, medicine, sustainability,
agriculture, national security, economy, and society. STEM courses encourage finding the most viable
global problems without necessarily considering the most sustainable option. To prepare STEM
students to become potential change agents, they must learn to apply their knowledge to the three
pillars of sustainability: economic, environmental, and social. An integration of sustainability into
STEM courses is much needed (Zizka et al., 2021). We note that students may enter STEM careers
not only to become practitioners but also to educate others about sustainability. However, in this
study, we limited our focus to students who were primarily interested in careers in STEM practice
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rather than STEM pedagogy. This article has been organized into the following sections: theoretical
framework, teaching sustainability, hypothesis development, teaching methodology, results,
discussion, limitations, future research, and conclusions.

Theoretical Framework
We integrated two theoretical perspectives to examine the sustainability course: the Person—
Object Theory of Interest (POI) (Krapp, 2002) and Alexander’s Model of Domain Learning (MDL)
(Alexander, 2004; Alexander et al., 1994). The POI posits that interest develops as a function of the
relationship between a person and their life space. See Figure 1 for the person-object theory of interest
model.

Figure 1

Model of the Person—object Theory of Interest Development

Conditional Actualized Enduring
Factors State Developmental
Effect
Person
< Situationalw Internalization Individual
X
Interest J Interest
Learning
Situation

Note. Situational interests in this study are defined as the interest shown by students for the various
problem-based learning emphasized in the course. Figure adapted from “Structural and dynamic
aspects of interest development: Theoretical considerations from an ontogenetic perspective,” by A.
Krapp, 2002, p. 398. Copyright 2002 by Elsevier

From a personality theory perspective, this interest is assumed to develop through the
connections made between an object of interest and the attitudes and feelings that define an individual,
which are stable across situations and time. This type of interest is referred to as individual interest.
However, interest can also be activated through transient interaction with an object or task. This
structural component of interest, referred to as sizuational interest, is primarily determined by the features
of the task and is characterized by heightened attention and affective engagement (Hidi, 2000; Hidi &
Harackiewicz, 2001). The interaction of the person with the object—which can represent a concrete
object, subject matter, or idea (Krapp & Prenzel, 2001)—is theorized to lead to the development of
situational interest, which is then internalized over time as individual interest.

The MDL builds upon the POI by incorporating both situational and individual interests into
a model that posits both as a function of domain and topic knowledge. See Figure 2 for information.
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Figure 2

Model of Domain Learning (Alexander, 2004, pp. 273—298)

High
Situational Interest
Individual Interest
Intensity Cohesion/
Structuredness
Low \
Acclimation Competency Proficiency/

Expertise
Stages of Domain Learning

Note. From “A model of domain learning: Reinterpreting expertise as a multidimensional, multistage
process.” In D. Y. Dai and R. J. Sternberg (Eds.), Motivation, emotion, and cognition: Integrative
perspectives on intellectual functioning and development (pp. 273-298). Lawrence Erlbaum.
Copyright by Lawrence Erlbaum.

According to this theory, domain learning occurs across three stages: acclimation, competency, and
proficiency or expertise. Learners who are acclimating to the knowledge domain are theorized to
possess high situational interest due to the novelty of the task. As learners develop competence in a
domain, their situational interest declines. However, with declining situational interest, there is a
concomitant increase in individual interest as the learner’s competence increases and learning becomes
more formalized and structured. We grounded the current study in this theoretical framework because
other theories of interest development (e.g., Lent et al., 1994) focus exclusively on trait-like interest
development rather than focusing equally on trait- and situation-based determinants of individual
interest.

Empirical evidence supports both theoretical propositions. For instance, Trobst et al. (2010)
indicated that elementary students’ perceptions of science instruction by their teachers were positively
associated with the development of individual interest. Moreover, Trobst et al. (2016) demonstrated
that situational interest mediated this relationship, thus indicating that situational interest functions as
a temporal antecedent of individual interest. Research has also shown that interaction with particular
mathematical tasks (e.g., calculation) is positively associated with the development of interest in these
tasks, as well as mathematics interest in general (Ufer et al., 2017). Studies employing pretest-posttest
designs among college-aged students also suggest that effective teaching strategies can increase
situational interest in STEM domains such as marine biology (e.g., Seidelin et al., 2021). Research
focusing specifically on the MDL has also supported its theoretical propositions. In a sample of college
students, Murphy and Alexander (2002) found that pretest interest in psychological subject matter was
associated with increased interactive knowledge, which in turn predicted an increase in posttest
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subject-matter knowledge. Studies have also supported the theory’s tenets among undergraduate
students in the life and physical sciences. For instance, Alexander et al. (1995) found that participants
with greater knowledge of immunology displayed higher interest in and recall of information on the
topic than participants with less immunology knowledge. Similarly, Alexander et al. (1994)
demonstrated that domain knowledge of physics was a positive predictor of both interest in physics
and later recall of physics information. Despite these supportive findings, there remains a dearth of
research on these interest development models among undergraduate students in STEM, which
underscores the critical need for the present research. Moreover, there is not only a need to increase
students’ interest in conducting research in these STEM domains. There is also a need to raise
students’ awareness of the connections of STEM research topics to broader non-STEM issues (e.g.,
public policy, economics, politics) that are also implicated in discussions of environmental
sustainability. The current research aims to unify these topics in this way.

Current Study

Numerous studies have supported the efficacy of interventions aimed at altering both
environmental sustainability (e.g., Lehman & Geller, 2004) and science-related attitudes (e.g., Deemer
& Sharma, 2019). Therefore, our first two hypotheses are as follows:

Hypothesis 1: Participants’ perceptions of knowledge of environmental and sustainability
issues will increase significantly from pre-test to post-test.

Hypothesis 2: Participants’ individual interest in STEM careers will increase significantly from
pre-test to post-test.

Given that prior knowledge provides a foundation for the development of individual interest
(Alexander, 2004)—a finding that has been demonstrated consistently across STEM subject domains
(e.g., Durik & Matarazzo, 2009; Tapola et al., 2013)—we expected that antecedent perceptions of
knowledge would be associated with subsequent career interest. Hence,

Hypothesis 3: Participants’ perceptions of knowledge of environmental sustainability at pre-
test will be a significant positive predictor of STEM career interest at post-test.

Finally, MDL suggests that the relationship between knowledge and interest should strengthen
with increasing exposure to an academic domain (Alexander, 2004). Lawless and Kulikowich (2006)
obtained support for this assertion by finding that the correlation between these variables increases as
students advance from undergraduate to graduate study. Therefore,

Hypothesis 4: The positive correlation between post-test knowledge and post-test interest will
be significantly stronger than the positive correlation between pre-test
knowledge and post-test interest.

Method
Course Contexts

The data presented here was collected during a four-day course that met during fall break in
September 2018. Prior to the program, participants completed a pre-test which consisted of
demographic, STEM career interests, and perceived knowledge questionnaires. In terms of the
curriculum, the sustainability module was presented on the first day, the energy and technology
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modules were presented on the second day, the managerial, global health, and nexus modules were
delivered on the third day, and students presented the results of their group projects on the fourth
day. At the conclusion of all program activities, the participants were asked to complete a post-test
survey that assessed their STEM career interests and perceived knowledge. We administered all
surveys online.

We implemented revised course contents and teaching methodology from the pilot study
conducted in 2016 through 2017. A more comprehensive questionnaire was used in administrating
the survey since the course design covers a wide range of topics relevant to STEM careers, which may
be of interest in career development for participants. The sustainability short course lasted for four
days, which is not a typical duration for college-level courses in Taiwan. A typical university course is
of three credits, with an approximately three-hour weekly class across 15-18 weeks. A short learning
course is offered with less lecturing hours. Effectiveness of short learning courses are evaluated for
the benefit of improving the students’ self-efficacy (Judge et al., 2020); improving knowledge and skills
(Argimon-Pallas et al., 2011); and improving student communication skills (Hazelton et al., 2009). In
this research, our course was considered short as it was offered for one credit hout, which is 18 hours
in total. The short course provided enough data to test four hypotheses, all of which were grounded
in the POI and MDL frameworks.

Our teaching methodology was developed in a short course for university students and
implemented over the course of 3 years (i.e., 2016, 2017, and 2018) at two national universities in
Taiwan. Revised course data was collected in 2016 and 2017 to modify and refine the course content
and teaching methodology. Only data collected in 2018 are presented in this research. Despite a small
sample size, we subjected the data collected in 2018 to empirical investigation to assess the preliminary
efficacy of the pedagogical intervention.

Participants

The sample consisted of a total of 44 Taiwanese students majoring in STEM disciplines: 30
undergraduate students (five freshmen, six sophomores, nine juniors, and 10 seniors) and 14 graduate
students. The majority of students (# = 37) were from National Chung Hsing University (NCHU) in
Taiwan because few students were recommended to join the course by their advisors at other
universities. As long as their majors were within the spectrum of STEM disciplines and they had
language proficiency in English, they were qualified to participate in the program. Twenty-six
participants identified as female and 18 identified as male. The participants’ mean age was 20.49 years,
with an average of 2.07 college courses (5D = 1.02), in which they had previously learned about some
aspects of energy, water, food, environment, and health-related topics. Most of these courses were in
economics (7 = 25), followed by biology (# = 20), earth science (# = 13), chemistry (# = 12), technology
(n =9), physics (# = 3), and sociology (# = 1).

Measures

STEM Career Interest

Participants’ interest in STEM careers was measured with a pre-test and post-test administered
before and after the program using five items developed by the first author. These items asked
participants to rate their interest in the following career domains: (a) science, (b) technology, (c)
engineering, (d) environment, and (e) mathematics. Specifically, the item for each domain was as
follows: “How would you rate your interest in (science, technology, engineering, environment, or
mathematics)?” Items were rated on a Likert-type scale ranging from 1 to 4 (1 = never considered; 2
= very weak; 3 = moderate; 4 = very strong) (e.g., see Appendix II and III) and summed to create a
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composite score. Cronbach’s alpha coefficients of .70 and .88 were obtained at pre-test and post-test,
respectively.

Percetved Knowledge

Participants’ perceptions of their knowledge of various issues related to environmental
education were assessed using 10 items developed by the first author (see Appendix II). Items were
rated on a Likert-type scale ranging from 1 to 5 (1 = not much; 2 = very little; 3 = a moderate amount;
4 = a considerable amount; 5 = a great deal). The scale exhibited excellent internal consistency
reliability at pre-test (« = .86) and post-test (« = .93).

Course Curriculum

A pedagogical strategy is to focus on action competence in delivering courses. Education for
sustainability is about engaging students with the world they live and developing the ability to act for
a sustainable future. The teaching and learning approaches can include experiential learning,
cooperative learning, problem-based learning, and inquiry-based learning. These approaches prepare
students to be active participants, empower their capability of deliberating causes and effects, and
constructs their visions for finding strategies toward solving sustainably problems. There has been a
sharp increase in interdisciplinary teaching of sustainable development within environmental
education (Chen & Liu, 2020; Jensen & Schnack, 1997). Examples of topics included in courses are
sustainability or sustainable development, natural resources, environmental health, and global
warming. Most of the courses were at the intervals of one week to one semester and reported positive
outcomes (Chen & Lu, 2020). Pedagogical strategies and active learning included role-plays and
simulations, group discussions, stimulus activities, debates, critical incidents, case studies, reflective
accounts, critical reading and writing, problem-based learning, fieldwork and outdoor learning,
modeling good practices, and seeing the big picture (Tilbury, 2011).

The lectures were chosen to provide a broader understanding of sustainability and sustainable
development goals. A four-day framework was chosen to fit the course during fall break. We organized
the lectures into two sessions per day, and each session focused on a different aspect of sustainability.
At the start of the course, an “ice-breaker” session facilitated team-building. Appendix I shows details
of the course curticulum and activities (introduction/icebreaker, lectures, open discussion, break,
group projects, team buildings games, case studies, group presentations, and prize distribution).
Interactive learning was incorporated as instructors encouraged students to ask questions and work in
teams to respond to questions. Peer-to-peer student interactions were encouraged in providing
broader perspectives and applying sustainability/sustainable development knowledge to increase their
STEM career interests.

The course was divided into a series of lectures or sessions that discussed the various aspects
of sustainability and its relationship with the environment, the energy, food and water nexus, global
health, and related economic policy. Our lectures also included several pertinent case studies. The
various topics of discussion or sessions were as follows.

Global Sustainability Challenges of the 21* Century. We defined sustainable development
(Redclift, 2006) and discussed its impacts on policies relating to energy, climate and environment,
water, and food security.

Energy Resources: Fossils and Renewables. In the first part of the lecture, students were
introduced to three primary types of energy sources—fossil, renewable, and nuclear. The second part
of the lecture included renewable forms of energy (i.e., solar, hydropower, wind, geothermal, and
biomass).
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Electricity Grid and Energy Storage. Two core concepts were covered in this lecture:
energy storage (Luo et al., 2015) and electrical grids (Diamantoulakis et al., 2015).

Energy Utilization. We introduced students to the main energy-consuming sectors (U.S.
Energy Information Administration, 2018): the industrial sector, the transportation sector, the
residential sector, the commercial sector, and the electric power sector.

Food and Water. We introduced the concept of food security (Misra, 2014). We then outlined
the four main dimensions of food security: availability, access, utilization, and stability. We also
discussed the sources and usage of water, the water cycle, water availability, and the water footprint
network (Gunders, 2012; Provide Access to Clean Water, 2018).

Environment and Climate. This session introduced students to the global environmental
challenges brought about by human activity, the growth of the human population, and the increased
stress that humans place on the biosphere (National Research Council, 2001; Rockstrém et al., 2009).

Economics and Business. In this session, students studied energy economics and
commodities. In addition, we discussed policies, regulations, and the concept of a circular economy
(McKinsey Center for Business and Environment, 2016; Castillo et al., 2018; Coyle & Simons, 2014).

Global Health. In this lecture, health as it refers to the global population, was discussed.
Global health is defined as the “area of study, research, and practice that places priority on improving
equity in health for all people worldwide” (Kaplan et al., 2009, para. 1).

NEXUS Perspective: Interdependencies and Interconnectedness. The water, energy,
and food security nexus refers to the inextricable link between water security, energy security, and
food security—actions in any one area usually have impacts in one or both of the others (D’Odorico
et al., 2018). As the world population approaches nine billion and demands for basic services and the
desire for higher living standards increase, the need for more conscious stewardship of the vital
resources required to meet those demands and desires has become both more obvious and urgent. A
nexus approach can enhance water, energy, and food security by increasing efficiency, reducing trade-
offs, building synergies, and improving governance across sectors. A nexus approach is a requirement
for effective policies to benefit society.

Case Studies on Environmental Impact. Several case studies were presented throughout
the course. The selected case studies investigated the effects of industrial development activities or
disasters on the environment, communities, and public health. These included the Fukushima disaster
(American Nuclear Society, 2012), the BP Oil spill (National Academy of Engineering & National
Research Council, 2012), and Nam Theun 2, a hydropower dam project in Laos (The World Bank,
2018).

Teaching Methodology

In the past few decades, interdisciplinary courses have greatly increased (e.g., neuroscience,
molecular biology, and environmental sciences; Lattuca & Voigt, 2022). An interdisciplinary course is
organized around a topic, broadly defined as an issue, theme, or problem. Interdisciplinary courses
offer an alternative to traditional knowledge production processes in that they seek to be integrative
and holistic understandings of the social and natural worlds. An interdisciplinary pedagogy emphasizes
an innovative approach to student-centered learning processes in developing their skills: evaluation,
synthesis, integration, higher-order critical thinking, and problem-solving. Interdisciplinary courses
allow students to develop the ability to tolerate multiple perspectives, to broaden horizons, and to
increase willingness and capacity to question assumptions about the world and themselves.

We provided opportunities in this course for both interdisciplinary learning and working in
teams to more effectively consolidate the students’ understanding of sustainability. Interdisciplinary
learning links across different subjects to enhance learning. Team learning involves working in groups
to discuss critical issues, role plays, case studies, and sharing and understanding each other’s views of
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the big picture. This interdisciplinary teaching methodology allowed students to learn complex issues
related to food, energy, water, policy, and related social and economic issues in a novel and interactive
manner. Figure 3 shows interactive learning in the classroom, and Figure 4 shows the students leading
discussions.

Figures 3 and 4

Students 1eading Discussions

7 3 xR

L) ; %
Students were teamed in small groups. Students were encouraged to lead the discussion and also
discuss their topics among themselves (interactive and peer-to-peer learning). The role of the
instructors was to facilitate discussion within team members as well as among teams. Students were
encouraged to discuss their topics among themselves (interactive and peer-to-peer learning).

Team-Building Games

In order to encourage learning in an enjoyable and retainable manner, we played several
sustainability-themed games throughout the course. These included “Paying for Predictions,”
“Nuclear Jeopardy,” and “Sustainability Jeopardy.” These covered aspects of sustainability that were
discussed throughout the course.

Grading and Projects

We determined the students’ grades on the basis of their performance on a mid-term exam, a
final exam, their in-class participation, and a group project. For the final project, the class was split
into groups of four or six students, and each group was assigned a different project topic. Project titles
included “Food Waste in Taiwan,” “Plastic Waste in Taiwan and Policy,” “Case Study: Water Pollution
in Taiwan,” “Circular Economy and Paper Industry in Taiwan,” “Recycling Disposable Chopsticks in
Taiwan,” “Energy Policy in Taiwan,” and “Climate Change in Taiwan.” The goal of these group
projects was to help students think critically about a given problem related to Taiwan, identify possible
solutions, and then analyze the pros and cons of these solutions. At the end of the course the students
were required to submit a project report and deliver a short team presentation. Figure 5 and Figure 6
represent pictures of students making presentations on “Food Security in Taiwan” and “Plastic
Pollution in Taiwan.”
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Figures 5 and 6

Student Presentations on “Food Security in Taiwan” and “Plastic Pollution in Taiwan

Students were teamed in groups of four to six people. Teams were given a range of topics to work on
team projects. These topics were cutting edge and key issues related to sustainability and environment,
food, energy, water, climate. Teams were assigned time every day during the course period to interact
with the teaching assistant and instructors to research their topics. Finally, students delivered a 15
minute team presentation to the whole class on the last day of the course: introduce topic, what did
you research, what is the gap, what are possible technology solutions and policy recommendations to
implement, and finally answer any questions from their peer students. Team presentations were graded
on contents, and delivery. Teams also worked outside the class room to discuss their topic.

Data Analytics

Several analytical methods were applied in this study to examine the relationships between
pretest and posttest for participants in their career interest in STEM and perceived knowledge. Zero-
order correlations, analysis of covariance (ANCOVA), Fisher’s r—to—z transformations and z-tests,
and path analysis were utilized in data analytics. ANCOVA is a suitable analytical method since the
data represented participants’ STEM career interest and perceived knowledge in pre- and post-tests.
Path analysis is used to reveal whether perceived knowledge at pre-test can be a significant predictor
of career interest at post-test.

Results
Zero-order correlations are presented in Table 1.
Table 1

Zero-Order Correlations Among the Study V ariables

Variable 1 2 3 4
1. Pre-test career interest —

2. Post-test careet interest S0FHE —

3. Pre-test perceived knowledge 19 34% —

4. Post-test perceived knowledge .09 32% .30* —
5 M 12.72 16.36 29.82 49.50
6. 5D 3.06 3.51 6.34 5.49

Note. * p < .05. % p < .001
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A bar graph of pre-test and post-test means for STEM career interest and perceived knowledge
is also shown in Figure 7.

Figure 7

Pre-test and Post-test Means for STEM Career Interest and Perceived Knowledge
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Pre-test career interest was positively and significantly correlated with post-test career interest (r= .50,
p <.001), while pre-test perceived knowledge was also significantly associated with post-test perceived
knowledge (»= .30, p <.05). Analysis of our four hypotheses is discussed below.

Our first hypothesis is that participants’ perceptions of knowledge of environmental and
sustainability increase significantly from pre-test to post-test. Our second hypothesis is that
participants’ individual interest in STEM careers will increase significantly from pre-test to post-test.
To test the above two hypotheses, we conducted a repeated-measures analysis of covariance
(ANCOVA) with time as the within-subject factor for both STEM career interest and perceived
knowledge. We controlled for gender, program year, and the number of previous courses in which
participants indicated they had learned about sustainability. Results revealed a significant multivariate
effect of time (Pillai’s 17 = .50, F (2, 39) = 19.48, p < .001, partial n* = .50). Despite this finding,
follow-up univariate ANCOVAs indicated that only perceived knowledge increased significantly (F
(1, 40) = 35.02, p < .001, partial n* = .47), from pre-test (M = 29.82, SD = 6.34) to post-test (M =
49.50, SD = 6.34). The effect of time for career interest approached significance, but it did not quite
meet this threshold (F (1, 40) = 3.45, p = .07, partial ° = .08).

Obur third hypothesis is that participants’ knowledge of environmental sustainability at pre-test
will be a significant positive predictor of STEM career interest at post-test. To test this hypothesis, we
applied a cross-lagged panel regression model. To apply this model, we regressed the post-test interest
and knowledge variables on their pre-test counterparts using path analysis. Results indicated that there
were significant autoregressive effects, as pre-test interest was a significant positive predictor of post-
test interest (§ = .45, p < .001), and pre-test knowledge was a significant positive predictor of post-
test knowledge (6 = .29, p = .04). Importantly, perceived knowledge at pre-test was a significant
positive predictor of career interest at post-test (§ = .25, p = .04), thus supporting hypothesis three.
See Figure 8 for information.
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Figure 8

Cross-lagged Panel Model of STEN Career Interest Development
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Our fourth hypothesis is that the positive correlation between post-test knowledge and post-
test interest will be significantly stronger than the positive correlation between pre-test knowledge and
post-test interest. To test this hypothesis, we converted the pre-test and post-test knowledge-interest
correlations to g-scores using Fisher’s 7—to—z transformations and then performed a g-test on the
difference between the two z-scores. Interestingly, the correlation between career interest and
perceived knowledge was not significant at pre-test (» = .19, p = .21), but this relationship was
significant at post-test (r = .32, p = .03). Nevertheless, results indicated that the difference between
these correlations was not significant (g = -.33, p = .74); therefore, hypothesis four was not supported.

Discussion

The purpose of this study was to examine the efficacy of a novel college sustainability course
in promoting relevant knowledge and interest in careers related to sustainability within a Taiwanese
educational context for the purpose of raising awareness. Results from this study indicated that after
participating in the course, students show improvement in their knowledge, interest, and self-efficacy
over topics relating to sustainability.

The intervention was effective in increasing students’ perceptions of knowledge, as their scores
on the knowledge measure increased nearly 20 points from pre-test to post-test, supporting our first
hypothesis regarding increased knowledge of environmental and sustainability issues. Our second
hypothesis is not supported, as the increase in STEM career interest that was observed from pre-test
to post-test—as predicted by the POI (person—object theory of interest) —was not statistically
significant. The lack of a significant finding with respect to the second hypothesis regarding increased
interest in STEM careers may be explained by the MDL (Alexander’s model of domain learning). That
is, the MDL states that individual interest should increase linearly as the learner’s proficiency and
knowledge structure becomes more coherent. Participants in our study may have developed subject
matter proficiency over the course of the intervention, but one week affords little time to form a
cohesive knowledge structure. However, information from multiple interdisciplinary fields relating to
sustainability was introduced to the students during the course. Students were also required to
participate in team discussions and at the end of the course, students delivered team presentations.
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Hence, the amount of information students received and the coursework students had to do were
considered intensive. If more time could be added to the course for other interactive activities such as
field trips, the outcome of this short course would be even more effective, especially in terms of
delivering a more cohesive knowledge to students.

The finding regarding hypothesis 3 is consistent with the MDL assertion that domain
knowledge should provide a foundation for the development of interest over time. Exposure to a
novel area of learning is a necessary precondition for students to develop the curiosity, attention, and
enjoyment that is so critical to capturing interest in a task. Although we did not measure situational
interest explicitly, it appears that greater understanding of the tasks that the participants were exposed
to contributed to the formation of broader and more stable interest in STEM careers in general. This
is consistent with previous findings which suggest that domain knowledge is positively associated with
individual interest in STEM disciplines such as physics (Alexander et al., 1994; Tapola et al., 2013) and
biology (Alexander et al., 1995; Durik & Matarazzo, 2009). The post-test correlation between
knowledge and interest was not significantly stronger than the pre-test correlation between these
variables, thus our fourth hypothesis was not supported. While the difference between the correlations
was not statistically significant, our results are not inconsistent with the POI since there was a
significant positive correlation between post-test career interest and post-test perceived knowledge.
In our view, this represents preliminary evidence that the interaction of students with their learning
environment fosters the development of interest. The lack of a significant finding may be due to
insufficient statistical power given the relatively small sample size. Future research would do well to
conduct a more robust test of this hypothesis with larger samples.

Our findings build upon the literature by demonstrating that knowledge within a unique
environmental STEM domain is an important precursor to the development of interest in STEM
careers. Why the participants expressed interest in these careers may be explained by their view of
these careers being instrumental in helping them solve global challenges, such as climate change, food
insecurity, and global health, or they may be interested in them for intrinsic reasons. In other words,
they may see these careers as opportunities to achieve important personal or societal objectives, or
they may simply be interested in STEM careers. Interestingly, our results showed no association
between initial interest in STEM careers and greater acquisition of knowledge at a later point in time.
The fact that initial knowledge was predictive of later interest, while the converse relationship (initial
interest and later knowledge) was not significant, lends support to the MDL notion that proficiency
in an academic domain is a necessary precondition for interest to develop.

Limitations and Future Research

As with any study, this one has limitations worth considering. As discussed in the results
section, the sample was from a university in Taiwan. We recommend that future research examining
the efficacy of similar courses be conducted with a larger sample of students from other cultures. We
also did not directly measure participants’ perceptions of situational interest following particular tasks.
Thus, explicit connections between situational interest and STEM career interest could not be
assessed. Future research evaluating the value of situational interest as a predictor of interest in STEM
careers or even the more specific domain of environmental sustainability would be fruitful. Second,
due to the lack of a control group, we cannot assume a causal relationship between the course and the
observed effects. Although we statistically controlled for gender, academic classification, and prior
knowledge (i.e., the number of previous courses in which students learned about sustainability), we
could not make strong inferences of causality. Future research could build upon these results by
including a control group or a comparison group that is exposed to a similar course or intervention.
Furthermore, the efficacy of the intervention may have been limited by its selected short duration
during fall break. Future research would do well to lengthen this or similar interventions to ensure
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that students’ STEM career interests are sufficiently exposed to attitude-changing information.
Furthermore, future research should also follow (e.g., a longitudinal study) the progress of students’
career intentions throughout their years at university and may even include a post-graduation period
to determine if their career choices are related to their initial interests in STEM subjects.

Future course offerings will aim to integrate other improvements into the curriculum and
course structure. Students may be taken on tours of multiple industrial facilities to observe real world
problems or document how they operate and affect sustainability. They will also be given the
opportunity to work on industry-related projects by collaborating with local industrial partners. This
will allow them to develop marketable skills and become competitive candidates when they decide to
join the workforce. Another goal we have is to develop and expand the current course into a certificate
or degree program in sustainability. Finally, to generalize our findings, it is important that future
researchers reproduce this pilot study in other global settings and educational systems.

Conclusions

The four-day short sustainability development course introduces students to the
environmental aspect through its interdependence with the nexus of energy, food, water, health, and
economic considerations. The core content of the course described in this study covers the essential
concepts of sustainability and introduces students to the environmental aspect through its
interdependence with the nexus of energy, food, and water, health, and economic considerations. By
creating an engaging class atmosphere with open-ended discussions and promoting experiential self-
learning activities among the students, our findings suggest that this course was highly effective in
enhancing the students’ knowledge of key sustainability topics. Furthermore, the activities in the
course such as group discussions, projects, and case studies helped to validate their understanding,
broaden their perspectives, and allow them to appreciate the importance of the environment and
sustainability.

This study’s major contribution lies in the fact that it demonstrated the efficacy of a course
that integrates environmental awareness in an engaging manner into STEM learning. It provided an
opportunity for students to connect what they learn in the classroom to prominent socio-
environmental concerns and issues of the real world, which they may gain a better understanding of,
or even inspired to help solve, through such courses. An approach like this is needed, as some research
has shown that sustainability in higher education sometimes fails to integrate environmental actions
on campus with social and economic principles emphasized in community engagement projects (Zizka
et al., 2021). In particular, Taiwanese university students are frequently limited in their understanding
of sustainability issues, which they often see as only being related to individual actions or behavior,
such as avoiding the use of straws, recycling plastic products, turning the lights off, and so on (Hsu &
Pivec, 2021; Li & Liu, 2021). In particular, focusing on the nexus between energy, food, water and
related economic and environment policy would help students gain a broader and more
comprehensive understanding of modern sustainability issues.
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Appendix I

Course Schedule: Sustainability for Future Generations - Environmental,
Economical, Managerial, and Health Perspectives

September 3rd (Monday)

12:00-1:00 PM
1:00-1:30 PM
1:30-2:50 PM
2:50-3:00 PM
3:00-4:20 PM
4:20-5:00 PM
5:00-7:00 PM

September 4th (Tuesday)

10:30 AM -12:00 PM

12:00-1:00 PM
1:00-1:30 PM
1:30-2:50 PM
2:50-3:00 PM
3:00-4:20 PM
4:20-5:00 PM
5:00-7:00 PM

September Sth
(Wednesday)

10:30 AM -12:00 PM

12:00-1:00 PM
1:00-1:30 PM
1:30-2:50 PM

2:50-3:00 PM
3:00-3:55 PM

355-4:05 PM
4:05-5:00 PM

5:00-7:00 PM

September 6th (Thursday)

Decide your own time

3:30-5:00 PM
5:00-5:30 PM
5:30-7:00 PM
7:00 PM

Luncheon with Faculty and Students
Free Time

Introduction

Break

Sustainability Perspective

Project Discussion with Instructor
TA's Session: Work on Group Project

Energy Perspective: Fossil and Renewable Resources
Lunch

Free Time

Sustainable Agriculture Perspective: Food and Water
Break

Technology Perspective: Environment and Climate Change
Project Discussion with Instructor

TA's Session: Work on Group Project

Managerial Perspective: Policies, Politics, and Regulations
Lunch
Free Time

Business and Economics Perspective: Technology
Diffusion and Circular Economy
Break

Global Health Perspective: Life-Style Changes and
Diseases
Break

NEXUS Perspective: Interdependencies and
Interconnections
TA's Session: Work on Group Project

Work in Your Group for Presentations

Group Presentations

Prizes, Certificate Presentations, and Group Photo
Dinner with Faculty, Dean, TA, and Others

Good Bye

115



116  SHARMA ET AL.

Appendix 11

STUDENT PRE-PARTICIPATION SURVEY

1. Name

2. Nationality

3. Gender

4. In what year were you born?

5. Year in School:

6. Which of the following courses did you take in the past 2-3 years (Select all that apply)?
Biology Chemistry Mathematics
Earth Science Economics Physics
Engineering Technology Other (please specify)

7. In which of the following courses have you learned about energy, water, food, environment and health
related topics?

Biology Chemistry Mathematics
Earth Science Economics Physics
Engineering Technology Other (please specify)

8. How would you rate your interest in the following careers?

Please circle the most appropriate answer for each Never Very Wi Very
statement considered  weak oderate strong
Math-related career (e.g., accountant, economist,) 1 2 3 4
Science-related career (e.g., biologist, chemist, geologist). 1 2 3 4
Engineering related career. 1 2 3 4
Technology or computer related career. 1 2 3 4
Environment related career. 1 2 3 4
9. What do you know about sustainability?
Not Much A Great Deal
1 2 3 4 5
Comments:
10. What do you know about energy
Not Much A Great Deal
1 2 3 4 5

Comments:

11. What do you know about Climate Change?



12.

13.

14.

15.

16.

17.

18.

INTEGRATING ENVIRONMENTAL KNOWLEDGE

STUDENT PRE-PARTICIPATION SURVEY

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about food?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about water?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about environment?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about the economics of energy?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about policy, politics, regulation, and strategy?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about the nexus of energy, food, water, climate, and environment?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about the circular economy?
Not Much A Great Deal
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STUDENT PRE-PARTICIPATION SURVEY

Comments:

19. What do you know about the global health?

Not Much A Great Deal
1 2 3 4 5
Comments:

20. What do you hope to learn {or gain) from this course?
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Appendix 1T

STUDENT POST-PARTICIPATION SURVEY

1. Name

2. How would you rate your interest in the following careers?

Please circle the most appropriate answer for each Never Very biesderat Very
statement considered  weak Sl strong
Math-related career (e.g., accountant, economist,) 1 2 3 4
Science-related career (e.g., biologist, chemist, geologist). 1 2 3 4
Engineering related career. 1 2 3 4
Technology or computer related career. 1 2 3 4
Environment related career. 1 2 3 4
3. What do you know about sustainability?
Not Much A Great Deal
1 2 3 4 5
Comments:
4. What do you know about energy?
Not Much A Great Deal
1 2 3 4 5
Comments:
5. What do you know about Climate Change?
Not Much A Great Deal
1 2 3 4 5
Comments:
6. What do you know about food?
Not Much A Great Deal
1 2 3 4 5
Comments:
7. What do you know about water?
Not Much A Great Deal
1 2 3 4 5
Comments:
8. What do you know about Environment?
Not Much A Great Deal
1 2 3 4 5
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10.

11.

12.

13.

14.

15.

16.

STUDENT POST-PARTICIPATION SURVEY

Comments:

What do you know about the economics of energy?

Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about policy, politics, regulation, and strategy?
Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about the nexus of energy, food, water, climate and environment?
Not Much A Great Deal
1 2 3 4 5
Comments:

What do you know about the circular economy?
Not Much A Great Deal
1 2 3 4 5
Comments:
What do you know about the global health?
Not Much A Great Deal
1 2 3 4 5

What do you know about the natural and man-made disasters?
Not Much A Great Deal
1 2 3 4 5
Comments:

What did you think of the course? What were your major take-aways?

What are some things you liked about the course?

2
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STUDENT POST-PARTICIPATION SURVEY

17. What are some things you would suggest changing about the course?

18. Describe —how course was inspiring to think like a leader?
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ABSTRACT

Predicting preservice teachers’ performance on their certification examination may meaningfully
help Educators Preparation Programs (EPPs) to adapt and integrate learning frameworks that can
improve their passing rates. This study used multiple linear regression (MLR) and binomial logistic
regression (BLR) to explore potential variables that may impact the preparedness of 170 pre-service
teachers to pass the science core of the official EC-6 Texas Examinations for Educator Standards
(TEXES) certification examination. The study was conducted by issuing a practice EC-6 TExXES
certification examination in a pretest and post-test manner during the semester that the participating
cohort were enrolled in BIOL 1082, a mandatory science course EC-6 preservice teachers need to
take prior to the official state EC-6 TExXES certification exam. Additionally, the cohort took an
online Qualtrics™ survey that collected ex post facto and other demographics data. The
independent variables explored in this study included: final grade in BIOL 1082, classification,
transfer status, prior college science coursework, enrollment status, family’s college history, and
current GPA. The dependent variable used was the post-test score on the practice EC-6 exam. The
independent variable, grade in BIOL 1082 was revealed to be the single best predictor of preservice
teachers’ performance on the science practice examination across both the MLLR and BLR models.
The BLR models had a higher prediction accuracy of preservice teachers who would most likely fail
the practice test than those who may pass at a prediction rate at approximately 79% accuracy. Based
on the 67 out of 170 preservice teachers who passed the post-test, the accuracy of predicting failures
may be a useful tool that EPPs can use in identifying students who may be at risk of failing and thus
implement necessary interventions and other educational strategies.

Keywords: preservice teachers, multiple linear regression, binomial logistic regression, predictor factors,
certification

Introduction

Science and mathematics have long been considered the toughest subjects for students to master
at the primary level through the tertiary level of education (Murphy & Smith, 2012; Pino-Pasternak &
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Volet, 2018; van Aalderen-Smeets et al., 2017). The belief in preconceived poor performance in science
have at times caused even the most brilliant of students to pivot to courses and degrees that were
considered less challenging (Pino-Pasternak & Volet, 2018). The carried belief of mediocre performance
in science at times has come from family members and for some students their low self-efficacy in
science has come from their own teachers (Pino-Pasternak & Volet, 2018). Further, according to
Murphy et al., (2007) many preservice teachers have themselves predicted that they will not perform
well on the science portion of their certification examination. Additionally, some elementary classroom
teachers, even after passing their certification examination, have expressed that they spend the least
amount of time on the subject matter of science in the classroom (Binns et al., 2020). This cyclical
apprehension of preservice teachers’ ability to learn and teach science can in turn lead to their future
students getting low exposure to science content, which can then be reflected as an ongoing lapse in
students’ commitment to persevere in learning science. Later, if these same students pursue teacher
certification, they may unintentionally relay to their students that success in science is unachievable
(Binns et al., 2020; Pino-Pasternak & Volet, 2018). Studies have also shown that a connection exists
between the passing of the certification exam and a preservice teacher’s effectiveness in the classroom
(Boyd et al., 2007; Donovan et al., 2014; Senler, 2016).

In the state of Texas, to obtain an elementary teacher certification one must pass the Texas
Examination for Educator Standards (TEXES) Early Childhood to 6th grade (EC-6) examination (EC-
6 TEXES). Prior to 2015, students were allowed an unlimited number of attempts to pass the exam.
After 2015, with the passing of the EES.A Act, examinees are only allowed five attempts to pass the
exam with a score of at least 80%. In tandem with this shift in the number of attempts allowed, the
Educator Preparation Programs (EPPs) must also maintain an overall pass rate of 85% each year to
meet accreditation requirements (Warren, 2017). Creating a model to predict preservice teachers’
performance on their official certification examination may not only help boost a preservice teacher’s
motivation, self-efficacy, and confidence (Ebrahim, 2012), but may also serve as a beneficial tool to the
EPPs (Hutson, 2017).

The TExES™ EC-06 certification examination consists of two subdivisions: content area for the
specific grade level, and pedagogy and professional responsibilities (Feuer et al., 2013; Gard, 2011,
Sasson, 2014). There are five subject domains within the content portion of the exam: Domain I:
English Language Arts Reading, & the Science of Teaching Reading (28%); Domain II: Mathematics
(18%); Domain III: Social Studies (16%); Domain IV: Sciences (19%); and Domain V: Fine Arts,
Health, and Physical Education (19%) (TExES™ program preparation manual, 2019). This study
focused on subject Domain IV: Sciences, which includes 18 competencies over which 52 multiple
choice questions are asked on the official EC-6 TEXES exam. The courses offered at the EPP prepare
preservice teachers for the science portion of the EC-6 certification examination and include BIOL
1082 (Biology for Elementary Educators), BIOL 1132 (Environmental Science for non-science majors),
GEOG 1710 (Earth Science for non-science majors), PHYS 1210 (Conceptual Physics for non-science
majors), and EDEE 4330 (Science Methods for Elementary Educators). The Biology for Educators
course (BIOL 1082) was developed exclusively for preservice Elementary Education majors and covers
approximately 8 of the 18 competencies of Domain IV, which makes up about 44% of the science
concepts that need to be mastered for the certification examination. The other three science courses,
Environmental Science, Earth Science, and Conceptual Physics are also taught within the College of
Science; however, these courses are open to all non-science majors and are not taught in context of
becoming an elementary teacher. In their senior year, elementary education majors, take EDEE 4330,
Science Methods, which is taught within the College of Education. Since Biology for Elementary
Educators has content that covers material from the other three science courses and, as a single course,
covers the largest amount of the material on the official examination (44%), it was selected as the focus
for this study.
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Predicting preservice teacher passing rates on the state certification examination and identifying
potential variables that may influence their performance is beneficial to EPPs, preservice teachers
themselves, and other agencies (Hutson, 2017). Various studies have explored the impact of academic
and environmental factors that may influence students’ performance on the teacher certification
examination. Most studies have included academic factors such as GPA, familial influences, age,
workload, full time or part-time status, and other environmental factors (DeFreitas & Rinn, 2013;
Graunke & Woosley, 2005; Kim & Corcoran, 2018; Peters & Draughon, 2017; Swecker et al., 2013).
Though studies have explored factors that may impact or predict performance on preservice teachers
state certification examination, most of these studies looked at how preservice teachers performed on
the overall content exam where all the subject areas were combined, or their performance was examined
based on performance on the Pedagogy and Professional Responsibilities (PPR) with factors such as
GPA, first-generation, and course grades predicting performance on the overall certification
examination (Frizzell, 2014; Gard, 2011; Kazempour & Sadler, 2015; Kim & Corcoran, 2018; Warren,
2017).

Of the few studies that have explored preservice teachers’ performance on individual subject
matter exams, academic factors showed some correlation to predicted performance of preservice
teachers on the certification examination. In previous studies, exploring predictors of performance on
teacher certification examination, Gard (2011) investigated factors predicting failure on TEXES 8-12
History and found that transfer status and GPA were closely correlated to success on the examination.
Thobega and Miller (2008) explored factors predicting preservice teachers’ performance in agriculture
certification and revealed that ACT scores and gender were highly correlated to success on the PRAXIS
IT content examination. On the other hand, Sandholtz and Shea’s (2015) exploration of preservice
teachers' predicted performance in California state licensing revealed that grades in prerequisite courses
as well as supervisors anticipated performance of preservice teachers were not accurate predictors of
performance on certification examinations.

Further, the National Council on Teacher Quality (NCTQ) stated that almost half of EPPs do
not analyze preservice teacher content knowledge before and after science courses, nor do they associate
such coursework with predicted/actual performance on certification examinations (NCTQ, 2014). In
fact, most of the previous studies exploring teacher certification examinations were in subject areas of
mathematics or history or addressed the overall general content examination. In the single study that
attempted to dissect the subject matter within the content area of EC-6 generalists (Bains, 2011), the
trajectory of the study was to investigate the pass rate of each subject area. Thus far, no study has been
identified that has exclusively explored the predictive modeling of preservice teachers’ performance on
the science portion of the content area of certification examinations. Thus, there remains a gap in the
literature on investigating factors that may affect preservice teachers’ performance on the individual
subject domains within the EC-6 TEXES content examination. With science being a subject matter that
seems daunting to both preservice teachers and their future students, predicting performance of
preservice teachers on science subject area (Domain 1V) of the EC-6 TEXES certification exam was
targeted as the subject matter to be explored (Warren, 2017). Based on factors from previous studies
and a class survey, variables showing correlation to students’ performance were selected as independent
variables and analyzed using multiple linear regression (MLR) and binomial logistic regression (BLR).
Variables such as grades, transfer status, previous courses taken, credits taken, first-generation and
relatives in education were identified using a survey. The outcome variable was the score on the science
practice exam.

EPPs can lose their accreditation status and preservice teachers can accrue additional debt and
lowered self-confidence if failure on the official EC-6 TEXES certification exam occurs (Hutson, 2017).
Additionally, the rigor for each certification examination has increased along with an increase in student
population in all classes in every state (Darling-Hammond, 2019). The findings of this study may help
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guide EPPs on how and where to best utilize their resources to support preservice teachers prior to
their taking of the official certification examination and may also help guide preservice teachers on
which science competencies they need to most focus their remediation efforts. Additionally, predictive
factors identified as having a potential impact on performance may be useful in the early part of the
recruitment of preservice teachers into EPP programs. (Linn & Jacobs, 2015).

Literature Review

Learning and teaching science is still regarded as one of the most difficult tasks for preservice
teachers to grasp (Hutson, 2017). In studies assessing preservice teachers' readiness to teach science in
a classroom, approximately 70% of first-time classroom teachers expressed nervousness and
unpreparedness to teach science in comparison to teaching the other subjects (Binns et al., 2020; Pino-
Pasternak & Volet, 2018). Pre ESSA Act (2015), pre-service teachers could do extremely well in one
subject area and that would compensate for doing pootly in another, so long as the overall score was
passing. Post ESS5.4 Act, minimal proficiency must be achieved in all subjects as each is scored separately
and each must reach the 80% threshold. For this reason, having a solid knowledge on each of the 18
competencies for Domain IV is essential (Sawyers & Myers, 2018). Predictive factors that can influence
preservice teachers' performance on their official certification examination can be a powerful tool used
by EPPs to focus their attention and resources on the areas and factors to help in both the retention of
enrollees within their program as well as improving the pass rate of their students (Warren, 2017).
Preservice teachers that score at or below the required 80% on their practice examination can receive
scaffolding and other types of interventions to help improve their scores on the official examination.
Additionally, a predictive model can highlight the independent variables, both academic and
environmental, that may predict actual performance.

Regression models have long been used to build predictive models, with multiple linear
regression being the most used (Sullivan et al., 1996). In this study, both multiple linear regression, and
binomial logistic regression models were used to predict performance. While a binomial logistic model
can be employed to predict broad dichotomous outcomes such as pass or fail, multiple linear regression
offers a closer estimation of the actual score. For instance, logistic regression can place individuals into
a pass category, however the score could be 79.9%, which would be on the cusp of failing. Thus, multiple
linear regression provides the detailed score, allowing the EPP and learner to know that they can still
be in danger of failing.

In 2002, the NCLB Act, shuffled the deck to reform America’s education system. One of the
changes of the NCLB Act was increased rigor for teacher certification examinations (Darling-
Hammond, 2019). Plans and policies were written at the federal level. For example, schools were
evaluated based on their Annual Yearly Progress (AYP) and sanctions were issued if AYP goals were
not met for three consecutive years (Miller & Hudson, 2007; Lesley, 2016). From 2012 to 2015, the
Obama administration revised parts of the NCLB A¢f and in 2015 proposed the Ewvery Student Succeeds
At (ESSA). ESSA (2015) discarded the AYP requirements and returned the accountability back to the
state level where requirements became evidenced-based measures to improve standards for all students
(Darling-Hammond et al. 20106). For Texas, this translated to the TEXES and under the TEXES™ EC-
6 test Domain IV, each of the competencies outline the standards for which the preservice teacher must
demonstrate proficiency to successfully teach EC-6 science (TEA, 2018). Studies have shown that
preservice teachers usually score pootly in science Domain IV (Miller & Hudson, 2007; Kazempour &
Sadler, 2015).

One of the critical changes that came along with the ESSA Aez of 2015 was limiting the number
of attempts preservice teachers can take certification examination. A second change targeted how the
examination was scored and required each of the five subject domains to be passed with a minimum
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score of 80% rather than using the former composite score which allowed low performance in some
subject domains to be offset by higher performance in other domains (Darling-Hammond et al., 2016;
Hutson, 2017). The reduction in number of attempts, along with increased pressures to improve
performance of students in both mathematics and science placed additional stress on preservice teachers
to master all subject domains, and on EPPs to improve performance on certification examinations
(Darling-Hammond et al., 2016; Sutcher et al., 2016).

In addition to changes to the structure and scoring of the certification exams, there continues
to be a nationwide shortage of teachers (Sutcher et al., 2016). This shortage has been due to an increase
in the population of students attending school; an increase in the number of retirees; a decrease in the
number of preservice teachers pursuing certification by approximately 33%; a decrease in the passing
rate of teachers on their certification exam; and an increase in the standards across all platforms that
measures teachers’ accountability. The EPPs that prepare preservice teachers can also be sanctioned or
receive disciplinary actions if their program fails to produce high quality teachers (Warren, 2017).

Research on determining factors that can affect and predict student performance on
examinations continues to be relevant and various statistical methods and academic and environmental
factors have been investigated to determine impact (Kazempour & Sadler, 2015; Kim & Corcoran,
2018). For example, Lykourentzou et al., (2009), using a multiple linear regression model, found that
the best prediction of performance in an online course was the staging of practice multiple choice
examinations early in the course. D’Amico and Dika (2013) examined precollege and other academic
factors during eatly college years that may influence students' success in Science, Technology,
Engineering, and Mathematics (STEM) fields and found GPA and success in mathematics were major
indicators of success on the examination. Kim and Corcoran (2018) investigated factors that impact
preservice teacher academic achievement and showed GPA, along with performance in their EPP, were
impactful on a student’s test performance. Studies investigating the impact of age and college
classification on examination performance revealed that older students, as well as those who are further
along in their college classification, showed increased cognitive skills as well as higher GPA (Kim &
Corcoran, 2018). Also evident, was that factors investigated, in terms of college classification, focused
on the performance of freshmen in college (Graunke & Woosley, 2005). Additionally, similar to
freshmen, their study revealed that sophomores were at significant risk of dropping out of college.
Furthermore, first-generation students tend to earn lower grades and have a lower completion rate of
college compared to the other college counterparts as they are often employed whilst attending college
(DeFreitas & Rinn, 2013; Kim & Corcoran, 2018; Martinez et al., 2009; Swecker et al., 2013). In addition,
transfer students, compared to non-transfer students, had lower GPAs however, the GPA advantage
held by non-transfer students disappeared about a semester after the student transferred (Douglass,
2012; Krieg, 2010). Finally, over the last five decades, increasing numbers of college students engage in
part-time work, with approximately 40% of all full-time students having a part-time job (Peters &
Draughon, 2017). Since it is anticipated that by 2025 close to 45% of all college students will be attending
part-time, the influences on part-time students and what determines their success in college needs to be
investigated (NCES, 2017; Peters & Draughon, 2017). With all of these independent variables shown
to have some impact on student performance, this study used some of these variables to evaluate their
individual, as well as their combined, impact on performance on the science portion of the EC-6 TEXES
certification examination.

Predicting preservice teachers' performance on their certification examination with the use of
predictive models can allow EPPs to identify students who may potentially fail the official state
certification examination so they may implement strategies to improve success on a subsequent EC-6
certification exam through remediation, retrieval practice, improved test taking strategies, and other
interventions (Masters, 2018). This study used BIOL 1082, a mandatory preservice biology course that
covers the biology competencies of the EC-6 TEXES examination. Students who volunteered to
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participate in the study took the practice EC-6 certification examination at the beginning of the semester
(pretest) and at the end of the semester (post-test). Additionally, an online Qualtrics™ survey was used
to collect self-reported demographics and other pertinent information about the participants. In support
of the goal of this study, which was to predict preservice teachers score on the science portion of the
EC-6 TEXES practice certification exam, the grade in BIOL 1082 as well as 13 additional independent
variables from the Qualtrics survey were utilized. The post-test score on the practice exam was used as
the dependent variable. Taken together, these variables were used to create multiple linear regression
and binomial logistic regression predictive models. These predictive models can arm EPPs with tools
to help them identify preservice teachers in need of scaffolding and remediation for content knowledge
and will help the preservice teachers maintain and or achieve acceptable levels of academic success.
Given this goal, this study set out to answer the following research question:

Do any of the following explanatory variables: final grade in BIOL 1082 (X1), classification
(X2), transfer status (X3), college biology (X4), college chemistry (X5), college physics (X0),
college environmental science (X7), college earth science (X8), part-time (X9), credits taking
(X10), first-generation college student (X11), relatives with degree in education (X12), and
current GPA (X13), individually or in combination predict preservice teachers’ performance on
the science portion of the practice EC-6 TExES™ examination?

Methods

This study focused on preservice teachers enrolled in the Biology for Educators class (BIOL
1082), a mandatory course for preservice elementary educators, taught at a university in the southwest
area of the United States. The participants took a Qualtrics™ sutvey to identify demographics as well
as independent variables associated with performance. The dependent variable was the post-test score
on the practice EC-6 TExES certification examination. MLR and BLR were used to develop predictive
models associated with student success on the certification examination.

Participants

This study collected data from 170 preservice teachers pursuing a Bachelor of Science in
Education with EC-6 teacher certification in the College of Education. These teachers were enrolled in
Biology for Elementary Educators (BIOL 1082), within the College of Science, over the span of three
consecutive semesters. The course BIOL 1082 can be taken at any time during the program therefore,
all four classifications of students: freshman, sophomore, junior and seniors were participants in this
study. The only science course for EC-6 TEXES certification that had a set time frame for when it can
be taken was EDEE, which was only available during the participants senior year. The preservice
teachers age ranged from 18 to 35 years old. Most participants (62.4%) were age 18-20. 28.8% were
between 21-23 years of age, 6.47% were 24-26, 1.17% were 27-30, and 1.17% were age 31-35. The
classification of the preservice teachers was a mixture of all four classification levels with 21.8%
freshman, 32.9% sophomore, 37.6% juniors and 7.64% seniors. Approximately 90% of the participants
were full-time students. Half of the preservice teachers were transfer students. The participants of this
study were predominantly female (97%) which is typically the case seen with the decline of male
preservice teachers in early childhood education (Stroud et al., 20006), and is consistent with the general
gender distribution for the EC-6 major at this University. The survey was used to identify science
coursework completed during high school. The survey showed that 97% took biology, 93.5% took
chemistry, 88.2% took physics, 20% took environmental science, and 8.2% took earth science. The
participants were also asked if they took biology, chemistry, physics, environmental science, and earth
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science at college to which they responded: 28.8% took biology, 8.2% took chemistry, 30.6% took
physics, 51.2% took environmental science, and 38.8% took earth science. Approximately 65.3% of the
participants had a relative who had obtained a degree in education. Only 113 out of 170 (66.5%) of
preservice teachers reported their overall GPA of which 5.3% had GPAs of 2.0-2.5, 14.2% had GPAs
of 2.51-3.0, 37.3% had GPAs of 3.01-3.5, and 43.4% had GPAs of 3.15-4.0. Approximately 58.1% of
preservice teachers reported being first-generation college students. Of the participants, 168 out of 170
(98.8%) preservice teachers completed BIOL 1082 of which 159 out of 170 (93.5%) passed BIOL 1082
with a Grade “C” or better.

Data Collection

Preceding the start of the study, authorization to conduct this research was asked for from the
Institutional Review Board (IRB). Preservice teachers who volunteered to participate in the study were
required to sign the IRB (Code No. 17-206) consent form before participating. Quantitative and
qualitative data was collected from 170 preservice teachers. An online survey (Biology for Educators)
was used to collect ex post facto qualitative and quantitative information from preservice teachers which
included demographics such as age, classification, previous science courses taken, first generation, part-
time or fulltime student status, number of credits already taken, transfer vs non-transfer, and relatives
with degrees in education.

A practice test on the science core of the EC-6 TExES™ certification examination was prepared
and issued by the TEXES™ Advising Office (TAO). The practice EC-6 TEXES™ exam was given
during the second week of the semester during a class period of BIOL 1082 and labeled pretest. The
practice exam is a secured examination developed for the state certification agency and consisted of 45
multiple choice questions asked over the 18 competencies that preservice teachers need to be proficient
inover Domain IV of the EC-TEXES certification exam. Preservice teachers documented their answers
on scantrons, which were evaluated and assessed by the TAO, and their coded responses were returned
to the researcher. The coded responses included the 18 competencies and the total number of questions
asked over every competency and the number of questions each preservice teacher got correct over that
competency and can be seen in Table X. The practice test was given again to the students as a post-test
the second to last week of that same semester.

The BIOL 1082 course specifically addressed competencies: C1, C2, C4, C10, C11, C12, C13,
and C14 which are the competencies for biology for educators. The preservice teacher degree program
does not require a chemistry course and competencies C8 cover topics associated with a chemistry
course although they may be taught during a physics course as well (e.g., waves, periodic table). The
PHYS 1210 course addressed competencies: C7, C8, and C9 in the subject area of physics. The BIOL
1132 course addressed competencies: C14, and C17 in the subject area of environmental science. The
GEOG 1710 course addressed competencies: C15, C16, C17, and C18 in the subject area earth science.
The EDEE 4330 course addressed competencies: C3, C5 and C6 and covers the scope and sequence
of science education from early childhood to 6" grade. For the practice EC-6 TExES certification exam
the number of questions asked over each of the 18 competencies are summarized in Table 1.
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Table 1

Number of Questions asked over each Competency of Domain IV EC-6 TExES' Certification Examination

Competencies (C) 1-18 Number of questions out of 45 questions asked
C1
C2
C3
C4
C5
Co
C7
C8
C9
C10
C11
C12
C13
C14
C15
C16
C17
C18

DN LW LW WDN P VLW LW WDNWDNDN LW

Description of Independent Variables and Prediction Models

The regression models used a total of 13 factors, or independent variables, to develop four multiple
regression models and four binomial logistic models. For ease of representation, the independent
variable will be referred to as follows: grade in BIOL 1082 (X1), classification (X2), transfer (X3), college
biology (X4), college chemistry (X5), college physics (X06), college environmental science (X7), college
earth science (X8), part-time (X9), credits taking (X10), first-generation (X11), relative with degree in
education (X12), and current GPA (X13). The models used the independent variables or factors in the
following combinations:

o Full Model: X7, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11, X12, X713
e Academics Model: X7, X70, X713
e Uncontrolled Factors Model: X2, X3, X9, X171, X12

e TForward Regression: all the independent variables were included in the initial stage of
building the model.

Statistical Analyses of Study

The analyses that this study employed included two different statistical approaches. The multiple
linear regression and the binomial logistic regression are described below.

Multiple linear regression (MLR) is a type of analysis performed to investigate the extent to
which independent variables explain the variance of a dependent variable. The analysis yielded a
coefficient of determination (R’) which explains how well the predictor or independent variables explain
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the variance in the dependent variable (Courville & Thompson, 2001; Schneider et al., 2010). The closer
the value of R’ is to 1 the stronger the ability of the regression model to explain the variance in the
dependent variable (Huang and Fang, 2013).

Binomial logistic regression (BLR) is a type of predictive modeling analysis that can be used to
assess the association between a dependent variable and two or more independent variables (Kuha &
Mills, 2017). The assessment of the fitness of the logistic model occurs at two levels. The first assessment
of the Full model is via the chi-square likelihood ratio test where the null model with no predictors is
compared with the full model including all predictors. The second assessment is via the Hosmer &
Lemeshow (2000) goodness-of-fit test. The entire model fit is assessed by Nagelkerke’s R?, considered
a pseudo R square, and is an explanation of the amount of variation in the dependent variable and the
ability of the model to correctly classify preservice teachers group membership of the dependent variable
(Smith & McKenna, 2013). The null hypothesis of the model is that Bs is equal to “0” and the alternative
hypothesis is that at least one {3 is not equal to “0” (Chao-Ying et al., 2002). The difference between the
MILR and the BLR models is that with the BLR model, the dependent variable must be dichotomous
ot binary such as pass or fail.

While logistic BLR model offers a precise cutoff of preservice teachers’ ability to pass or fail the
science core of the practice EC-6 certification examination, MLR reveals the direct contribution of each
of the independent variables and offers the ability to make an approximation of the actual score earned
(Kuha & Mills, 2017).

Data Treatment

For multiple linear regression analyses, the dependent variable, which was the post-test score
preservice teachers made on the practice exam, was represented as a continuous variable with a range
from 1-100. For binomial logistic regression analyses the scores that preservice teachers obtained on
their practice exam were converted from the continuous variable score of = 80 as “pass” which was
coded to “1”, and < 80% as “fail” and coded to “0” for the dichotomous result. Some of the data from
the survey were converted from “yes” and “no” into dichotomous values “1” and “0” all which are
summarized in Table 2.

Each of the independent variables were individually used in a simple linear regression analysis
with the dependent variable (the practice exam score), so that one could use a single variable which was
statistically significant at p < 0.05 to predict the performance of preservice teachers who may not have
data for all 13 independent variables.
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Table 2

Summary of 1 ariable Coding used in the Study

Variables Description Variables Description
X1 Categorical: Pass "1" and Fail "0" X7 Dichotomous
X2 Categorical 0=Did not take college environmental science
1=Freshman 1= Took college environmental science
2=Sophomore X8 Dichotomous
3=Junior 0=Did not take college earth science
4=Senior 1= Took college earth science
X3 Dichotomous X9 Dichotomous
0= Did not transfer 0= not part time
1= Transferred 1=Part-time
X4 Dichotomous X10 Continuous variable ranges from "0" to "24"
or above
0=Did not take college biology X11 Dichotomous
1= Took college biology 0= Not first-generation college student
X5 Dichotomous 1=First-generation college student
0= Did not take college chemistry X12 Dichotomous
1=Took college chemistry 0=No relative with degree in education
X6 Dichotomous 1=relative with degree in education
0=Did not take college physics X13 Continuous variable ranges from 2.0 to 4.0

1=took college physics

Data Analysis

Both descriptive and inferential statistics were used to assess the data in terms of the numbers
and percentages of preservice teachers who: passed the pretest, failed the pretest, passed both the pretest
and post-test, and the differences in percentage between the pretest and the post-test. To answer the
research question using multiple linear regression analyses, the effects of all 13 independent variables
(X1-X13) on the ability of preservice teachers to pass the practice EC-6 TEXES certification exam
(dependent variable) were analyzed. This was repeated for a three-predictors model (Academics (X1,
X10, and X13), a five predictors model (Uncontrolled Factors (X2, X3, X9, X11, X12) and a forward
linear regression model.

To answer the research question using the binomial regression analyses, a 13-predictors logistic
regression model (Full) was fitted to the data to examine the study’s hypothesis of the likelihood that a
preservice teacher will pass the practice EC-6 TEXES certification exam based on the predictors. This
was repeated for a three-predictors model (Academics), a five predictors model (Uncontrolled Factors)
and a forward logistic regression model. The data was screened to verify that assumptions have been
met.

Results

The impact of the BIOL 1082 course and its effect on the improvement in proficiency on each
of the EC-6 TEXES Domain IV 18 competencies was conducted by calculating the difference between
performance of preservice teachers on pretest and post-test of the practice exam. The 18 competencies
were categorized based on what was or will be covered in each of the prerequisite science courses that
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preservice teachers needed to take prior to taking the official EC-6 TEXES examination. Though some
of the Domain IV EC-6 TEXES competencies were not designated to be covered in the BIOL 1082
course, the gains of all 18 competencies were calculated for the competencies covered in physics,
environmental science, earth science, and scientific methods. The distribution and performance on each
of the competencies is shown in Table 3. The pre/post-test included 45 questions (Table 1). As shown
in Table 3, the increase in performance average (points) for biology was 5.82 points. In descending
order, the performance average increase for environmental science was 5.70 points (5 questions);
followed by Earth science (2.75; 11 questions), physics (2.64; 8 questions), chemistry (1.28; 5 questions)
and science methods (1.5; 17 questions) (See Table 1 for # of questions/competency).

Table 3

Gains in Competencies 1-18 of Domain 1V of EC-6 TEXES' Practice Exanm

Competencies Domain  Course at  Subject matter Pretest Posttest Change in points
IV Science EC-6 university covered average average

TEXES

C1, C2, C4,C10,C11,  BIOL 1082 Biology 71.29  77.11 +5.82

C12, C13, C14

C8,C9 Chemistry 75.58  76.86 +1.28

C7,C8,C9 PHYS 1210 Physics 66.16  68.80 +2.64

Cl14, C17 BIOL 1132 Environmental ~ 74.88  80.58 +5.70

Science
C15,C16,C17,C18  GEOG 1710  Earth Science 63.68  606.43 +2.75
C3, C5,C6 EDEE 4330 Science Methods  86.46  88.04 +1.58

Descriptive Statistics

Generally, the study showed an improvement in performance on the post-test in comparison to
the pretest (Table 4). Independent variables BIOL 1082 (X1), transfer (X3), part-time (X9), first-
generation (X11), and relative with degree in education (X12) each had 42 out of 170 preservice teachers
who passed the pretest, and 67 out of 170 who passed the post-test. The variable that explained the
most variance in the model to predict performance on the practice EC-6 TEXES exam was X1 (grade
in BIOL 1082). Preservice teachers who failed BIOL 1082 experienced no success on either the pretest
or post-test of the practice EC-6 TEXES exam.

The overall post-test passing rate was approximately 40%. Freshmen, sophomore, and junior
preservice teachers had pass rates between 23% and 34%. Seniors, on the other hand, experienced zero
success on the pretest and about 15% success on the post-test. Preservice teachers who were non-
transfer students had a 12% higher passing rate in the pretest and 16% higher on the post-test compared
to transfer students. Full-time preservice teachers outperformed those who were part-time, students
who were not first-generation college students outperformed first generation college students, and
preservice teachers who had family members with degrees in education outperformed those who did
not.

Compared to preservice teachers taking 15 or fewer credits, preservice teachers taking 16-22
credits had less success in the pretest but then were within the range of performance percentage between
40-49% on the post-test. 55.1% of preservice teachers who had a GPA between 3.51-4.0 passed the
post-test. Surprisingly, those with GPAs between 2.0-2.5 followed this with a pass rate of 50%.



Table 4

Descriptive Statistics of 1 ariables

PREDICTING PRESERVICE TEACHERS PERFORMANCE

# of Passed o Passed 0 0 Difference
Variables Categoties participants  pretest posttest / Passed both / Pre/post (%o)
_ Passed BIOL 1082 159 42 26.40 67 42.10 36 22.60 15.70
Gr?gg 2‘“(}]?11)0 L Failed BIOL 1082 9 0 0 0 0 0 0 0
Total 168 42 25 67 40 36 21.40 14.70
Freshman 37 9 24.30 15 40.50 9 24.30 16.20
Sophomore 56 18 33.90 25 44.60 14 25 10.70
Classification (X2) Junior 64 15 23.40 25 39.10 13 20.30 15.70
Senior 13 0 0 2 15.40 0 0 15.40
Total 170 42 25.30 67 39.40 36 21.20 14.10
Transfer 86 16 18.60 27 31.40 13 15.10 12.80
Transfer (X3) Non-transfer 84 26 30.90 40 47.60 23 27.40 16.70
Total 170 42 24.70 67 39.40 36 21.20 14.70
Biology 49 10 20.40 13 26.50 6 12.20 6.10
, Chemistry 14 3 21.40 2 14.30 1 7.10 7.10
College Science .
Courses (X4.X8) Physics 52 10 19.20 17 32.70 7 13.50 13.50
Environmental Science 87 16 18.40 33 37.90 14 16.10 19.50
Farth Science 66 16 24.20 29 43.90 15 22.70 19.70
Part-time 16 2 12.50 4 25 1 6.25 12.50
Part-time (X9) Full-time 154 40 25.90 63 40.90 35 22.70 15
Total 170 42 24.70 67 39.40 36 21.20 14.70
3to07 6 0 0 1 16.70 0 0 16.70
. ‘ 8to 12 35 11 31.40 17 48.60 8 22.90 17.20
Cfedltsf(;aklng 1310 15 76 22 28.94 34 44.70 20 26.30 15.80
(10 16 to 22 25 4 16 10 40 4 16 24
Total 142 37 26 62 43.70 32 22.50 17.70
. . Yes 70 12 17.10 21 30 10 14.30 12.90
F“St'(g}‘;ﬁ)mmn No 100 30 30 46 46 26 26 16
Total 170 42 24.70 67 39.40 36 21.20 14.70
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Table 4 (Continned)

Nu(r)nfber Passed v Passed v Passed both % Difference
Variables Categories students  PTEISt postrest Pre/post (%0)
. Relative 59 18 30.50 30 50.80 16 27.10 20.30
Relative with )
degree in No relative 111 24 21.60 37 33.30 20 18 11.70
Education (X12) Total 170 42 24.70 67 39.40 36 21.20 14.70
2.0-2.5 6 3 50 3 50 3 50 0
2.51-3.0 16 1 6.25 7 43.70 0 0 37.50
Curg(nl%?PA 3.01-3.5 42 19 9 21.4 5 11.90 2.40
3.51-4.0 49 18 36.70 27 55.10 17 34.70 18.40
Total 113 30 26.50 46 40.70 25 22.10 14.20
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Multiple Linear Regression Univariate Analyses

Studies have suggested that in a multiple linear regression there should be at least 10
observations per independent variable (Sperandei, 2014). Shown in Table 5 are independent variables
X1-X13 used in univariate or simple linear regression analyses with the dependent variable. As shown
in Table 5, X1, X2, X3, X4, X10, and X13 were statistically significant at p< 0.05. The coefficient of
determination (R?), which is the proportion of variance in the practice test score that was explained by
the independent variable, are explained in terms of: BIOL 1082 (X1), which explains 16.3% of the
variance in the practice exam score, followed by current GPA (X13), then number of credits taking
(X10), and transfer status (X3), which each individually explained approximately 5% of the variance in
the dependent variable. College biology (X4) follows at approximately 3.1% and then classification (X2)
at 2.4%. Independent variables college chemistry (X5), college physics (X06), college environmental.
Science (X7), college earth science (X8), part-time (X9), first-generation (X11), and relative with degree
in education (X12) each explains <2% of the variance in the dependent variable. Though most studies
suggest pursuing variables with a p-value of 0.05 or less, Hosmer and Lemeshow (2000) recommend
that a p-value of 0.25 or less can be pursued to avoid the loss of variables that may be valuable to the
research, or variables that when combined with another variable may present compelling evidence of
effect on dependent variable. Variables X5, X6, X7, and X12, which had levels of significance above
0.25, were kept in the Full model since previous studies have suggested that prior knowledge in subject
areas as well as having a relative with similar experience may influence performance on student
achievement and thus on the practice EC-6 TEXES examination (Kim & Corcoran, 2018).

Table 5

Output of each of the Independent 1 ariables Individually Regressed with the Dependent 1 ariable Performance on Practice
Exam

Standard Coefficient

Variable R R? Adjusted R squared Sig. B Beta
X1 0.404 0.163 0.158 0* 0.471 0.404
X2 0.154 0.024 0.018 0.045* -1.71 -0.154
X3 0.219 0.050 0.042 0.004* -4.352 -0.219
X4 0.176 0.031 0.026 0.022* -3.860 -0.176
X5 0.093 0.009 0.003 0.228 -3.361 -0.093
X6 0.080 0.006 0.001 0.302 -1.716 -0.080
X7 0.072 0.005 -0.001 0.354 -1.383 -0.072
X8 0.130 0.017 0.011 0.091 2.647 0.130
X9 0.120 0.014 0.008 0.120 -4.075 -0.120
X10 0.224 0.050 0.043 0.007* 0.741 0.224
X11 0.107 0.011 0.006 0.165 -2.159 -0.107
X12 0.083 0.007 0.001 0.286 1.718 0.083
X13 0.236 0.056 0.047 0.012* 4.630 0.236

*Indicates statistically significant at p < 0.05
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Table 6

Model Summary of the Multiple I inear Regression Prediction Models

R? P Bo B:X1 B:X2 B:X3 B:X4 B:X5 B:X6  BxX7 BxX8  BxX9  BxX10 BxX11 BxX12  BxX13
Name of Multiple
Linear Regression
Models (MLR)
Full MLR 0.323  0.000% 24426 0.548 -1.743  -0.795  -1.530  -4.683 0224 2726  1.637  3.626 0.807  -0.990  2.609  -1.013
Academics MLR 0.286  0.000%  17.877  0.486 0.726 2.013
Uncontrolled MLR ~ 0.039  0.042*  78.629 -0.258  -4.025 -1.916
Forward MLR 1 0.274  0.000*  21.504  0.647
Forward MLR 2 0.313  0.000*  18.332  0.562 0.747

*Indicates statistically significant at p < 0.05
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Multiple Linear Regression Model Summary

A multiple linear regression model was fitted to the data to evaluate the relationship between
preservice teachers score on the practice exam and all 13 of the independent variables in the Full model
summarized in Table 6. The model was statistically significant (F (13,93) = 4.451, p< 0.05) with an
adjusted R’ value of 0.323 interpreted as 32.3% of the variance in the practice exam score can be
explained by the model.

The model summary for the Academics model included the variables BIOL 1082 (X1), number
of credits taking (X10), and current GPA (X13). The model was found to be statistically significant (F
(3, 94) = 13.977, p< 0.05), with an adjusted R’ of 0.286 which is interpreted as 28.6% of the variance in
practice exam score can be explained by the Academics Model as shown in Table 6.

The Uncontrolled Factors model included the variables classification (X2), transfer status (X3),
part time (X9), first generation (X11), and relative with a degree in education (X12). The model was
found to be statistically significant F (5, 161) = 2.365, p< 0.05), with an R’ of 0.039, which is translated
as 3.9% of the variance in the practice exam is explained by the Uncontrolled Factors Model as shown
in Table 6.

In Forward linear regression Model 1 was statistically significant (FF (1, 93) = 36.421, p< 0.05
with an R’ value of 0.274 which explains that 27.4% of the variance in practice exam score can be
explained by be explained by BIOL 1082 (X1). In Model 2, (F (1, 92) = 6.283, p< 0.05 with an R’ value
of 0.313 which explains that 31.3% of the variance in practice exam score can be explained by be
explained by BIOL 1082 (X1) and number of credits taking (X10) as shown in Table 6.

Multiple Linear Regression Coefficients Summary

Coefficients that describe the relationship between the independent variable and the dependent
variable provide information about the amount of increase or decrease in a practice exam score that can
be predicted by a single unit increase in the independent variable. The coefficients of each of the four
multiple regression models are summarized in Table 6.

In the Full MLLR model (Table 6), the independent variable, BIOL 1082(X1), was shown to be
statistically significant at p<0.05. The coefficient for X1 is 0.548 which is interpreted as for every unit
increase in a student’s Biology grade in the BIOL 1082 course, a 0.548-unit increase is predicted in the
practice exam score, holding constant all the other independent variables. In this model, a preservice
teacher is anticipated to have an increased chance of passing the practice examination if they passed
BIOL 1082; a decreased chance of passing based on their seniority in classification (X2) as they progress
from freshman to senior; a decreased chance of passing the practice exam if they are a transfer student
(X3); a decreased chance of passing the practice exam if they took a college biology or chemistry course
(X4 and X5); an increased chance of passing if they have taken college physics, environmental science,
or earth science (X6, X7, and X8); an increased chance of passing for preservice teachers who identified
as part-time (X9) and if they are have a relative with a degree in education (X12); an increased chance
of passing the practice certification exam as the number of credits they are taking, (X10) increase in
quantity; and a decreased chance of passing if they are first-generation college students (X11), and for
every unit increase in current GPA (X13).

In the Academics MLR model (Table 6), both BIOL 1082 (X1), and number of credits taking
(X10) were statistically significant at p<0.05. In this model, the coefficient for BIOL 1082 (X1), 0.486
is interpreted as for every unit increase in BIOL 1082 (X1), the predicted score on the practice exam is
expected to increase by 0.486 points. For both number of credits taking (X10) and current GPA (X13)
for every unit increase in these two variables, the predicted score on the practice exam is predicted to
increase by 0.726 points and by 2.013 points respectively.
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In the Uncontrolled Factors MLLR model (Table 6), independent variable transfer status (X3)
was statistically significant at »<<0.05. For independent variables classification (X2), part-time (X9), and
first-generation (X11), a decrease is predicted in the practice exam score for these variables. For transfer
status (X3) , the practice exam score is predicted to be 4.0253 points lower for preservice teachers who
transferred compared to those who are not transfer students. For relative with degree in education
(X12) the practice exam score is predicted to be 1.345 points higher for preservice teachers who have
a relative with a degree in education compared to those who did not.

Finally, for the forward MLR model (Table 6), independent variable BIOL 1082 (X1) was placed
into the model first and it was statistically significant at p<0.05. The second independent variable that
was pulled into the forward regression model was number of credits taking (X10). Both were statistically
significant and an increase in the practice exam score was predicted for these two variables.

The Full multiple linear regression model, the Academics multiple linear regression model and
the Forward linear regression model yielded values of R’ which explained between 28%-32 % of the
variance in the dependent variable. The variables BIOL 1082 (X1), transfer (X3), number of credits
taking (X10) and current GPA (X13) were the only variables that maintained statistical significance at
$<0.05 in one or more of the multiple linear regression models. The Uncontrolled Factors multiple
linear regression model did not yield a model that can explain a high enough variance in the dependent
variable at just 3.9%. However, the null hypothesis was rejected in knowledge that some of the
independent variables do show evidence of impacting preservice teachers score on the practice EC-6
examination.

Binomial Logistic Regression Univariate Analyses Summary

In Table 7, the dependent variable was independently regressed upon each of the independent
variable in a univariate logistic regression analysis of which Bio Grade (X1), Transfer (X3), Bio Course
(X4), Chem Course (X5), First-generation (X11), Relative with degree in Education (X12), and Current
GPA (X13) were statistically significant at p <0.05 Hosmer and Lemeshow (2000) recommended that
independent variables that are not statistically significant may be kept in a prediction model due to the
impact they may have on the dependent variable and may experience increased significance or decreased
significance when in conjunction with other independent variables. While some of the other variables
did not qualify for Hosmer and Lemeshow’s (2000) argument of keeping variables whose p-value was
< (.25, the independent variables college environmental science (X7), college earth science (X8), and
number of credits aking (X10) were kept due to supporting evidence from other studies that these
variables do influence student performance on examinations (Kim & Corcoran, 2018).

Binomial Logistic Regression Variables in the Equation

The column for Y intercept “B” is the coefficient of the equation and describes the relationship
between the independent variable and the dependent variable which informs about the amount of
increase or decrease in log odds for passing the practice exam that can be predicted by a single unit
increase in the independent variable. The results are summarized for the four different logistic models
and presented in Table 8.

In the Full Logistic Model, shown in Table 8, ¥* of 33.265 (13, N= 97, p < .05) only the
independent variables grade in BIOL 1082 (X1) and Relative with degree in Education (X12) were
shown to be statistically significant at p < 0.05. In this model, the log of the odds that a preservice
teacher passes the practice EC-6 TEXES certification exam was positively related to their grade in BIOL
1082. The coefficient is 0.096 and the ODDS ratio is 1.101 which is interpreted as for every unit increase
in BIOL 1082 (X1), the logit or the odds of passing the practice exam increases by 0.096-unit and that
exponentially for ODDS ratio translates to the odds of passing the practice exam increasing by 1.101
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(Table 7). Classification (X2), transfer status (X3), college biology or college chemistry (X4 and X5),
part-time status (X9), first-generation status (X11), and current GPA (X13), each with an ODDS ratio
<1, are associated with decreased odds of passing the practice EC-6 TExES certification exam for every
unit increase in that variable. The variables College physics (X0), college environmental science (X7), or
college earth science (X8), , and Relative with degree in Education (X12) each with a positive $ and an
ODDS ratio >1, are associated with increased odds of passing the practice EC-6 TEXES certification
exam for every unit increase in that variable.

Table 7

Independent V ariable Individually Regressed with the Dependent V ariable in Binomial 1.ogistic Regression

Independent Variable Chi-square df (1) p-value

X1 (exam score) 12.418 0*

X2 (classification) 1.46 0.227
X3 (transfer status) 4.707 0.03*
X4 (college biology course) 4.95 0.026*
X5 (college chemistry course) 4.597 0.032*
X6 (college physics course) 1.437 0.231
X7 (environmental science course) 0.164 0.686
X8 (Earth science course) 0.923 0.337
X9 (employed part-time 1.624 0.203
X10 (# of credits taken) 0.593 0.441
X11 (15t generation student) 4.479 0.034*
X12 (relative in education) 4.717 0.03*
X13 (GPA) 4.297 0.038*

Note. ¥Indicates statistically significant at p < 0.05

Per the Academics Logistic Regression Model, as shown in Table 8, x> of 12.834 (3, N= 97,
»<.05) only grade in BIOL 1082 (X1) is statistically significant at p<0.05. For X1, the coefficientis 0.067
and the ODDS ratio is 1.069, which is interpreted as for every unit increase in X1, the logit or the odds
of passing the practice exam increases by 0.067-unit and that exponentially for ODDS ratio translate
the odds of passing the practice exam increased by 1.069. For independent variables credits taking (X10)
and current GPA (X13) though not statistically significant in the model, both are associated with an
increase in the odds of passing the practice EC-6 TExXES certification exam.

For the Uncontrolled Factors Logistic Model, as shown in Table 8, ¥* of 13.119 (5, N= 169,
p<.05) transfer status (X3) was statistically significant at p<0.05. Independent variables classification
(X2), transfer (X3), part-time (X9), and first-generation (X11) are each associated with a decrease in the
ODDS chance of passing the practice exam with an odds ratio <1. For the independent variable relative
with degree in education (X12), the odds of passing the practice exam increases by 0.597 unit and
exponentially for the ODDS ratio the odds of passing the practice exam is 1.816 times more likely for
a preservice teacher who has a relative with a degree in education compared to those who do not.

In the forward logistic regression model, as shown in Table 8, grade in BIOL 1082 (X1) was
pulled into the model first yielding the results summary y”of 11.042 (1, N= 97, p<.05) with the odds of
passing the practice exam increasing by 0.093-unit and exponentially for ODDS ratio this translates to
the odds of passing the practice exam increasing by 1.098. In step 2 of the model, relative with a degree
in education (X12) was pulled in addition to BIOL 1082 X1. Both X1 and X12 were statistically
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significant and their positive 3 coefficient and odds ratio values <1 were associated with an increased
likelihood and ODDs of preservice teachers passing the science portion of the practice EC-6 TEXES
certification examination which can be seen in Table 8.

Table 8

Coefficient of Variables in the Equation and Goodness of Fit for Logistic Models

Binomial 95% C.Lfor
Logistic EXP(B)
Rel\g/[rs(siif) & Predictors B SEB W;lzd's daf eiigi)d * Lower Upper
Constant -9.674 3998 585 1  0.016* NA
X1 exam score 0.096  0.039 5983 1 0.014 1.101 1.019 1.19
X2 classification -0.263 0369  0.506 1 0.477 0.769 0.373 1.585
X3 transfer status -0271 0727 0138 1 0.71 0.763 0.183 3.174
X4 college bio coutse -0.687 0.75 0.841 1 0.359 0.503 0.116 2.185
X5 college chem course  -21.112 14907 0 1 0.999 0 0 0
X6 college phyics course ~ 0.565  0.623  0.822 1 0.365 1.759 0.519 5.962
Full Logistic X7 college env sci course  0.558 0.584 0914 1 0.339 1.748 0.556 5.493
Rel\gfs:liilon X8 college Earth sci 0.207  0.553 0.14 1 0.708 1.23 0.416 3.633
X9 work part-time -0.047 1176 0.002 1 0.968 0.954  0.095 9.56
X10 # credits 0.099 0.12 0.679 1 0.41 1.104  0.873 1.397
X11 1+t generation -0.224 0549  0.166 1 0.684 0.8 0.272 2.347
X12 relative in edu 1.56 0.6 6.75 1 0.009%  4.759 1.467 15.438
X13 GPA -0.071 0578 0.015 1 0.902 0.932 0.3 2.893
Overall model evaluatior x? af P
oot s 5 oz
Constant -9.264 2872 10407 1 0.001 0
X1 exam score 0.067  0.033 4222 1 0.04* 1.069 1.003 1.14
Afg;;?cic X10 # credits 0.092 0082 1261 1 0262 1.097 0934  1.88
Regression  X13 GPA 0.544 0478 1295 1 0.255 1.724  0.675 4.403
Model Overall model evaluatior x2 af P
Hommer & Lemeshov 21558 0006
Constant -0.223 0494  0.204 1 0.651
X2 classification 0.119 0234 0259 1 0.611 1.127 0.712 1.784
Uncontrolled X3 transfer status -0.88 0.43 4.188 1 0.041%* 0.415 0.178 0.963
Factots X9 work part-time -0.346  0.643  0.289 1 0.591 0.708 0.201 2.496
Logistic  X11 1%t generation 0591 037 2553 1 0.1 0.554 0268  1.143
Reﬁsgself " X12 relative in edu 0597 0362 2711 1 01 1816 0893  3.69%
Opverall model evaluatior x2 daf P
Goodness-of-fit test 10.79 3 0214

Hosmer & Lemeshow
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Table 8(Continued)
Binomial 95% C.Lfor EXP(B)
Logistic
Regtession . Wald's ef(odds
Model Predictors B SEB P 4 p fatio) Lower  Upper
Step 1 X1 exam scotre 0.093  0.031 9.009 1 0.003* 1.098 1.07- 1.26¢
Constant -8.274  2.681 9.525 1 0.002 0
Step 2 X1 exam score 0.098  0.031 9.88 1 0.002% 1.103 1.07¢ 1.27¢
X12 relative in edu 1343  0.488  7.587 1 0.006* 3.83 1.32¢ 13.44¢
Constant -9.167  2.728 11.29 1 0.001 0
Step 3 X1 exam score 0.11 0.033 11 1 0.001* 1.116 1.09- 1.31¢
Forward X5 college chem course  -21.589 14533 0 1 0.999 0 0.00(
Logistic  X12 relative in edu 1.555 0.526 8.721 1 0.003* 4.733 1.68¢ 23.75¢
Regression Constant -10.094 2.896 1215 1 0 0
Model
Overall model 5 J
evaluation X 7 ?
Step 1 Goodness-of-fit test 6654 8 0574

Hosmer & Lemeshow

Step 2 Goodness-of-fit test 6578 8 0583

Hosmer & Lemeshow

Step 3 Goodness-of-fit test 439 8 082

Hosmer & Lemeshow

*Indicates statistically significant at p < 0.05.
Binomial Logistic Regression Prediction Accuracy

In Table 9, the classification table of the model with all 13 variables (Full Logistic Model) has
an overall prediction accuracy of 75.26%. In the “failed” practice test row, a total of 56 (45 +11) were
observed as failures. However, the model correctly predicted 45 out of the 56 (80.4%) of those to be
failures and incorrectly predicted 11 out of 56 (19.6%) as passes. In the “passed” practice test row out
of the 41 observed to have passed, the model incorrectly predicted 13 out of 41 (31.7%) as failures and
28 out of 41 (68.3%) as passes.

The Academics Logistic Model in Table 9 had an overall prediction accuracy of 66.3%. In the
“failed” practice test row, a total of 57 (45 +12) were observed as failures. However, the model correctly
predicted 45 out of the 57 (78.9%) of those to be failures and incorrectly predicted 12 out of 56 (21.1%)
as passes. In the “passed” practice test row out of the 41 observed to have passed, the model incorrectly
predicted 21 out of 41 (51.2%) as failures and 20 out of 41 (48.8%) as passes.

The prediction accuracy for the Uncontrolled Factors Logistic Model in Table 9 was 62.3% for
correctly predicting 83.3% of preservice teachers who failed the practice test and 30.8% accuracy for
correctly predicting preservice teachers who passed the practice test.

Forward logistic regression prediction accuracy in Table 9: Model 1 had a prediction accuracy
of 65.9%, Model 2 had an overall prediction accuracy of 70.1% and the overall prediction accuracy for
Model 3 was 72%. Model 1, 2, and 3 all had a prediction accuracy for preservice teachers who failed the
practice at 79%. The prediction accuracy for preservice teachers who passed the practice test for all
three forward logistic models were: Model 1 (49%), Model 2 (59%), and Model 3 (63%). The probability
of correctly predicting the correct group membership increases (sensitivity) as the probability of
predicting the incorrect group membership decreases (specificity).



142 THOMPSON ET AL.

Table 9

Classification Table of the Prediction Accuracy for Logistic Regression Models

Logistic Observed Predicted % Correct
Regression Failed Passed
Model practice test practice tes:
Failed practice test 45 11 (45/56) 80.40%
Full Passed practice test 13 28 (28/41) 68.30%
Overall % cotrect (73/97) 75.26%
Failed practice test 45 12 (45/57) 78.9%
Academics Passed practice test 21 20 (20/41) 48.8%
Overall % correct (65/98) 66.3%
Failed practice test 85 17 (85/102) 83.3%
Uncontrolled Passed practice test 47 21 (21/68) 30.8%
Factors
Overall % correct (106/170) 62.3%
Step 1 Failed practice test 44 12 (44/56) 78.6%
Passed practice test 21 20 (20/41) 48.7%
Overall Percentage (64/97) 65.9%
Step 2 Forw aFd Failed practice test 44 12 (44/56) 78.5%
RLOgISt?C Passed practice test 17 24 (24/41) 58.5%
egression
Model Overall Percentage (68/97) 70.1%
Step 3 Failed practice test 44 12 (44/56) 78.5%
Passed practice test 15 26 (26/41) 63.4%

Overall Percentage (70/97) 72.2%

Discussion

In some longitudinal and standalone studies conducted to gauge students' success, thete is
supporting evidence suggesting that academic readiness and success on examinations can be predicted
by GPA, full-time status, high self-efficacy, coaching, and other environmental factors (Frizzell, 2014;
Gard, 2011; Kazempour & Sadler, 2015; Kim & Corcoran, 2018). While most of these studies focused
on factors that may impact the probability of passing a course and others focused on passing a
standardized test, most of these studies clumped different subject matters together, neglecting the fact
that there are some factors that affect performance that may be unique to specific subject matters (Bains,
2011; Warren 2017).

The Every Student Succeeds Act (ESSA) brought changes to the scoring and number attempts that
preservice teacher have when taking their state certification examination as well as it increased the
standards for Educator Preparation Programs (EPPs) (Every Student Succeeds Act, 2015). EPPs while
tasked with preparing preservice teachers for their state certification examination, are also faced with
maintaining their accreditation status at 85% pass rate in one academic year (Rickenbrode et al. 2018;
Warren, 2017). In Texas, preparation for the Texas Examinations of Educator Standards (TExES)
certification examination by (Early Childhood to Six) EC-6 preservice teachers include limited attempts
at passing their state certification examination at only five attempts as well as more stringent scoring
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whereby they are now faced with earning an 80% on each of the five subject matter which means
proficiency of each subject matter is mandatory (TEA, 2016). Prior to ESSA 2015, EC-6 TExES
preservice teachers were able to mask their inadequacies of a specific subject matter because the scores
of each of the five core subjects were combined into one score and if that score was at or above 80%,
it was considered a pass (TExES™ program preparation manual, 2018; Warren, 2017). It is now crucial
that EC-6 TEXES preservice teachers obtain mastery in each of the five subject matters of: English
Language Arts Reading, the Science of Teaching Reading, Mathematics, Social Studies, Science, and
Fine Arts, Health, and Physical Education (TExES™ program preparation manual, 2018).

Bains (2011) investigated preservice teachers' pass rate of individual subject matters of EC-6
Generalist examination, but the study did not examine factors that can impact actual scores. Gard (2011)
examined the prediction of performance on the individual subject areas, such as preservice teachers’
performance on TExES 8-12 history, which is a standalone certification subject matter and does not
have other variables which may impact performance based on different subject matters. Fang and Wang
(2013) investigated the best statistical tools to predict performance at the best performance accuracy,
but the focus was on how well an engineering course performance can be predicted using different
models. Warren (2017) investigated predictive factors that can influence teacher candidates in EPPs,
but this study focused on competing factors that can impact preservice teachers before they even start
the EPP program. Another study focused on comparing performance on the content examination vs
the pedagogy part for eatly childhood preservice teachers (Capraro et al., 2005). Other studies focused
on preservice teachers' perceptions and self-efficacy (Kim & Corcoran, 2018). Another study (Corcoran
and O’ Flaherty, 2018) focused on factors that can predict preservice teachers' effectiveness in classroom
teaching and thus was not focused on factors impacting the actual exam. These studies either explored
performance on the entire certification examination, or on other pre-requisite factors, and thus far, no
single study has narrowed down their investigation into the performance on distinct subject matters
within a single certification examination. Creating predictive model(s) based on potential independent
variables or factors that can predict EC-6 TEXES preservice teachers' performance on the individual
subject matter of science within the content portion of the certification examination was the focus of
this study and serves to fill the gap in the literature which can inform EPPs teachers and preservice
teachers alike in every early childhood to six grade certification programs everywhere.

Several studies investigating factors that can influence preservice teachers' success on
certification examinations highlighted factors such as age, gender, ethnicity, workload, GPA, familial
influence, and performance in their tertiary education program that were significant influencers on their
performance on the overall examination (Bain, 2011; Gard, 2011; Huang & Fang, 2013; Warren, 2017).
However, most of these studies were focused on holistic examination performance where more than
one subject area was combined. Based on different attitudes, perceptions, confidence of proficiency that
preservice teachers have on different subject matters this study explored some of the prior factors as
well common ex post facto factors that preservice teachers listed which may impact their performance
on the science portion of the EC-6 TEXES certification examination.

A mixture of descriptive statistics, multiple linear regression, and binomial logistic regression
were used in this study to investigate the impacts, if any, that the independent variables had on the
practice exam success (Huang & Fang, 2013; Warren, 2017). Researchers preferring multiple linear
regression have argued that while binomial logistic regression may successfully predict an individual’s
ability to pass or fail, a pass may be within boundary of a failure and that person may still be in jeopardy
of failing the examination (Huang & Fang, 2013). The employment of both multiple linear regression
and binomial logistic regression result in the added benefit that while a binary logistic regression
predictive model can help predict a preservice teacher’s likelihood of passing or failing the examination
due to discrete values associated with either a “pass” or “fail”, a multiple linear regression prediction
model can offer a more precise score for preservice teachers on a scale from 0 to 100 (Huang & Fang
2013; Khajuria, 2007).
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Using MLR to build predictive models has been a strategy used to gauge success in many
academic settings. Use of the coefficient of determination (R along with statistical significance have
been used as rapid analytic tools for exploring whether predictive variable(s) have impact on the
performance outcome of learners (Karamazova et al., 2017; Yang et al., 2018). Each of the MLLR models
was statistically significant at p = 0.05 as shown in Table 10. The Full model explained 32.3% of the
variance in the practice exam score. The Academics model explained 28.6% of the variance in the
practice exam score. The Uncontrolled Factors model explained only 3.9% of the variance in the
practice exam score. The forward regression model explained 31.3% of the variance in the practice exam
score. The predictor variable which was most often found in all models to be statistically significant was
Grade in Biol 1082 (X1).

Table 10

Multiple Iinear Regression Models Comparison

Model R’ Adjusted R®  p-value

Full Model (All 13 variables) 0.417 0.323 0.000*
Academic Model 0.308 0.286 0.000*
Uncontrolled Factors Model 0.068 0.039 0.042%*
Forward Regression Model 0.327 0.313 0.014*

*Indicates statistically significant at p < 0.05.

The prediction accuracy of each of the binomial logistic model is summarized in Table 11.
Remarkably, the models provided better prediction for the likelihood of failure rather than the
likelihood for success on the practice exam. Given that the pass rate on the pretest was 42 out of 170
(24.7%) and the pass rate on the post-test was 67 out of 170 (39.4%), then there may be an advantage
of the model predicting failure so that the preservice teachers predicted to fail can be identified and
recommended for remediation prior to their official EC-6 TEXES examination (Shipe etal., 2019). Each
model was able to predict preservice teachers at risk of failing with an accuracy of at least 79%. The full
model was the best at predicting who was likely to fail at 80.40%, pass at 68.3% and overall, at 75.30%.
The Uncontrolled factors model was the most accurate at predicting failure at 83.3% and simultaneously
the least accurate at predicting success at 30.8%. The forward logistic model correctly identified 79% of
the preservice teachers expected to fail and 59% expected to pass. The overall prediction accuracy of
the models also suggests that the Full logistic model provided the best overall predictor model (75.30%).
All four logistic regression model were statistically significant at p < 0.05 which rejects the null
hypothesis that states that the independent variables will not have any effect on preservice teachers’
performance (Huang & Fang 2013).
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Table 11

Binomial 1 ogistic Regression Models Comparison

Correctly identified for Correctly identified for  Overall %

Prediction Model failing practice test (At- . .

tisk)) passing practice test Correct
Full Model 80.4% 68.3% 7530
(all 13 variables) (45 out of 56) (28 out of 41) '
Academics 78.9% 48.8% 66.30
Logistic Model (45 out of 57) (20 out of 41) '
Uncontrolled Factor: 83.3% 30.8% 62.30
Logistic Model (85 out of 102) (21 out of 68) '
Forward Regression 79% 59% 70
Logistic Model (44 out of 56) (24 out of 41)

Based on the findings of the study, the full predictive models for the MLR model explained
the largest variance in the dependent variable at 32.3% and for the BLR model correctly predicted an
overall 75.26% of preservice teachers’ successes and failures on the practice exam. However, the full
model consists of 13 independent variables, and it may not always be possible to collect more than
ten data points for each preservice teacher to successfully use the full model. For this reason, other
models may better serve the purpose to predict success on the certification examination. In this study,
the simplest model that was most significant in predicting performance on the practice exam was the
grade in BIOL 1082 (X1). This model may easily be used for an EPP to evaluate and predict a whole
class of preservice teachers' ability to succeed on the science domain IV EC-6 TEXES certification
exam (Huang & Fang, 2013) Both forward MLR and BLR predictive models also included X1 as the
first independent variable in the model. The Academics MLR and BLR model included grade in BIOL
1082 (X1), credits taking (X10), and current GPA (X13) and may also be useful in predicting
performance in being the next best model with the smallest subset of independent variables.
Uncontrolled Factors MLR and BLR models were not very good at predicting success, instead
however the variable transfer (X3) within the model was a good predictor variable that could be used
to identify individuals with transfer status as those which may be in the greatest need of remediation
and intervention to help them prepare for their official EC-6 TEXES certification examination.

The research findings gave rise to some important conclusions: (1) The best predictor of
performance on the practice EC-6 TEXES certification examination was the grade earned in BIOL
1082, Biology for Elementary Educators. (2) The independent variables transfer status (X3), Credits
Taking (X10), and Current GPA (X13) individually also predicted performance and maintained
statistical significance (3) The prediction accuracy for predicting passing the practice examination was
between 30%-50% and predicting failure was at and above 78%. In both the MLR and the BLR
predictive models, which included all 13 independent variables, explained the most variation and had
the highest prediction accuracy in terms of performance on the practice examination. In the case of
this study, it was important to predict which EC-6 TEXES preservice teachers were in danger of failing
to stage interventions prior to their official certification examination at this university. However, we
posit that these same tools can be used by other EPPs to predict their own student’s preparedness for
certification success.

Other EPPs could use the individual predictor model (X1) to predict performance of preservice
teachers at the end of a semester when students have taken any science for educators’ course.
Additionally, a single preservice teacher’s performance can be predicted using the Full MLR model and
the Full BLR models because both MLR model explained the largest variation in the dependent variable
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and the BLR model yielded the largest prediction accuracy (Huang & Fang 2013). If the EPP does not
have data for all 13 variables, the academics model can still predict performance with only three
independent variables, grade in Science for Educators course (X1), credits taking (X10), and current
GPA (X13). This model is the next best predictor of performance on the practice EC-6 TEXES
certification examination with the least number of variables.

Conclusions

Pursuing any type of degree or certification in tertiary education can be met with some type of
financial pressure (Feuer et al., 2013). Additionally, in repeatedly failing their certification examination,
preservice teachers can decrease the likelihood of starting a teaching career in a reasonable amount of
time and may also result in the diminishing of confidences and the lessening of self-efficacy (Masters,
2018). Prediction of preservice teachers’ performance on their certification examinations have been
explored by other researchers (Hutson, 2018; Warren, 2017). However, no other study thus far looked
at predicting the performance by preservice teachers on the science portion of their official EC-6
TEXES certification examination. And most importantly, no other study has created predictive models
for determining preservice teacher’s success on the science portion of their EC-6 TEXES certification
exam.

In this study, variables that can possibly influence preservice teachers’ performance on the
science core of their EC-6 TEXES certification examination were examined. Voluntary participants of
this study were preservice teachers enrolled in BIOL 1082, is a mandatory science course EC-6
preservice teacher need to take in preparation for their official EC-6 TEXES exam. This course covered
almost half of the competencies preservice teachers need to be proficient in to successfully pass the
official EC-6 TExXES certification examination (TExES™ program preparation manual, 2019). The
BIOL 1082 course included “clicker” questions over all the 18 competencies of Domain IV EC-6
TEXES certification exam which were woven within each lesson taught to preservice teachers.
Numerous hands-on lessons along with “think-pair-share” activities among others allowed for
numerous opportunities for preservice teachers to learn concepts as well as conduct deep discussions
on key topics. The practice exam was issued in the beginning of the semester of BIOL 1082 (pretest)
and at the end of the semester (post-test). The Qualtrics™ survey was done online. The independent
variables in this study were part of the survey which collected ex post facto, qualitative, and quantitative
data from preservice teachers and the post-test score on the practice exam was the dependent variable
of the study.

The creation of predictive models was conducted by use of multiple linear regression (MLR)
and binomial logistic regression (BLR). The R’ statistical significance and regtression coefficient of each
independent variable within each model were examined for the MLR models. For the BLR models the
Nagelkerke R the statistical significance, the odds ratio and the classification with prediction accuracy
were examined. The results from the descriptive, MLR and BLR models analyses suggests that the Grade
in BIOL 1082 (X1) is the most useful independent variable in predicting preservice teachers’
performance on the science core of the practice EC-6 TEXES certification examination.

The Academics model, which included the variables: grade in BIOL 1082 (X1), credits taking
(X10), and current GPA (X13) for both the MLR and BLR predictive models were statistically
significant and generally number of credits taking (X10), and current GPA (X13) trended toward an
effect and toward increased chances of passing the practice exam. The only variable with statistical
significance in the Uncontrolled Factors MLLR and BLR models was transfer (X3) and revealed that
transfer students’ regression coefficient of -4.025 translated to the practice exam score prediction of
4.025 points lower for preservice teachers who transferred compared to those who had not. EPPs with
information such as this may seek to offer more scaffolding and remediation to the preservice teachers
that transfer into their program.
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GPA, which in some studies have been shown to be a reliable predictor of students’
performance, in that the GPA the range of 3.51 to 4.0 had the highest percentage pass at 55%. However,
this trend did not continue in succession for the other GPA ranges. This correlation between GPA and
success on practice exam could be strengthened if EPPs continue to maintain and improve the rigor of
their curriculum to match the rigor of the TEXES exam. Fine tuning of these efforts can be attained by
collaboration between EPPs and TEXES department to align curriculum tightly with expectations on
the exit examination.

Though some of the predictors were not statistically significant within the model, their effect
on the practice exam score were noticeable and, in some instances, had a small effect. Independent
variable part-time (X9), revealed that these preservice teachers were less successful compared to those
who were not. First-generation (X11) preservice teachers were less successful than their counter parts.
The preservice teachers with a relative in education were more successful than those without. Preservice
teachers who took college environmental science or college earth science classes (X7 and X8) generally
trended with increased score or performance on the practice exam. For preservice teachers who took
college physics (X0), while there was no direct increase in performance this variable seemed to act like
a suppressor variable whose role is to indirectly impact the practice exam performance. Classification
(X2) did not reveal sizeable differences between freshman, sophomores, and juniors’ performance on
the practice exam. However, preservice teachers classified as seniors who are most likely on the cusp of
taking their official EC-6 TEXES exam had the lowest performance on the practice exam with 0%
passing the pretest and 15.40% of them passing the post-test. As such, the performance for seniors is
crucial and should be prioritized. Having taken a college biology or chemistry class (X4 and X5) were
associated with decreased performance on the practice exam which was also surprising but
unfortunately what was missing from the survey questions and what was not revealed was where the
preservice teachers took those courses and whether they had passed them.

Practice examinations have been shown to increase confidence and reduce anxiety of test takers
(Bandura, 1997; Gard, 2011; Sullivan et al., 1996). EPPs could use practice examinations as a form of
assessment which can provide insight as to preservice teachers’ readiness for their certification
examination as well as make available early interventions where needed. This practice certification
examination may be used by EPPs in all their mandatory courses to find out what gains, if any, are made
by preservice teachers and may help canvas the unremitting visibility of students’ readiness as they
progressively move closer to taking their official examination. This can create transparency that is
advantageous to both EPPs and preservice students as they map and document their preparedness for
the official TEXES exam.

The objective of the predictive models is to allow for well-timed content interventions, when
required, by the identification of preservice teachers who may be in danger of failing the certification
examination. Such knowledge allows preservice teachers the chance to receive backing and scaffolding
of content in practices that increase teacher content knowledge. Both types of regression predictive
models suggest EPPs can predict preservice teachers who may be at risk of failing their certification
exam. The binomial logistic regression offers the “big picture” of the probability of a preservice teacher
passing or failing the exam, and multiple linear regression will give a predicted score that reveals
borderline students.

Predictive modeling is and has been commonly used in a variety of pursuits, including retail,
healthcare, entertainment, manufacturing, cybersecurity, human resources, sports, politics, and weather
for 20 plus years, but is far less commonly used in education. In fact, in education, the most common
uses deal with student retention indicators (Al Sheeb, et al. 2019; Bird, et al., 2021; Hung, et al., 2019;
Smith, et al., 2012). However, as this study shows, predictive modeling can play an invaluable role in
teacher education preparation as well. As many other industries have realized, predictive modeling is a
means by which one can tentatively see into the future to determine a potential outcome, and by which
to make decisions about resource management. This study demonstrates that predictive modeling is just
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as effective in the field of teacher education and can serve to provide important information that can
be used to aid our perspective student teachers on their journey to their future career.

Limitations

The data used in this study was obtained from the survey which was self-reported. Some factors
that may affect preservice teachers’ performance on the certification exam may not have been used in
this study. Factors such as the use of psychological, emotional, and other abstract variables that may be
difficult to quantify may play a crucial role in preservice teachers' ability to pass the practice examination
and these variables were not included in the study (Huang & Fang, 2013). Factors such as technology,
the amount of time spent on social media, learning methods, self-motivation, and intrinsic reward
system, along with some recent factors that might have not yet been studied for their effects on students’
performance. Additionally, the time frame between completion of BIOL 1082 and taking the official
EC-6 TEXES certification examination will not be the same for each student as the course BIOL 1082
can be taken at any time during the preservice teachers’ enrollment in the EPP and memory decay varies
from student to student.

Future Research and Suggestions

The findings of this study have valuable suggestions that may help EPPs to successfully identify
preservice teachers who may need timely interventions before taking their official state certification
examination. Previous studies explored possible factors that may influence students’ performance on
an examination however, there are limited studies that have been conducted on the performance of
preservice teachers (Warren, 2017). In addition, the use of predictive modeling could be used with other
mandatory science courses needed to complete the EPPs curriculum to make this study more
generalized.

The mandatory science courses can be taken at any time during preservice teachers’ tenure in
the teacher preparation program (ITPP). It is suggested that perhaps the order in which the courses are
taken be rearranged to allow the courses that address the most competencies on the science portion of
the official EC-6 exam, be taken closer towards the end of their program. A practice exam can be used
to assess testing readiness.
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Ruthanne Thompson (Ruthanne.thompson@unt.edu) conducts research in three areas: pre-
service science teacher education, science teacher retention, and undergraduate STEM retention. Dr.
Thompson has 30+ publications including book chapters, textbooks, and research reports; is a
University Distinguished Teaching Professor, and she and her lab have received two prestigious
awards and over $15M in grant funding to support pre-service teacher education and STEM retention.

Naudin Alexis (naudinalexis@my.unt.edu) is a data analyst with Frisco ISD in Assessment and
Accountability. She received a bachelor's degree in biology from Midwestern State University, a
master's degree in biochemistry and molecular biology from the University of North Texas, and a
Ph.D. in environmental science with focus in science education from the University of North Texas.
Her research interests include scientific research in education and comparison of accountability
standards between Education Preparation Programs (EPPs) and academic accountability for public
school districts.



PREDICTING PRESERVICE TEACHERS PERFORMANCE 149

Pamela Esprivalo Harrell (pam.harrell@unt.edu) is a science educator whose research agenda
demonstrates a continued focus on teacher quality. While at UNT, she worked with colleagues to
launch one of the first three online teacher certification programs in the US that continues to enroll
and graduate a high number of mastet's students. She received 32 grants totaling over $10M and served
as Pl or CoP1I for over $8M of grant funding. She created The Simply Outrageous Science Professional
Development Program that served over 400 middle school science teachers, increasing their
pedagogical knowledge and raising student achievement in high-need schools.

References

Alismail, H. A. (2016). Multicultural education: Teachers’ perceptions and preparation. Journal of
Education and Practice, 7(11), 139-146.

Acharya, B. R. (2017). Factors affecting difficulties in learning mathematics by mathematics learners
international. Journal of Elementary Education, 6(2), 8-15.

Al Sheeb, B., Abdella, G.M., Hamouda, A.M., & Abdulwahed, M.S. (2019). Predictive modeling of
first-year student performance in engineering education using sequential penalization-based
regression. Journal of Statistics and Management Systems, 22(1), 31-50.

Bains, L. (2011). An Analysis OF TEXES Sores: Evaluating Teacher Preparation at one Institution in
the State of Texas. Unpublished doctoral dissertation, University of Houston, Houston, TX.

Bandura, A. (1997). Self-¢fficacy: The exercise of control. New York, NY: W. H. Freeman and
Company.

Banks, T., Jackson, D., & Harper, B. (2014). Responding to the call to prepare highly effective
teacher candidates in the United States: The curriculum redesign effort in advancing teacher
education. Higher Education Studies, 4(2), 9-18.

Binns, I. C., Casto, A. R., Polly, D., & Bickmore, S. T. (2020). Examining pre-service teachers’
integration of science and literacy through trade books. Electronic Journal for Research in Science
and Mathematics Education, 24(2), 7-21.

Bird, K.A., Castelman, B.L., Mabel, Z., & Song, Y. (2021). Bringing Transparence to Predictive
Analytics: A systematic Comparison of Predictive Modeling Methods in Higher Education.
AERA Open, 7.

Boyd, D., Goldhaber, D., Lankford, H., & Wyckoff, J. (2007). The effect of certification and
preparation on teacher quality. The Future of Children, 17(1), 45-68.

Capraro, R. M., Capraro, M. M., Parker, D., Kulm, G., & Raulerson, T. (2005) The Mathematics
Content Knowledge Role in Developing Preservice Teachers' Pedagogical Content
Knowledge. Journal of Research in Childhood Education, 20(2), 102-118.

Chao-Ying, J. P., & Tak-Shing H. S. (2002). Logistic regression analysis and reporting: A primer.
Understanding Statistics, 1(1), 31-70.

Collister, B. & Ellis, J. (2015). Central Texas teachers often struggle becoming certified. KXAN

Investigates. http://kxan.com/investigative-story/central-texas-teachers-often-

strugglebecoming-certified.
Cook, P. R. (2018). An Exploration of Educational Trends (17°2): A Symposium in Belize, Central America,

110-115

Corcoran, R. P., & O’Flaherty, J. (2018). Factors that predict pre-service teachers’ teaching
performance. Journal of Education for Teaching, 44(2), 175-193

Df‘Amico, M.M., & Dika, S.L. (2013). Using data known at the time of admission to predict first-
generation college student success. Journal of College Student Retention: Research, Theory & Practice,
15(2), 173-192.

Datrling-Hammond, L., Bae, S., Cook-Harvey, C.M., Lam, L., Mercer, C., Podolsky, A., & Stosich, E.
L. (2016). Pathways to New Accountability Through Every Student Succeeds Act Learning


http://kxan.com/investigative-story/central-texas-teachers-often-strugglebecoming-certified
http://kxan.com/investigative-story/central-texas-teachers-often-strugglebecoming-certified

150 THOMPSON ET AL.

Policy Institute. Retrieved from https://learningpolicyinstitute.org/sites/default/files/product-
files/Pathways New-Accountability Through Every Student Succeeds Act 04202016.pdf

Datling-Hammond, L. (2019). A license to teach: Building a profession for 21" century schools. Routledge.

DeFreitas, S. C. & Rinn, A. (2013). Academic achievement in first generation college students:
The role of academic self-concept. Journal of the Scholarship of Teaching and 1 earning,

13(1), 57-67.

Donovan, C. B., Ashdown, J. E., & Mungai, A. M. (2014). A new approach to educator preparation
evaluation: Evidence for continuous improvement? Journal of Curriculum and Instruction, 8(1),
86-100.

Douglass, J., & Thomson, G. (2012). Poor and rich: Student economic stratification and academic
performance in a public research university system. Higher Education Quarterly, 66(1), 65-89.

Every Student Succeeds Act, 20 U.S.C. § 6301 (2015). https://www.congress.gov/bill/114th-
congress/senate-bill/1177

Feuer, M. J., Floden, R. E., Chudowsky, N., & Ahn, J. (2013). Evaluation of Teacher Preparation
Programs: Purposes, Methods, and Policy Options. National Academy of Education. 500
Fifth Street NW Suite 339, Washington, DC 20001.

Frizzell, M., & Moffett, N.L. (2014). The Identification of Variables and Factors Related to
Preservice Teacher Candidates’ Passing a State Teacher Certification Examination at an
HBCU.

Gard, D. R. (2011). Teacher Certification Exams: Predicting Failure on the TExES History (8-12) Content
Excam (A Nonparametric Approach using Classification Trees). Unpublished doctoral dissertation,
Texas Tech University, Texas.

Graunke, S.S., & Woosley, S.A. (2005). An exploration of the factors that affect the academic
success of college sophomores. College Student Journal, 39(2), 367-377.

Hosmer, D.W. & Lemeshow, S. (2000). Applied logistic regression (2nd edition). John Wiley & Sons,
Inc., New York. doi:10.1002/0471722146

Huang, S., & Fang, N. (2013). Predicting student academic performance in an engineering dynamics
course: A comparison of four types of predictive mathematical models. Computers &
Education, 61, 133-145.

Hung, J.L.., Shelton, B.E., Yang, J., & Du, X. (2019). Improving predictive modeling for at-risk
student identification: A multistage approach. IEEE Transactions on Learning Technologies,
12(2), 148-157

Hutson, T. (2017). Preparing for EC-6 Teacher Certification in Texas: How much Science is
Enough? In P. R. Cook (Ed.), An Exploration of Educational Trends (17°2): A Symposium in Belize.
Central America (pp.111-120). United Kingdom: Cambridge Scholars Publishing.

Hyndman, R. J. and Koehler, A. B. (2006). Another look at measures of forecast accuracy.
International Journal of Forecasting, 22(4), 679-688.

Karamazova, E., Zenku, T. J., & Trifunov, Z. (2017). Analyzing and comparing the final grade in
mathematics by linear regression using Excel and SPSS. Infernational Jonrnal of Mathematics
Trends and Technology (IIMTT), 52(5), 334-344.

Kazempour, M., & Sadler, S. D. (2015). Pre-service teachers’ science beliefs, attitudes, and self-
efficacy: a multi-case study. Teaching Education, 26(3), 247-271.

Khajuria, S. (2007). A model to predict student matriculation from admissions data. Unpublished mastet’s
thesis, Russ College of Engineering and Technology, Ohio University, Ohio.

Kim, E., & Corcoran, R. P. (2018). Factors that influence pre-service teachers’ persistence. Teaching
and Teacher Education, 70, 204-214.

Krieg, J.M. (2010). Academic performance of native and transfer students.

Kuha, J., & Mills, C. (2017). On group comparisons with logistic regression models. Sociological
Methods & Research. ISSN 00491241



https://learningpolicyinstitute.org/sites/default/files/product-files/Pathways_New-Accountability_Through_Every_Student_Succeeds_Act_04202016.pdf
https://learningpolicyinstitute.org/sites/default/files/product-files/Pathways_New-Accountability_Through_Every_Student_Succeeds_Act_04202016.pdf
https://www.congress.gov/bill/114th-congress/senate-bill/1177
https://www.congress.gov/bill/114th-congress/senate-bill/1177

PREDICTING PRESERVICE TEACHERS PERFORMANCE 151

Lesley, E. L. (2016). What parents still do not know about No Child Left Behind and why it matters.
Journal of Education Policy, 31(3), 343-361.

Linn, V., & Jacobs, G. (2015). Inquiry-based field experiences: transforming eatly childhood teacher
candidates’ effectiveness. Journal of Early Childhood Teacher Education, 36(4), 272-288.

Lykourentzou, 1., I. Giannoukos, G. Mpardis, V. Nikolopoulos, & V. Loumos. (2009). Early and
dynamic student achievement prediction in e-learning courses using neural networks. Journal
of the American Society for Information Science and Technology, 60(2), 372-380.

Martinez, J.A., Sher, K.J., Krull, J.L., & Wood, P.K. (2009). Blue-collar scholars?: Mediators and
moderators of university attrition in first-generation college students. Journal of college student
development, 50(1), 87.

Masters, G. (2018). The role of evidence in teaching and learning. Auwstralian Council for Educational
Research, 4, 3-5.

Miller, S. P & Hudson, P. J. (2007). Using evidence-based practices to build mathematics
competence related to conceptual, procedural, and declarative knowledge. Learning Disabilities
Research and Practice, 22(1), 47-57.

Murphy, C., Neil, P., & Beggs, J. (2007). Primary science teacher confidence revisited: ten years on.
Edncational Research, 49(4), 415-430.

Murphy, C., & Smith. G. (2012). The impact of a curriculum course on pre-setvice primary teachers'
science content knowledge and attitudes towards teaching science. Irish Educational Studies,
31(1), 77-95.

NCES. (2017). The Condition of Education. Washington, D.C.: National Center for Educational
Statistics.

NCTQ. (2014). Teacher Prep Review. Washington, D.C.: National Council on Teacher Quality.

Peters, B. A., & Draughon, G. B. (2017). Part-Time Students and Performance-Based Funding 2.0 in
United States Public Higher Education. In H. Alphin, Jr., J. Lavine, and R. Chan (Ed.),
Disability and Equity in Higher Education Accessibility (pp. 153-176). IGI Global.
http://doi:10.4018/978-1-5225-2665-0.ch007

Pino-Pasternak, D., & Volet, S. (2018). Evolution of pre-service teachers’ attitudes towards learning
science during an introductory science unit. Infernational Journal of Science Education, 40(12),
1520-1541.

Sandholtz, J. H., & Shea, L. (2015). Examining the Extremes: High and Low Performance on a
Teaching Performance Assessment for Licensure. Teacher Education Quarterly, 42(2), 17—42.

Sasson, I. (2014). The role of informal science centers in science education: Attitudes, skills, and self-
efficacy. Journal of Technology and Science Education, 4(3), 167-180.

Senler, B. (2016). Pre-service science teachers’ self-efficacy: The role of attitude, anxiety, and locus
of control. Australian Journal of Education, 60(1), 26-41.

Shipe, M. E., Deppen, S. A,, Farjah, F., & Grogan, E. L. (2019). Developing prediction models for
clinical use using logistic regression: an overview. Journal of thoracic disease, 11(4), 574-584.
https://doi.org/10.21037/jtd.2019.01.25

Smith, T.J., & McKenna, C.M. (2013). A comparison of logistic regression pseudo R2 indices.
Multiple 1inear Regression Viewpoints, 39(2), 17-26.

Smith, V.C,, Lange, A., & Huston, D.R. (2012). Predictive modeling to forecast student outcomes
and drive effective interventions in online community college courses. Journal of asynchronons
learning networks, 16(3), 51-61.

Sperandei, S. (2014). Understanding logistic regression analysis. Biochemia Medica, 24(1), 12-18.

Stroud, J. C., Smith, L. L., Ealy, L. L., & Hurst, R. (2000). Choosing to Teach: Perceptions of Male
Preservice Teachers in Early Childhood and Elementary Education. Early Child Development
and Care, 163(1), 49-60.



http://doi:10.4018/978-1-5225-2665-0.ch007

152 THOMPSON ET AL.

Sullivan, W. G., Daghestani, S. F., & H. R. Parsaei. (1996). Multivariate analysis of student
performance in large engineering economy class. Technology-Based Re-Engineering Engineering
Education Proceedings of Frontiers in Edncation FIE'96 26th Annual Conference, 1, 180-184.

Sutcher, L., Darling-Hammond, L., & Carver-Thomas, D. (2016). A coming crisis in teaching? Teacher
supply, demand, and shortages in the U.S. Palo Alto, CA: Learning Policy Institute., 1-16.
Retrieved May 17, 2018, from
https://learningpolicyinstitute.org/sites /default/files/product-
files/A Coming Crisis in Teaching BRIEF.pdf

Swecker, H. K., Matthew, F., & Searby, L. (2013). Academic advising and first-generation college
students: A quantitative study on student retention. N.ACAD.A Journal, 33(1), 46- 53.

Texas Education Agency (TEA). (2018). Educator certification. Retrieved from
http://tea.texas.gov/Texas Educators/

Thobega, M, & Miller, G. (2008). Predicting Scores of Beginning Agricultural Education Teachers
on the Praxis II Examination. Journal of Agricultural Education, 49 (1), 99-109.

Van Aalderen-Smeets, S. I., Van der Molen., Van Hest, J. H. W., & Poortman, C. (2017). Primary
teachers conducting inquiry projects: effects on attitudes towards teaching science and
conducting inquiry. International Journal of Science Education, 39(2), 238-256.

Warren, S. (2017). The relationship between admission criteria and TEXES Generalist EC-6: An archival study
of predictors of future success in the teacher preparation program at a historical black college in Southwest
Texas. Unpublished doctoral dissertation, North Central University, Minneapolis, MN.

Yang, S. J. H., Lu, O. H. T., Huang, A. Y. Q., Huang, J. C. H., Ogata, H., & Lin, A. J. Q. (2018).
Predicting students' academic performance using multiple linear regression and principal
component analysis. Journal of Information Processing, 26, 170-176.



https://learningpolicyinstitute.org/sites/default/files/product-files/A_Coming_Crisis_in_Teaching_BRIEF.pdf
https://learningpolicyinstitute.org/sites/default/files/product-files/A_Coming_Crisis_in_Teaching_BRIEF.pdf
http://tea.texas.gov/Texas_Educators/

PREDICTING PRESERVICE TEACHERS PERFORMANCE

Biology for Educators Survey

Q1 Last name

Appendix A

Q2 First name

Q3 Student ID number

Q4 UNT Email address

Q5 Gender
O Male
O Female

O Do not wish to share

40+

Q7 What is your current classification?
Freshman

Sophomore

Junior

Senior

Post Baccalaureate

Graduate student

O 0O 0O 0O 0O 0O o

Other
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Q8 From the following choices, please select the type of high school you attended. In the box under
the type of high school, please write the name of the high school, and the school district if applicable.

O Public school

Private school

a
O Boarding school
O

Home schooled

Q9 Check the box next to all the science courses you have taken in high school. If some of the
science course/s were taken at a different high school/s, write name of school next to the name of the
science course. If applicable, indicate if the course was an honor/advanced placement course in the
box next to the science course. If the course is not listed, please check the box "other" and write the
name/s of the course/s in the box.

Biology
Chemistry

Physics

Environmental science

Aquatic science

Forensic science

Earth science

Agriculture

Marine biology

Botany

Zoology

0O 0 0O 0O 0o oo oooooao

Other

Q10 Are you a transfer student? If so, please state the college and/or university you transferred from.
continue to the following question to select the science courses you have taken at the college level
prior to attending UNT.

O Yes

O No

Q11 If you have transferred from a college and/or university, please select from the list below the
science courses you have taken there. If applicable, please write the name of college or university
where the course was taken in the box next to the course

@) Biology
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Chemistry

Physics

Environmental science

Aquatic Science

Forensic science

Earth science

Agriculture

Marine biology

Botany

0O 0O 0O 0O 0 0 o ooao

Zoology

O Other

Q12 Check the box next to all science courses that you have taken at UNT prior to taking this class.
State the name of college where the science course/s was taken next to the science course. If
applicable, indicate if the course was an honor/advanced placement course in the box next to the
science course. If the coutse is not listed, please check the box "other" and write the name/s of the
course/s in the box.

Biology

Chemistry

Physics

Environmental science

Aquatic Science

Forensic science

Earth science

Agriculture

Marine biology

Botany

0O 0 0O 0O b oo ooooao

Zoology

O Other

Q13 List the science courses that you are currently enrolled in while taking this class. If the course is
not taken at UNT, please write the name of the college next to the course. If applicable, indicate if the
course is an honors course.

O Course 1
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0O Course 2
0O Course 3
0O Course 4
O Course 5

Q14 Are you a part-time or a full-time student? List the number of credits you are currently taking
next to your choice.

O Part time

o Full time

Q15 Are you a first-generation college student? Meaning are you the first member of your family to
attend college?

Optional: If no, please state your relationship to the person who previously attended.
@) Yes
@) No

Q16 Do you have a patent and/or a close relative who obtained a degree in Education?

O Yes

@) No
Q17 Why did you decide to pursue an Education degree?

Q18 What grade level do you plan on teaching?

Q19 Have you taken this class before? If yes, what grade did you receive and what is the reason for
retaking this class?

o Yes
o} No
20 What is your current GPA?

OThis is permission to access your GPA from the Office of Institutional Research at UNT. Write
your first name and last name in box below for full consent.

@) GPA can be accessed at my.unt.edu

Q21 Check the box of the standardized tests listed below that you have taken. Write the score you
obtained (to the best of your recollection) in the space under the name of the test.

OThis is permission to access any of the below scores that ate available from the Office of
Institutional Research at UNT. Write your first name and last name in box below for full consent.
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o ACT or SAT

0O GRE

o TAKS or STAAR (science portion) or if high school is out Texas, the equivalent end  of

course exit exam

@) Other? Write the name of the test and score (optional) below.




	Fall-Cover-Layout_Web_2023.pdf
	EJRSME Call for Editors.pdf
	0.27(3) EJRSME Cover Matter.pdf
	27(3).1 Gonzalez & Rinkenberger.pdf
	27(3).2 Cory & Ray.pdf
	27(3).3 George.pdf
	27(3).4 Kumar and Brown.pdf
	27(3).5 Velasco and Hite .pdf
	Literature Review
	Method
	Results
	Stakeholders’ Conceptions of STEM
	Stakeholders’ Conceptions of STEM Clubs
	Frequency of Utterances Per Tiered Category by Stakeholder Group on Their Conception of STEM Clubs

	27(3).6 Sharma et al.pdf
	27(3).7 Thompson et al .pdf
	Methods
	This study focused on preservice teachers enrolled in the Biology for Educators class (BIOL 1082), a mandatory course for preservice elementary educators, taught at a university in the southwest area of the United States.  The participants took a Qua...
	Participants
	This study collected data from 170 preservice teachers pursuing a Bachelor of Science in Education with EC-6 teacher certification in the College of Education. These teachers were enrolled in Biology for Elementary Educators (BIOL 1082), within the Co...
	Data Collection
	Preceding the start of the study, authorization to conduct this research was asked for from the Institutional Review Board (IRB). Preservice teachers who volunteered to participate in the study were required to sign the IRB (Code No. 17-206) consent f...
	A practice test on the science core of the EC-6 TExES™ certification examination was prepared and issued by the TExES™ Advising Office (TAO). The practice EC-6 TExES™ exam was given during the second week of the semester during a class period of BIOL ...
	The BIOL 1082 course specifically addressed competencies: C1, C2, C4, C10, C11, C12, C13, and C14 which are the competencies for biology for educators. The preservice teacher degree program does not require a chemistry course and competencies C8 cover...
	Table 1
	Number of Questions asked over each Competency of Domain IV EC-6 TExES Certification Examination
	Data Treatment
	For multiple linear regression analyses, the dependent variable, which was the post-test score preservice teachers made on the practice exam, was represented as a continuous variable with a range from 1-100. For binomial logistic regression analyses t...
	Table 2
	Summary of Variable Coding used in the Study
	Data Analysis
	Results
	The impact of the BIOL 1082 course and its effect on the improvement in proficiency on each of the EC-6 TExES Domain IV 18 competencies was conducted by calculating the difference between performance of preservice teachers on pretest and post-test of...
	Table 3
	Gains in Competencies 1-18 of Domain IV of EC-6 TExES Practice Exam
	Descriptive Statistics
	Discussion
	In some longitudinal and standalone studies conducted to gauge students' success, there is supporting evidence suggesting that academic readiness and success on examinations can be predicted by GPA, full-time status, high self-efficacy, coaching, and ...
	The Every Student Succeeds Act (ESSA) brought changes to the scoring and number attempts that preservice teacher have when taking their state certification examination as well as it increased the standards for Educator Preparation Programs (EPPs) (Ev...
	Bains (2011) investigated preservice teachers' pass rate of individual subject matters of EC-6 Generalist examination, but the study did not examine factors that can impact actual scores. Gard (2011) examined the prediction of performance on the indiv...
	Several studies investigating factors that can influence preservice teachers' success on certification examinations highlighted factors such as age, gender, ethnicity, workload, GPA, familial influence, and performance in their tertiary education prog...
	A mixture of descriptive statistics, multiple linear regression, and binomial logistic regression were used in this study to investigate the impacts, if any, that the independent variables had on the practice exam success (Huang & Fang, 2013; Warren, ...
	Based on the findings of the study, the full predictive models for the MLR model explained the largest variance in the dependent variable at 32.3% and for the BLR model correctly predicted an overall 75.26% of preservice teachers’ successes and failur...
	The research findings gave rise to some important conclusions: (1) The best predictor of performance on the practice EC-6 TExES certification examination was the grade earned in BIOL 1082, Biology for Elementary Educators. (2) The independent variable...
	Other EPPs could use the individual predictor model (X1) to predict performance of preservice teachers at the end of a semester when students have taken any science for educators’ course. Additionally, a single preservice teacher’s performance can be ...
	Conclusions
	Appendix A
	Biology for Educators Survey
	Q1 Last name
	________________________________________________________________
	Q2 First name
	________________________________________________________________
	Q3 Student ID number
	________________________________________________________________
	Q4 UNT Email address
	________________________________________________________________
	Q5 Gender
	▢ Male
	▢ Female
	▢ Do not wish to share
	Q6 Age
	▢ 18-20
	▢ 21-23
	▢ 24-26
	▢ 27-30
	▢ 31-35
	▢ 36-40
	▢ 40+
	Q7 What is your current classification?
	▢ Freshman
	▢ Sophomore
	▢ Junior
	▢ Senior
	▢ Post Baccalaureate
	▢ Graduate student
	▢ Other   ________________________________________________
	Q8 From the following choices, please select the type of high school you attended.  In the box under the type of high school, please write the name of the high school, and the school district if applicable.
	▢ Public school   ________________________________________________
	▢ Private school   ________________________________________________
	▢ Boarding school   ________________________________________________
	▢ Home schooled
	Q9 Check the box next to all the science courses you have taken in high school. If some of the science course/s were taken at a different high school/s, write name of school next to the name of the science course.  If applicable, indicate if the cours...
	▢ Biology   ________________________________________________
	▢ Chemistry   ________________________________________________
	▢ Physics   ________________________________________________
	▢ Environmental science______________________________________
	▢ Aquatic science ________________________________________________
	▢ Forensic science ________________________________________________
	▢ Earth science ________________________________________________
	▢ Agriculture ________________________________________________
	▢ Marine biology ________________________________________________
	▢ Botany ________________________________________________
	▢ Zoology ________________________________________________
	▢ Other ________________________________________________
	Q10 Are you a transfer student? If so, please state the college and/or university you transferred from. continue to the following question to select the science courses you have taken at the college level prior to attending UNT.
	▢ Yes________________________________________________
	▢ No
	Q11 If you have transferred from a college and/or university, please select from the list below the science courses you have taken there. If applicable, please write the name of college or university where the course was taken in the box next to the c...
	▢ Biology ________________________________________________
	▢ Chemistry ________________________________________________
	▢ Physics ________________________________________________
	▢ Environmental science ________________________________________
	▢ Aquatic Science ________________________________________________
	▢ Forensic science________________________________________________
	▢ Earth science ________________________________________________
	▢ Agriculture ________________________________________________
	▢ Marine biology ________________________________________________
	▢ Botany ________________________________________________
	▢ Zoology ________________________________________________
	▢ Other ________________________________________________
	Q12 Check the box next to all science courses that you have taken at UNT prior to taking this class. State the name of college where the science course/s was taken next to the science course.  If applicable, indicate if the course was an honor/advance...
	▢ Biology ________________________________________________
	▢ Chemistry ________________________________________________
	▢ Physics ________________________________________________
	▢ Environmental science ________________________________________
	▢ Aquatic Science ________________________________________________
	▢ Forensic science________________________________________________
	▢ Earth science ________________________________________________
	▢ Agriculture ________________________________________________
	▢ Marine biology ________________________________________________
	▢ Botany ________________________________________________
	▢ Zoology ________________________________________________
	▢ Other ________________________________________________
	Q13 List the science courses that you are currently enrolled in while taking this class. If the course is not taken at UNT, please write the name of the college next to the course. If applicable, indicate if the course is an honors course.
	▢ Course 1 ________________________________________________
	▢ Course 2 ________________________________________________
	▢ Course 3 ________________________________________________
	▢ Course 4 ________________________________________________
	▢ Course 5 ________________________________________________
	Q14 Are you a part-time or a full-time student? List the number of credits you are currently taking next to your choice.
	▢ Part time ________________________________________________
	▢ Full time ________________________________________________
	Q15 Are you a first-generation college student? Meaning are you the first member of your family to attend college?
	Optional: If no, please state your relationship to the person who previously attended.
	▢ Yes
	▢ No ________________________________________________
	Q16 Do you have a parent and/or a close relative who obtained a degree in Education?
	▢ Yes ________________________________________________
	▢ No
	Q17 Why did you decide to pursue an Education degree?
	________________________________________________________________
	Q18 What grade level do you plan on teaching?
	________________________________________________________________
	Q19 Have you taken this class before? If yes, what grade did you receive and what is the reason for retaking this class?
	o Yes ________________________________________________
	o No
	20 What is your current GPA?
	▢This is permission to access your GPA from the Office of Institutional Research at UNT. Write your first name and last name in box below for full consent.  ________________________________________________
	▢ GPA can be accessed at my.unt.edu ________________________________________________
	Q21 Check the box of the standardized tests listed below that you have taken. Write the score you obtained (to the best of your recollection) in the space under the name of the test.
	▢This is permission to access any of the below scores that are available from the Office of Institutional Research at UNT. Write your first name and last name in box below for full consent.  ________________________________________________
	▢ ACT or SAT ________________________________________________
	▢ GRE ________________________________________________
	▢ TAKS or STAAR (science portion) or if high school is out Texas, the equivalent end     of course exit exam ________________________________________________
	▢ Other? Write the name of the test and score (optional) below. ________________________________________________




