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Abstract

This study examined the intersections of preservice elementary teachers’ (PSET) professional noticing (PN) of children’s
mathematical thinking, two mathematical knowledge for teaching (MKT) domains: mathematics content knowledge (MCK)
and mathematics pedagogical content knowledge (MPCK), and two affective domains: attitudes and dispositions toward
teaching mathematics. An instructional module focused on PN of children’s early algebraic thinking, as defined by Jacobs
et al. (J Res Math Educ 41: 169-202, 2010) to include three components: attending, interpreting, and deciding, was imple-
mented with 170 PSETs. The PSETs, who participated in the instructional module, the implementation group, showed
significant positive growth in attending, interpreting, and attitudes toward mathematics. There was no significant change in
dispositions toward teaching mathematics and a decrease was observed in PSET deciding and MKT. A comparison group of
126 PSETs enrolled in mathematics methods courses did not participate in the instructional module. PSETs in the comparison
group showed a decrease across all measures including attending, interpreting, deciding, attitudes, dispositions, and MKT.
Results showed statistically significant connections within and between some of the constructs; however, the limitations of
the study call for further investigation.

Keywords Professional noticing - Mathematical knowledge for teaching - Affect - Attitudes - Dispositions - Preservice
teachers
1 Introduction

Teacher noticing research has garnered much attention over
the past two decades (Schack et al., 2017; Sherin et al., 2011;
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noticing, MKT, and affect seems an important step toward
understanding if these constructs are interrelated and
whether they do, or do not collectively influence teachers’
instructional practices. Moreover, teacher noticing is a core
practice that is learnable (Jacobs & Spangler, 2017) that, if
additionally supported by improved MKT and/or affect, each
might synergistically influence the other.

Blomeke et al. (2015), proposed a continuum of compe-
tence suggesting teacher noticing as the link between dispo-
sitions (cognition and affect) and teacher practices. Blomeke
et al. (2015) provides the theoretical framework for the study
herein in which we examined the intersection of preservice
teachers’ (PSETs’) MKT, affect, and teacher noticing. We
explored the following research questions:

1. To what extent can the implementation of a profes-
sional noticing module influence PSETSs’ professional
noticing skills, affect toward teaching mathematics, and
mathematical knowledge for teaching, in comparison to
PSETs who did not participate in a professional noticing
module?

2. In what ways do PSET professional noticing skills relate
to their affect toward teaching mathematics, and math-
ematical knowledge for teaching?

2 Literature review

2.1 Professional noticing of children’s mathematical
thinking

Professional noticing of children’s mathematical thinking
(PN), a specific branch of teacher noticing defined by Jacobs
et al. (2010), is widely referenced in the mathematics edu-
cation community. It is important to note that Jacobs et al.
considered deciding as the internal decision, not the actual
enactment of the decision, thus their conceptualization of
professional noticing of children’s mathematical thinking
is consistent with teacher noticing in that it is an internal,
or hidden practice of teaching. Often, professional noticing
of children’s mathematical thinking is shortened to profes-
sional noticing, leading to conflation with the more general
term, teacher noticing (Sherin et al., 2011) which generally
includes only the attending and interpreting components,
and sometimes only attending (Hanna, 2012). Teacher notic-
ing is generally used as the umbrella term for the various
conceptualizations of the construct. Jacobs and Spangler
(2017) organize the varying conceptualizations found in the
research into three categories: (1) attention only, (2) interre-
lated attention and interpretation, and (3) interrelated atten-
tion, interpretation, and decisions about next steps. The third
conceptualization mirrors Jacobs et al.’s (2010) work and is
the conceptualization addressed in this current study.
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Other related, but nuanced terms for the components are
employed in the literature. For example, in their systematic
review of empirical research on teachers’ perception, inter-
pretation, and decision-making, Stahnke et al. (2016) used
both “attending” and “perception” as search terms. Santa-
gata and Yeh (2016) speak specifically to the terms percep-
tion and attending, using the two terms interchangeably. One
can infer, then, that perception is often used to describe a
skill similar to the attending component of PN.

Relevant to the definition of PN used herein, one-fourth
of the 60 empirical studies reviewed by Stahnke et al. (2016)
examined all 3 components of PN, attending (perception),
interpretation, and decision-making. One finding of the
review was that video-based interventions can support teach-
ers to develop noticing skills. Schack et al. (2013) demon-
strated that PN is a learnable skill through their study in
which PSETs improved their responses to prompts related
to attending, interpreting, and deciding over the course of
a mathematics methods course embedded with video-based
PN instruction and assessment.

Jacobs and Spangler (2017) construe teacher noticing
as a core practice of teaching that is learnable, can posi-
tively impact student learning, and supports teacher learn-
ing. Teacher noticing research mirrors noticing research in
fields beyond education, reinforcing the value of studying
this construct. Noticing is “foundational for teachers’ in-
the-moment decision making” (Jacobs & Spangler, 2017,
p. 772). Thus, conceptually, for research on understanding
teaching practices and improving teacher practice, teacher
noticing is important. In this current study, we focus on
teacher noticing as a learnable skill, and explore the inter-
relationship of PSETs’ PN with their affect and their MKT.

2.2 Affect in mathematics education

Affect, used here as a broad term including attitudes and dis-
positions, includes constructs that vary along the spectrum
from emotion to cognition (Philipp, 2007). Attitudes are
closer to emotion whereas dispositions are more cognitive
in nature (Philipp, 2007), which is why we included both in
our study. Schoenfeld (2015) points out the complexities of
understanding affect in different contexts and while assert-
ing that underlying beliefs influence practices, he empha-
sizes the importance of understanding how affect influences
decisions and actions. He also urges researchers to examine
changes in affective factors over time as he notes that, since
it takes years to develop beliefs and practices then one would
expect the same for substantive changes accompanied by
support over time. Although there are affordances and draw-
backs to various methods that examine affect in mathemat-
ics teaching, scholars agree that attitudes, dispositions, and
beliefs matter (Aguirre & Speer, 1999; Jacobson & Kilpat-
rick, 2015; Pehkonen & Toerner, 1996; Roesken et al., 2011;
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Wilkins, 2008). It is especially critical to examine methods
for developing more positive attitudes toward mathematics
among preservice elementary teachers who often have nega-
tive experiences that influence their productive disposition to
teach mathematics (Ingram et al., 2018; Pourdavood & Liu,
2017). In this study, we focus on the two affective factors of
attitudes and dispositions.

We draw on the Philipp (2007) description of affect as “a
disposition or tendency or an emotion or feeling attached to
an idea or object” (p. 259). He specifically defines attitudes
as “manners of acting, feeling, or thinking... Attitudes, like
emotions, may involve positive or negative feelings. ... Atti-
tudes are more cognitive than emotions, but less cognitive
than beliefs” (p. 259). The main distinction between attitudes
and dispositions is a feeling versus a tendency that might be
more directly linked to an action. More recently, Jacobson
and Kilpatrick (2015) described “productive disposition for
teaching mathematics™ as “mathematics teachers’ malleable
orientation toward—and concomitant beliefs, attitudes, and
emotions about—their own professional growth, the subject
of mathematics, and its teaching and learning that influences
their own and their students’ successful mathematics learn-
ing” (p. 402). Their definition includes a variety of observ-
able traits and “rejects the notion...of a singular construct”
but emphasizes the “adjective productive” (p. 403). We con-
cur that there are links and overlap among affect, beliefs,
attitudes, and dispositions. While dispositions are informed
by beliefs, we use the term dispositions because the con-
struct of interest is more about the ways in which preservice
teachers intend to teach mathematics.

2.3 Mathematical knowledge for teaching

Shulman (1986), Ball et al. (2008), and Tatto et al. (2008)
provide the foundation for thinking about the MKT explored
in this study. Shulman (1987) identified the major categories
of teacher knowledge as subject matter knowledge, pedagog-
ical content knowledge (PCK), and curricular knowledge. He
defines PCK as “the ways of representing and formulating
the subject that make it comprehensible to others” (p. 9).
PCK has remained the subject of much research over the past
three decades (Ball et al., 2008; Depaepe et al., 2013; Hill
et al., 2008) based on the premise that Shulman presented
his theory as a heuristic method for studying the types and
processes of knowledge needed by teachers.

Ball et al. (2008) assert that teaching “requires a spe-
cial kind of content knowledge [that] is worth our collective
investment and cultivation” (p. 394). Ball et al.’s work aimed
to bring greater precision to the content knowledge needed
by teachers through further clarifying Shulman’s (1987)
major categories of teacher knowledge and organizing into a
map of the domains of mathematical knowledge for teaching
(MKT). Like Shulman (1986) and Ball et al. (2008) perceive

their map of MKT as a heuristic for further research to bring
more clarity to the types of content knowledge needed by
teachers.

Numerous studies in mathematics education have pur-
sued the heuristic value of Shulman’s (1986) and Ball et al.’s
(2008) characterizations of content knowledge for teaching,
researching one or more of the subdomains identified. While
earlier studies of content knowledge for teaching often relied
on measures such as number of courses taken or degrees or
certifications acquired, more recent work has attempted to
explore teacher content knowledge through quantitative or
qualitative analysis. Hill et al. (2005) found content knowl-
edge for teaching mathematics a significant predictor of
first and third grade student gains. The work of Baumert
et al. (2010) resulted in distinguishing content knowledge
(CK) from PCK, asserting that insufficient CK cannot be
redressed with increased emphasis on PCK in teacher educa-
tion, but also, that CK alone is not as strong a predictor of
instructional effectiveness as PCK. The results of these stud-
ies support the importance of domain-specific knowledge
to instructional effectiveness. Charalambous et al. (2020),
while contending that the distinguishability of CK and PCK
has met with mixed results, still reaffirm the positive impact
of teacher knowledge on student progress.

Tatto et al.’s (2008), large-scale international study,
Teacher Education and Development Study in Mathemat-
ics (TEDS-M) developed The Knowledge for Teaching
Mathematics instrument which assessed two domains of
mathematics knowledge for teaching: mathematics content
knowledge (MCK) and mathematics pedagogical content
knowledge (MPCK) (Brese & Tatto, 2012). Selected items
from the TEDS-M instrument formed the MKT assessment
instrument of this study.

2.4 Connections: professional noticing, affect,
and mathematical knowledge for teaching

As illustrated in the sections above, each construct, PN,
affect toward mathematics, and MKT has its own rich his-
tory of research. In this study we are exploring not only
the constructs independently but also potential relationships
among the three constructs. As noted earlier in this article,
Jacobson and Kilpatrick (2015) characterize the constructs
of teacher disposition, knowledge, and practice as “necessar-
ily entangled” (p. 402). Perhaps this entanglement is exactly
what challenges researchers to both uniformly define the
constructs and to attribute the impact of any one construct
on another. Despite the challenging work, researchers have
explored the interrelationships between or among PN, affect,
and/or MKT.

Fisher et al. (2014) explored connections between PSETs’
attitudes toward mathematics and their PN. Using the Atti-
tudes Toward Mathematics Inventory (ATMI) developed by
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Fig. 1 Blomeke’s (2015) Model

of Competence as a Continuum.
Reprinted from Blomeke et al.,
(2015)

% Disposition \

Cognition

Affect-
motivation

Performab

Situation-specific skills \

Interpret-
ation

Perception ,

Observable

behavior

Decision
making

&

Tapia and Marsh (2004) and adapted for preservice teachers
by Schackow (2005) and Fisher et al. (2014) found signifi-
cant change amongst participants from pre to post assess-
ment on three of the four factors of the ATMI, including
enjoyment, self-confidence, and motivation. Statistically
significant positive changes were also observed in all three
PN components; however, there were no significant correla-
tions between ATMI factors and PN.

There is research demonstrating relationships of MKT to
PN or affect. Kersting (2008) found that in-service teach-
ers with stronger mathematical content knowledge provided
more sophisticated interpretations of teaching video clips.
LaRochelle and Mammo’s (2019) study also resulted in a
significant correlation between MKT and PN. The results of
their study, with middle and high school teachers, indicated
a significant relationship between the PN deciding compo-
nent and teachers’ MKT, specifically, specialized content
knowledge. Also investigating specialized content knowl-
edge and PN, Dick (2017) observed that, as specialized
content knowledge increased, PSETs engaged in increased
professional noticing. Ingram et al. (2018) noted, though not
through statistical analysis, similar parallel increases, in this
case, PSETs” mathematics content knowledge and PSETs’
affect toward mathematics over the course of three-year pro-
gram. Kutaka et al. (2018) found positive changes in math-
ematics specialist program participants’ MKT, attitudes, and
beliefs in relation to non-participants but, similar to Ingram
et al. (2018) did not statistically examine the connections
among the constructs.

While there is evidence that MKT, affect, and PN can
improve and some indication of relationships between
one or more of these constructs, there is little research on
the interrelationships of all three constructs. Research by
Charalambous (2015) begins to foray into this interrelated-
ness through a multiple case study examining teacher knowl-
edge, teacher beliefs, and teacher practices. The results indi-
cate that beliefs and knowledge interact, often “mediating
the effect of the other” (p. 427) on teacher practices. This

@ Springer

reflects Blomeke et al.’s (2015) proposed model of contin-
uum of teacher competence characterizing dispositions as
the interaction of affect and cognition, mediated by situ-
ated specific skills (essentially PN), resulting in observable
teacher practices.

We aim to further study the interrelatedness PSETs’ PN,
affect, and MKT during a semester in which PSETs are
focused on developing PN. The authors of this study con-
ducted earlier studies in which they examined relationships
of PN to other constructs. This study extends that work by
engaging preservice teachers in an intervention that includes
complex classroom teaching situations and examining the
interactions of PSET PN with affect, as measured by two
domains, attitudes and dispositions, of the Mathematics
Experiences and Conceptions Surveys (MECS) (Jong &
Hodges, 2015), and MKT, as measured by selected items of
the TEDS-M (Brese & Tatto, 2012).

3 Theoretical framework

As mentioned previously, Blomeke et al. (2015) proposed a
framework that incorporates the three constructs researched
in this study, suggesting they form a continuum of compe-
tence in which the situation-specific skills of perception,
interpretation, and decision-making (PN, if you will) are
the bridge between dispositional resources' (cognition and
affect/motivation) and observable behaviors such as teacher
practices (see Fig. 1). In essence, they are making a case that
PN skills may bridge dispositions such as affect and cog-
nition to teaching practices. Thus, Blomeke et al.’s (2015)
framework is of particular note for the research described

"It is important to note that Blsmeke et al. (2015) refer to dispo-
sitional resources as encompassing affect and cognition while the
MECSD (Jong & Hodges, 2015) measures dispositions as defined by
Philipp (2007).
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Table 1 Detailed sessions from E>A module

Algebraic content focus

PN focus

Setting and content of
video

Length of video (min)

Prompts for PN

Session 1  Equality; Patterns

Session 2 Patterns; functions

Attending, Interpreting

Attending, Interpreting,
Deciding

1. Review of PN with 5th 1. 0:51 1. Attend, Interpret,
grader; 2.2:54 Decide
2. Whole class 2nd 2. Salient features
grade, 6-7-year olds attended to and inter-
pret math understand-
ing
1. Whole class 2nd 1.2:05 1. Salient features
grade, 6-7 year olds 2.2:26 attended to, interpret
2. Whole class 5th grade, 3. 3:30 math understanding

9-10 year olds
3. Whole class 2nd
grade, 6-7 year olds

2. Salient features
attended to, interpret
math understanding,

Session 3 Functions Deciding

1. Whole class 5th grade, 1.7:16 (viewed for HW)
9-10 year olds 3:42

decide next steps

3. Salient features
attended to, interpret
math understanding,
decide next steps in-
the-moment at video
pauses

1. Critical incidents; stu-
dent thinking; teacher

2. Whole class 5th grade, decisions
9-10 year olds 2. Attend, Interpret,
Decide

in this study in which we examine the impact of a module
designed to develop PN skills and the relationship of PN
with affect and MKT.

Considering teacher practices as observable behavioral
competencies, we contend that examining PN, affect, and
MKT individually as well their interactions can help us
understand the “processes [PN, in this case] that mediate the
transformations of dispositions into performance” (Blomeke
et al., 2015, p. 13), furthering our knowledge of what dispo-
sitional resources are key to improving preservice teacher
competence in the classroom.

4 Methodology
4.1 Participants and context

Participants were PSETs (N =296) enrolled in mathematics
methods courses during one of five semesters at five uni-
versities (two urban, three rural) in the south-central United
States. Some universities participated for one semester, oth-
ers for multiple semesters. Not all PSETs consented to the
study and thus, their data is not reported. Treatment group
PSETs (N=170) participated in a module designed by the
researchers to develop PN in the context of early algebraic
thinking in a whole class setting.

The Examining Essential Expressions in Algebra (E°A)
module included three 60-min sessions focused on devel-
oping PN skills through the content of early algebraic rea-
soning, equality, patterns, and functions, with each ses-
sion focused on one or more of these content areas. Video
vignettes were used to prompt discussion about the three
components of PN: attending, interpreting, and deciding
to respond. The video vignettes were excerpts from whole
class instruction in elementary mathematics classrooms in
which one of the researchers taught the elementary students
or co-taught with a classroom teacher. The elementary stu-
dents were either 2nd graders (ages 6—7) or 5th graders (ages
9-10). Additional details on the E*A sessions can be found
in Table 1. Comparison group participants (N=126) com-
pleted the mathematics methods course “business as usual”
without the integration of the three E*A sessions.

4.2 Pre and post data collection

Participants completed pre and post assessments consisting
of three instruments. PN was assessed using a video-based
assessment (N=268). Regarding measurement in affective
domains, we focused on the subscales of the MECS that
measure attitudes (MECSA) and dispositions (MECSD)
toward mathematics (N=149). Additionally, PSETs
responded to selected TEDS-M items (N=196) chosen
for their relation to MCK, items representing knowing or

@ Springer
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Table 2 Sample sizes of pre and post completion across instruments

Total PN MECS TEDS-M
Treatment 170 147 116 149
Comparison 126 121 33 47
Total 296 268 149 196

applying, and MPCK, items representing enacting or plan-
ning in response to student conception, preconception or
misconception. Not all participants completed all assess-
ments, thus the varying sample sizes. The sample sizes in
Table 2 include individuals who completed pre and post
instruments.

4.2.1 Professional noticing: video-based assessment

We assessed PSET PN through a 74-s video clip of an
authentic classroom in which children are engaging in the
meaning of the equal sign in a whole group setting. The
teacher presented a number sentence, 10+ 10=__+35 asking
the children to determine what number to put in the blank
to make the number sentence true. The full class setting
requires PSETs to attend to multiple understandings as dis-
played by the various children’s responses in close temporal
proximity to each other, make sense of the responses, and
make an instructional decision based on the responses. Spe-
cifically, the first responding child answers with “twenty-
five” and then explains that he added all of the numbers
in the problem. Another child responds with “four” and
explains that if you “count by fives four times, it would be
twenty”. The video concludes with another child responding
with “fifteen” and then explaining that he counted “fifteen,
sixteen, seventeen, eighteen, nineteen, twenty”. Throughout
the video, the teacher records the children’s strategies on a
whiteboard.

After watching the video clip, the PSETs complete an
assessment with prompts aligned to the three components of
PN in the following order: (1) Pretend that you are the class-
room teacher. What might you do next? Provide a rationale.,
(2) What mathematical thinking and actions did you observe?,
and (3) What did you learn about the children’s mathemati-
cal thinking that influenced your decision in question 1?. We
intentionally prompted participants to decide first in an attempt
to capture their in-the-moment thinking more closely, then to
consider to what they attended and how they interpreted it,
leading them to the decision they made in response to the first
prompt. In a prior study (Schack et al., 2013), we asked the
deciding question last. Often PSETs included deciding features
in their response to the attending prompt, repeating their deci-
sion throughout all three prompts. Reversing the prompts was
an attempt to allow them to decide, then reflect on what led to
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that decision. PSETS could replay the video as many times as
they wished and there was no time limit for the assessment.

PSET responses were scored by research team members on
a four-point scale using decision trees programmed in JavaS-
cript for automated scoring. Briefly, the decision trees pre-
sented a response anonymously, followed by yes/no questions
regarding the existence and quality of relevant information
in the response. The responses for attending and interpreting
were scored higher if it addressed multiple children’s thinking
and not just the correct thinking of one child, and the responses
for deciding were scored higher if the response included a
clear relationship to children’s thinking and a rationale for the
decision. The JavaScript program branched to a subsequent
question based on the scorer’s response. Results were stored
in a spreadsheet that revealed the score for each component
response. Two scorers scored each response. Discrepancies
were discussed and resolved through a consensus coding pro-
cess (Harry et al., 2005) to reach 100% agreement. The spread-
sheet of decision tree data proved very helpful to pinpoint the
discrepancies (see Schack et al., 2019 for details). Sample
responses for each score are provided in Table 3.

4.2.2 Affect: mathematics experiences and conceptions
surveys (MECS)

MECS is a set of instruments consisting primarily of six-
point Likert-scale items (ranging from strongly agree to
strongly disagree) designed to measure various affective
factors related to teaching mathematics, such as attitudes,
beliefs, dispositions, and self-efficacy over time (Jong &
Hodges, 2015). A six-point Likert-scale was used to elimi-
nate a neutral category and allow for more variation in
responses. MECS uses the aforementioned Philipp (2007)
definitions of affect. We were interested in the attitudes scale
(MECSA) to examine PSETSs’ feelings toward mathemat-
ics and how positive they felt about teaching mathematics.
MECSA consists of six items, such as “Mathematics is one
of my favorite subjects.” and “I look forward to teaching
mathematics.” We were also interested in the dispositions
scale (MECSD) as a measure of PSETSs’ orientation toward
teaching mathematics in more productive ways, knowing
that such dispositions would also be informed by their under-
lying beliefs about mathematics teaching practices. MECSD
consists of ten items, such as “I plan to engage students in
mathematics discussions.” and “I plan to encourage students
to solve mathematics problems in more than one way.”

4.2.3 Mathematical knowledge for teaching: teacher
education and development study in mathematics
(TEDS-M)

The TEDS-M study, funded by the International Asso-
ciation for the Evaluation of Educational Achievement,
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Table 4 Sample TEDS-M items with accompanying follow-up questions

Content Question

Follow-up Question

Jeremy notices that when he enters 0.2 x 6 into a
calculator his answer is smaller than 6, and when he

enters 6 divided by 0.2 he gets a number greater

than 6. He is puzzled by this and asks his teacher
for a new calculator. What is Jeremy's most likely

misconception? (Score range: 0-2)

If you were Jeremy’s teacher, how would
you address his misconception? (Score
range: 0-2)

The objects on the scale make it balance exactly.

On the left pan, there is a 1 kg mass and half a

brick. On the right pan, there is one whole brick.

A0\ | /0

Please explain how you solved the
problem above. (Score range: 0-2)

In the balance scale above, what is the mass of one

whole brick? (Score range: 0-1)

examined how well preservice teachers were prepared
to teach mathematics at both the primary and secondary
levels in teacher education programs across 17 countries
(Brese & Tatto, 2012). The TEDS-M contained MKT
items under two domains, MCK and MPCK. To assess
MKT in our study, we selected from the 22 released
TEDS-M items in the primary level Number or Alge-
bra Content Domains, four items from Number and four
items from Algebra. We selected items from Number and
Algebra Content Domains because we were interested in
PSETs” MKT that was closely related to the content goals
of the module. Five of the items represented MCK and
three represented MPCK.

In addition to the eight TEDS-M released items, we
wrote or adapted three follow-up constructed response
items resulting in seven MCK and four MPCK items, a
total of 11 items. We chose a limited number of items
intentionally to keep the length of the assessments to a
reasonable time frame for PSETs. In our selection pro-
cess, we were also cognizant of the sub-domain, item
format, and the international average score on each item.
The sub-domains of the released items represented a mix
of MCK Knowing, MCK Applying, MPCK Enacting,
and MPCK Curriculum/Planning. One of the follow-up
items was in the sub-domain of MPCK enacting, while the
other two were MCK Reasoning. We opted for more con-
structed response (CR) than multiple choice (MC) items,
providing a deeper view into PSET thinking. Finally, we
included a range of difficulty levels, based on the reported
international averages, from a low of 32% (20% full credit
plus 12% partial credit) to a high of 97% (77% full credit
plus 20% partial credit) and a median of 64%.

@ Springer

Responses were scored according to the TEDS-M
scoring guide, and similar scoring guides for researcher-
designed follow-up questions, with item scores ranging
from O to 1 or 2, depending upon the problem. Two sample
TEDS-M items and the related follow-up questions are in
Table 4.

5 Data analysis

As PN video-based assessment scores are not interval level
data, Wilcoxon signed rank tests were performed to deter-
mine whether PN scores significantly changed from the pre
to the post assessment. TEDS-M, MECSA, and MECSD
scores are interval level data, thus a mixed design ANOVA
was conducted on pre and post data for these scales to
explore possible changes due to the treatment and repeated
measures aspects of the design. In the event of a significant
interaction, indicating a greater score change for the treat-
ment group than the comparison group, a paired ¢ test was
performed to provide a significance test and Cohen’s d effect
size for the score change of the treatment group.

Next, in order to determine whether variables other than
the treatment condition contributed to post-test scores, a
multiple regression model was employed for each outcome
of interest in which all measured variables at pre-test were
used as predictors. Models were tested with and without
interactions (e.g., PreAttending X Treatment), but none of the
interactions had significant regression coefficients and these
interaction models did not explain significantly more of the
variability in the outcome than the main effects models.
Therefore, only main effects models are reported. As not all
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measures were completed by all participants, missing data
were handled using full information maximum likelihood,
an approach which uses all available data and makes fewer
assumptions about the nature of missingness than listwise
or pairwise deletion techniques (Enders, 2010).

Psychometric properties (e.g. item and model fit, reli-
ability) of the MECS and TEDS-M instruments were
completed using WINSTEPS (Linacre, 2018) to inform
subsequent analyses. At both pre and post assessment,
the MECSA subscale exhibited one item with poor item
fit according to INFIT and OUTFIT (Wright & Linacre,
1994) while the MECSD subscale exhibited two items
with poor fit. Removal of these items results in a five item
MECSA measure of attitudes (reliability of 0.93 pre and
0.91 post) and an eight item MECSD measure of disposi-
tions (reliability of 0.86 pre and 0.84 post). All remaining
items showed acceptable item fit, and principal component
analysis of the Rasch residuals indicated each scale was
strongly unidimensional.

Preliminary analyses of the TEDS-M items revealed
excellent item fit according to INFIT and OUTFIT; however,
the TEDS-M measure of MKT showed poor reliability (0.65
for pre and 0.55 for post) due to the limited number of items.
This low reliability can reduce power in univariate signifi-
cance testing such as ¢ tests (Kanyongo et al., 2007), and
make the results of multivariable statistical analyses such as
multiple regression untrustworthy (Cole & Preacher, 2014).
Thus, we present findings including TEDS-M scores with a
great deal of caution.

Measurement error can create bias in multiple regres-
sion models in complex ways. While measurement error
in the outcomes (i.e., post assessment variables) of a mul-
tiple regression model attenuate the strength of effects,
measurement error in the predictors (i.e., pre assessment
variables) can change both the strength and the pattern
of results (Cole & Preacher, 2014). Due to substantial
measurement error in TEDS-M data and modest meas-
urement error in the MECSA and MECSD data, there is
risk that the results of the multiple regression analyses
were biased by that measurement error. Therefore, we
performed a sensitivity analysis in which the original
multiple regression results were compared to results in
which TEDS-M, MECSA, and MECSD variables were
modeled using a single indicator latent variable (SILV)
(Hayduk, 1987) technique for correcting for measurement
error in the TEDS-M variables. When the same models
were estimated including SILV corrections for measure-
ment error, all statistical decisions about significance
were retained. Parameter bias was slight except for the
coefficients for the TEDS-M predictor, which were all
smaller in the observed model than the SILV model. Only
the results of the more conservative observed model are
reported and interpreted.

Table 5 Descriptive statistics of professional noticing, affect, and
mathematical knowledge for teaching data

Treatment Comparison

Pre Post Pre Post

M (SD) M (SD) M (SD) M (SD)
Attending  1.03(0.98) 1.34(0.92) 0.96(1.01) 0.83(0.92)
Interpreting 0.77 (1.11)  1.22(1.11)  0.88 (1.09)  0.66 (0.94)
Deciding 1.36 (0.81) 1.34(0.88) 1.55(0.98) 1.45(0.99)
MECSA 21.85(7.55) 24.09 (6.20) 22.73 (7.05) 22.49(6.31)
MECSD 43.64 (3.95) 44.27 (3.35) 44.73(291) 43.48 (4.47)
TEDSM 9.70 (2.75) 9.45(2.13) 10.67 (2.33) 9.41 (2.05)

MECSA Mathematics Experiences and Conceptions Survey attitudes
subdomain, MECSD Mathematics Experiences and Conceptions
Survey dispositions subdomain, TEDSM items selected from the
Teacher Education Development Study in Mathematics

6 Results
6.1 Changes in results on construct measures

Table 5 reports average pre and post scores for the three
PN components, affect toward mathematics as measured
by the MECSA (attitudes) and MECSD (dispositions), and
MKT as measured by selected released TEDS-M items, of
PSETs from both the treatment group and the comparison
group, providing results related to research question 1.
The treatment group, those participating in the E*A mod-
ule, exhibited an increase in attending and interpreting
and a slight decrease in deciding, while the comparison
group exhibited decreases for all three PN components.
The treatment group showed increases from pre to post
on attitudes and dispositions, but a decrease in MKT. The
comparison group experienced a decrease in attitudes, dis-
positions, and MKT.

To determine the differences across groups and time-
points found in Table 5, tests of statistical significance
were performed. As scores for the PN components cannot
be considered interval level, non-parametric tests were
performed. Wilcoxon signed-rank tests indicated that, for
the treatment group, the positive change in attending was
significant (W=0.31, p=0.001) and positive change in
interpreting was significant (W=0.45, p <0.001), but the
negative change in deciding was not significant (W=-0.02,
p=0.701). Alternatively, the comparison group experi-
enced decreases in all three PN components, though none
were statistically significant.

As MECSA, MECSD, and MKT scores are reasonably
interval level, mixed-effect ANOVAs were performed
and are reported in Table 6 with the left half of the table
showing results of omnibus tests of interactions. All three
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Table 6 Mixed-design ANOVA
and post hoc tests

Table 7 Standardized
regression coefficients for
observed analysis

Omnibus test of interaction effect Treatment group paired ¢ test

F df p ,,/I\z Diff t Df p d
P
MECSA 11.38™ 1,146 0.001 0.072 2235 6172 114 <0.001 0.296
MECSD 6322° 1,146  0.013  0.042 0.635 1762 114 0.081 0.161
TEDSM 6.124" 1,162  0.014  0.036 0254  -1271 117 0.206 0.092

Diff. is score difference between post-score and pre-score in the treatment group. d is Cohen’s d

MECSA Mathematics Experiences and Conceptions Survey attitudes subdomain, MECSD Mathematics
Experiences and Conceptions Survey dispositions subdomain, TEDSM items selected from the Teacher
Education Development Study in Mathematics

Predictor Outcome

PN Affect MKT

PostATT PostINT PostDEC PostMECSA PostMECSD PostTEDSM

p p B p p p
Treatment 0.27%3%:* 0.29%3#:* —0.00 0.2]%3%:* 0.15 0.05
PreATT 0.27%3%:* 0.01 0.06 0.00 -0.09 0.01
PreINT 0.16%* 0.35%3%:* -0.01 0.05 -0.04 —-0.06
PreDEC —0.00 0.06 0.06 0.03 -0.07 0.01
PreMECSA -0.05 -0.04 0.15 0.86%:%* -0.01 0.11
PreMECSD -0.09 0.03 0.02 0.11* 0.46%:#* 0.03
PreTEDSM 0.15 0.06 0.24* 0.02 0.11 0.583#:
R? 0.21%3%:* 0.2]%3%:* 0.11* 0.77%%:* 0.25%3%:* 0.27%3%:*

*p <0.05. **p <0.01. *** p <0.001. The coefficient for the treatment variable only standardizes the out-
come, in order to provide a standardized difference between the treatment and comparison groups while
controlling for the other predictors. All other coefficients are completely standardized

PreATT Pre-attending, PreINT Pre-interpreting, PreDEC Pre-deciding, PostATT Post-attending,
PostINT Post-interpreting, PostDEC Post-deciding, MECSA Mathematics Experiences and Conceptions
Survey attitudes subdomain, MECSD Mathematics Experiences and Conceptions Survey dispositions sub-

domain, TEDSM items selected from the Teacher Education Development Study in Mathematics

interactions are significant, indicating that treatment
group scores for affect (attitudes and dispositions) and
MKT improved relative to comparison group scores. The
results of post-hoc paired t-tests on the treatment group
are on the right half of Table 6. Concerning affect, expo-
sure to the E>A module was associated with a significant
positive change in attitudes, and a non-significant positive
change in dispositions. MKT exhibited a non-significant
decrease following the treatment module. Note that dispo-
sitions and MKT exhibited a treatment effect according to
the ANOVA interaction term, but no significant improve-
ment in scores for the treatment group. The significance of
the treatment effect was therefore at least partially due to
statistically significant score decreases in the comparison
group. Furthermore, the low effect sizes of the treatment
effect (partial n> <0.05, d <0.2) for dispositions and MKT

@ Springer

suggest that the E°A module does not substantially influ-
ence these variables.

6.2 Uncovering connections
between or among constructs

In regard to research question 2, results of multiple regression
models for all outcome variables are presented in Table 7; each
column represents a separate multiple regression model. All
models had a significant R?. The EA module (Treatment), was
seen to be a significant positive predictor of post-attending,
post-interpreting, and post-attitudes, consistent with an ear-
lier study reporting changes in PSET results on the various
constructs (Fisher et al., 2019). The treatment, however, was
not a significant predictor of post-deciding, post-dispositions,
nor post-MKT. Within the construct of PN, pre-interpreting
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significantly predicted post-attending. Similarly, within the
construct of affect, pre-dispositions significantly predicted
post-attitudes. The only significant predictors for post-dispo-
sitions and MKT was the pre-score of the same variable.

Looking across constructs, pre-MKT significantly predicted
post-deciding, suggesting a connection between the two con-
structs of MKT and PN. There was no other significant pre-
diction of a post measurement of PN, affect, or MKT by a
different construct.

7 Discussion

In this study we explored whether participation in the E’A
module within a mathematics methods course would influ-
ence PSETs’ PN, affect toward mathematics (attitudes and
dispositions), and MKT, and examined the connections
among constructs. Like Jacobs and Spangler (2017), we
consider PN a core practice of teaching. The theoretical
framework for our study, Blomeke et al.’s (2015) contin-
uum of teacher competence, considers PN as a situation-
specific bridge that transforms one’s internally-held traits
into observable teacher practices. Pulling these two perspec-
tives of PN together, it makes sense that PN can be both a
situation-specific skill and a core teaching practice. As such,
PN is the hidden skill that enables a teacher to integrate their
latent, or not directly observable, traits, with the specifics of
the situation, say student thinking, then carry out the deci-
sion in observable teacher practices. We were interested in
PSET development and on which traits we can effect change
that will ultimately improve teacher practices.

Our results indicate that the E*A module did effect signif-
icant positive change on two PN components, attending and
interpreting, and on one aspect of affect, attitudes. The find-
ings regarding impact on PN was similar to prior research
(Schack et al., 2013; Stahnke et al., 2016) as was the impact
on attitudes (Fisher et al., 2014; Ingram et al., 2018). Fur-
ther, participants in the treatment group made significant
gains in attending and interpreting, unlike the comparison
group where decreases were found in all PN components.
This supports the argument that “noticing expertise is not
something that teachers routinely possess, but research has
consistently shown...is a learnable practice” (Jacobs & Span-
gler, 2017, p. 772). While these are promising results for the
value of the E>A module, there remain questions as to what
treatments might have a broader impact on teacher traits and
practices to further improve effective teacher development.

The interactions of PN components were also of inter-
est for this research. Graphically, Blomeke et al. (2015)
illustrate the components of situation-specific skills in a
three-way overlapping Venn diagram, inferring an interre-
lationship of these components. Our analysis of the PN com-
ponents for the treatment group showed several significant

relationships. Post-scores of attending and interpreting, but
not deciding, were significantly predicted by the pre-score of
the same component. Pre-interpreting significantly predicted
post-attending. This interpreting—attending finding within
the PN construct supports the conceptualized interrelated
nature of professional noticing components (Blomeke et al.,
2015; Jacobs & Spangler, 2017) though it could also be a
function of both items assessed through the same video-
based assessment.

We were also interested in interactions of dispositions and
attitudes. Our analysis revealed pre-dispositions significantly
predicted post-attitudes. This may indicate that a more pro-
ductive disposition toward teaching mathematics leads to an
increase in attitudes in combination with participation in the
module embedded in the methods class. This result is prom-
ising in light of Philipp’s (2007) assertion that dispositions
are more cognitive in nature than attitudes, and thus dispo-
sitions scaffold changes in attitudes. To affirm this, further
research is needed, perhaps to better define the boundaries
of these constructs (Sherin, 2017) supporting the forward
movement of our understanding of teacher traits.

Given Blomeke et al.’s (2015) proposed continuum, one
would expect to find a relationship between dispositional
resources and situation-specific skills, that ultimately impact
teacher practices. The only significant prediction between
or among the constructs studied was found in pre-MKT to
post-deciding. Both pre to post MKT and deciding resulted
in lower scores and it might be the case that the regres-
sion analysis picked up on these similar slopes. The sig-
nificance, though, may indicate a connection between MKT
and the deciding component of PN, similar to LaRochelle
and Mammo (2019) finding a connection between teach-
ers’ deciding and specialized content knowledge. Ours is a
tenuous claim due to the similar regression analysis slopes
of MKT and deciding and the MKT assessment reliability
issues.

Reliability of our MKT instrument was compromised by
the few numbers of items as well as the split between types
of items, that is, some items were characterized as MCK and
some as MPCK. Generally, released items present limita-
tions of scope and quality, however, Brese and Tatto (2012)
describe an intentional process when selecting the released
items that began with “a stratified random sample of the
items, stratif[ied] on both proportion correct and...MCK and
MPCK” in an effort to represent “the full range of difficulty,
content, and item format” (p. 3) thus, the limitation of these
released items appear to be less than typical. Fisher et al.
(2018) assessed preservice teachers using Learning Math-
ematics for Teaching (LMT) (Hill et al., 2004) but results
were limited due to the participants being PSETs rather than
inservice teachers for whom the test was designed. Such
instrument limitations underscore the repeated call for an
instrument that is more reliable in assessing MKT, and its

@ Springer
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subdomains, of preservice teachers. With the recent change
in options to access the full range of TEDS-M items (G.
Kaiser, personal communication, May 31, 2020), further
research on connections of PN, affect, MCK, and MPCK
might employ a more robust set of items for both MCK and
MPCK.

Measuring PN is challenging because of its hidden nature
and its conceptualization as three interrelated components.
We approached the measurement of PN as a decomposi-
tion of the three components (i.e., individual prompts for
attending, interpreting, deciding) (Grossman et al., 2009).
In authentic practice, the enactment of the components of
PN is thought to be near instantaneous (Jacobs et al., 2010)
to the extent that it is difficult to establish any temporal axis
regarding these components (Castro Superfine et al., 2017).
Further, the extent to which the component skills are nested
within one another complicates measurement schemes which
treat each component skill as somewhat discrete. Neverthe-
less, the measurement approach of this study may be con-
sidered an approximation of practice (Grossman et al., 2009)
and is consistent with other studies of this construct (see,
e.g., Floro & Bostic, 2017; Jacobs et al., 2010; Krupa et al.,
2017).

The literature is replete with studies exploring the con-
structs influencing teacher practice. Mired within this
research are multiple challenges, not the least of which is
PN’s “hiddenness” (Jacobs et al., 2013, p. 723). Affect and
MKT are similarly hidden, and thus can only be measured
through inference. One strength of this study is our reliance
on both analytic measures, MECSA, MECSD, and TEDS-
M, as well as the more holistic PN assessment. As Blomeke
et al. (2015) state, “Using combinations of approaches, we
may also be able to cover the processes mediating the trans-
formation of dispositions into performance.” (p. 12) which
aligns with our goal to determine which traits we can posi-
tively effect that will lead to improved teaching performance.

The results of our study invite serious consideration of
further research directions. Further studies should revisit the
subdomains of MKT (Ball et al., 2008) to explore how the
component skills of PN relate to each of the subdomains,
using a more robust instrument. Such work might reveal cer-
tain subdomains of MKT mediate and influence the practices
of PN suggesting that PN is, in some form, a manifestation,
albeit hidden, of knowledge (Thomas et al., 2017). Another
potential outcome might be that PN and MKT operate some-
what reflexively with knowledge and noticing informing one
another. A third outcome might result in a better understand-
ing of the transformative action of PN supported by dispo-
sitional resources, both cognitive and affective, as proposed
by Blomeke et al. (2015). Any of these results could lead
to more intentional design of teacher education programs.

@ Springer
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