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We describe novel teacher education curriculum materials designed to develop secondary PSTs’
Statistical Knowledge for Teaching (SKT) along with a new test for measuring teachers’ SKT.
We report PSTs’ changes in SKT from learning with the materials in a preliminary study.
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Teachers create meaningful student learning opportunities by drawing on a variety of
knowledge domains—encompassing not only knowledge of the content to be learned but also
additional knowledge connected to the work of teaching (Hill et al., 2008; Shulman, 1986;
Thwaites et al., 2011). Assisting preservice teachers (PSTs) in developing this sort of
mathematical and statistical knowledge (termed mathematical knowledge for teaching (MKT)
and statistical knowledge for teaching (SKT)) is of particular interest to those who teach
mathematics and statistics content courses in secondary mathematics teacher preparation
programs because we know that there is an association between teachers’ MKT/SKT and high
quality instruction (Hill et al., 2007). However, there is dissonance between the preparation PSTs
are receiving in these courses and the preparation they need to develop MKT/SKT (Goulding et
al., 2003). Additionally, understanding how PSTs develop MKT/SKT and how researchers
observe and/or measure MKT/SKT is still an open question (Groth, 2017; Silverman &
Thompson, 2008; Thwaites et al., 2011). The MODULE(S?) project works in this space and has
created curricular materials that provide opportunities for secondary PSTs to develop MKT and
SKT in university algebra, geometry, modeling, and statistics courses. With regard to measures,
some tests exist for measuring MKT (e.g., Hill et al., 2007; Mohr-Schroeder et al., 2017), but
none exist for measuring secondary (grades 6-12) teachers” SKT. In this brief report, we describe
the development of a test we created to assess secondary PSTs’ SKT prior to and after learning
with MODULE(S?) materials, and report PSTs’ changes in SKT from learning with the statistics
MODULE(S?) materials in a preliminary study.

Just as mathematics and statistics are related yet distinct fields (Cobb & Moore, 1997), MKT
and SKT are related yet distinct domains of knowledge (Groth, 2007, 2013). Both MKT and
SKT include subject matter knowledge (SMK: understanding the logical necessity of aspects of
the content to be taught) and pedagogical content knowledge (PCK: understanding how to make
content understandable to students) (Groth, 2013; Hill et al., 2008; Simon, 2006). However, SKT
differs from MKT because it contains nonmathematical elements, such as assessing the
suitability of statistical questions for the context of a statistical investigation (Groth, 2007). The
MODULE(S?): Statistics for Secondary Mathematics Teaching curriculum (Casey et al., 2019)
was created to develop PSTs’ SKT regarding study design, exploratory data analysis, statistical
inference, and association, through enactment of the statistical investigation cycle. The materials
align with the content of a modern college introductory statistics course while also preparing
PSTs to address the CCSS-M (CCSSI, 2010) statistics standards in their teaching and meeting
the recommendations from professional societies (AMTE, 2017; Bargagliotti et al., 2020;
Franklin, 2015). Attention is given to developing PSTs’ critical statistical literacy (Weiland,
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2017) and abilities to implement equitable teaching practices. This is accomplished through a
sustained focus on data sets addressing inequities in educational and social contexts, asking PSTs
to wrestle with the dissonances that analyses of these data sets illuminate, and prompting PSTs to
reflect on how they might teach lessons with their future students to leverage these contexts for
learning. Opportunities for PSTs to develop their PCK are integrated throughout the materials,
including learning common conceptions of students when learning statistics, responding to
student work, constructing lessons, analyzing curriculum standards, and learning how to use
statistics to empower action for social change. The materials are organized into three modules
that could collectively be taught in a semester course.

SKT Test

We developed a 7-item SKT test along with an accompanying scoring rubric for the
MODULE(S?) project. It is designed to assess secondary teachers’ knowledge for teaching the
statistics standards in the CCSS-M (CCSSI, 2010). It is aligned with Groth’s (2013)
conceptualization of SKT, comprehensively assessing SMK and PCK. Its design drew upon
previous work to develop SKT assessment items (e.g., Casey et al., 2019; Groth, 2014). Items
assessing PCK utilized released student work from LOCUS (n.d.) to document student
conceptions of statistics. We piloted and revised the instrument and its accompanying rubric for
two years. Revisions focused on improving the clarity of the language as well as the reliability of
the scoring. Thus, we used multiple methods to work towards test content validity (AERA et al.,
2014) for the use of this SKT test for this study.

The test contains 12 selected response prompts (e.g., multiple choice) and 20 open-ended
prompts across the 7 items. The maximum number of points possible on the test is 45. Three of
the items, worth a total of 8 points, address SMK. An additional 3 items, totaling 29 points,
address PCK. Finally, a single item addresses both SMK (parts i and iii, worth 3 points each) and
PCK (part ii, worth 2 points). This item is shown in Figure 1 as a sample.

Imagine you were teaching a high school (non-AP) class and presented the following task to your students:

A simple random sample of 100 high school seniors Gender
was selected from a large school district. The gender of Job Experience Male | Female | Total
each student was recorded, and each student was asked Never had a part-time job 21 31 52
the following questions: 1. Have you ever had a part- Had a part-time job during 15 13 78

time job? 2. If you answered yes to the previous question,

et : summer only
was your part-time job in the summer only? Their

; - Had a part-time job but not 12 8 20
responses are shown in the table to the right. Iv duri
Construct a graphical display that represents the oLy TS Syt
Total 48 52 100

association between gender and job experience for the
students in the sample.

As your students work on the task, you notice a student
named Juan has created this graph (shown at the right).
i. Comment on the strengths and weaknesses of this graph.
ii. How would you respond to Juan in order to advance his
thinking concerning graphical displays to show association
between categorical variables?
iii. Complete the task yourself, creating the best graphical
representation for representing the association between gender
and job experience.

Figure 1: Sample item; parts (i) and (iii) focus on SMK while (ii) focuses on PCK
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The scoring rubric for the item in Figure 1 delineates how the points should be awarded for
this item. To earn 3 points for part (i), the response needs to include at least one strength and the
following two notable weaknesses: (1) there is no label on the vertical axis; and (2) it displays
frequencies instead of conditional relative frequencies. Relatedly, when creating the best
graphical representation in part (iii), a representation received all three points if it was a
segmented bar graph showing percentages conditioned by either categorical variable and there
were no flaws in the execution of this representation. The rubric tiered down the point values
when some elements were missing. For part (ii), a response received 2 points if it included
questions or proposed activities for Juan that addressed either of the notable weaknesses from
part (i). A response to part (ii) received 1 point if it accurately gave an explanation about what is
incorrect or correct about Juan’s graph but did not prompt Juan to think about it himself.

The SKT test was given to PSTs in two statistics-for-teachers classes at separate universities
that used the MODULE(S?) materials in the 2020-21 academic year. It was given at the start of
the semester as a pre-test and at the end of the semester as a post-test. It was administered as a
take-home test without a time limit. The tests were independently scored by 2 graduate assistants
using the scoring rubric, and they reconciled any scoring discrepancies for each item. The sample
sizes were 11 on the pre-test and 11 on the post-test; we present results here for the 10 PSTs who

submitted both tests.

Figure 2a shows the pre- and post-test scores for PSTs’ overall SKT, with line segments

Data Collection and Results

linking each PST’s pre- and post-test scores.
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Figure 2: Paired dotplots of pre-test (circles) and post-test (squares) scores.

(a) Overall scores, (b) SMK subscores, (¢) PCK subscores

We observe a general pattern of increases from pre to post; the mean pre-test and post-test scores
were 15.5/45 (34.4%) and 23.7/45 (52.7%), for an average increase of 18.22 percentage points
(standard deviation 18.20). This results in a strong effect size, measured as 0.92 by Cohen’s d
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with Hedge’s correction. Similar graphs are provided in Figure 2 for SMK (2b) and PCK (2¢).
These also show that PSTs generally improved from pre- to post-test in both of these areas, some
quite substantially. The mean SMK pre-test and post-test subscores were 4.2/14 (30.0%) and
7.2/14 (51.4%), a mean increase of 21.4. The mean PCK pre-test and post-test subscores were
11.3/31 (36.5%) and 16.5/31 (53.2%), a mean increase of 16.8. We concluded that PSTs made
similar gains on the SMK and PCK portions of the test. An item-by-item analysis revealed that,
on average, the PSTs considerably improved their performance on all items from pre- to post-test
and that their mean change was roughly the same for SMK- and PCK-related items overall.

Discussion

The MODULE(S?) project works to resolve the conflict between the preparation PSTs have
historically received in their university content courses and the preparation they need to develop
their MKT/SKT. The statistics teacher education curriculum materials made by the
MODULE(S?) project were designed to address this by attending to the development of PSTs’
SKT, including SMK and PCK development simultaneously. This preliminary study has
provided initial evidence that harmony in developing these aspects of SKT concurrently is
possible and productive. Use of the MODULE(S?) project’s materials considerably enhanced
PSTs’ SKT, including both their SMK and PCK. Additionally, we believe that strong SKT
supports teachers to effectively implement data-driven lessons focused on equity. The design of
the MODULE(S?) project’s materials to improve PSTs’ critical statistical literacy along with
evidence from this study that PSTs” SKT improved through their use of the MODULE(S?)
project’s materials is promising for the development of teachers who can teach equity-focused
statistical lessons. Further research on a larger scale to study the effects of the MODULE(S?)
project’s materials on SKT and critical statistical literacy is needed to move to more substantial
findings. In addition, further research that explores how PSTs’ SKT evolves through use of the
MODULE(S?) project’s materials—including features of the materials’ implementation that
support or inhibit PSTs> SKT development—is recommended.

An additional contribution of this preliminary study is the development of a SKT test for
secondary teachers, addressing a longstanding lack of teacher instruments in statistics education
(Groth & Meletious-Mavrotheris, 2018). Future projects can conduct large-scale validation
studies of the test to work towards establishing more validity evidence for its use in measuring
teachers” SKT.
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