Teachers and Curriculum
!

Journal website: http://tandc.ac.nz
ISSN 2382-0349
Published by the Wilf Malcolm Institute of Educational
Research

________________________________________________________________________________

Volume 20 Issue 1, 2020
Observing the effects of hands-on activities on mathematics teacher confidence in geometry and statistics:
A case study
Zachariah Benton Hurdle
Editor: Kerry Earl Rinehart

To cite this article: Hurdle, Z. B. (2020). Observing the effects of hands-on activities on mathematics
teacher confidence in geometry and statistics: A case study. Teachers and Curriculum, 20(1), 31–42.
https://doi.org/10.15663/tandc.v20i1.344
To link to this volume: https://doi.org/10.15663/tandc.v20i1

Copyright of articles
Authors retain copyright of their publications.
Articles are subject to the Creative commons license: https://creativecommons.org/licenses/by-nc-sa/3.0/legalcode
Summary of the Creative Commons license.
Author and users are free to
Share—copy and redistribute the material in any medium or format
Adapt—remix, transform, and build upon the material
The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms
Attribution—You must give appropriate credit, provide a link to the license, and indicate if changes were
made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or
your use
Non-Commercial—You may not use the material for commercial purposes
ShareAlike—If you remix, transform, or build upon the material, you must distribute your contributions under
the same license as the original
No additional restrictions – You may not apply legal terms or technological measures that legally restrict
others from doing anything the license permits.
Open Access Policy
This journal provides immediate open access to its content on the principle that making research freely
available to the public supports a greater global exchange of knowledge.

OBSERVING THE EFFECTS OF HANDS-ON ACTIVITIES ON MATHEMATICS
TEACHER CONFIDENCE IN GEOMETRY AND STATISTICS: A CASE STUDY
ZACHARIAH B. HURDLE
Utah Valley University
Orem, UT, USA

Abstract
Middle school mathematics teachers often do not emphasise statistics and geometry in their lesson
plans for a variety of reasons. However, these are integral topics in mathematics, and using direct
lecture or hands-on activities may have different effects on teacher confidence when approaching these
subjects. Using qualitative and quantitative methods, anxiety was found to improve with lecture-based
workshops, while confidence and effectance was found to improve with manipulatives-based workshops.
The results showed some surprising and unsurprising reasons for these conclusions.
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Review of the Literature
Geometry and statistics are polarising mathematical subjects: students and teachers will swear by these
as the only mathematics topics that make sense, while others emphatically denounce these topics as the
beginning of the end for their mathematical learning. For example, pre-service secondary mathematics
teachers “may believe statistics is difficult and … this may impact their perceptions about their ability
to teach statistics content” (Lovett & Lee, 2017, p. 300). Additionally, Hedges and Harkness (2017)
found that student opinions fell into three categories: “(1) statistics is mathematics, (2) statistics is like
geometry, and (3) statistics is almost not mathematics” (p. 349). Also, prior methods taught to teachers
could manifest negatively towards mathematics, particularly geometry (Fonseca & Cunha, 2011).
Clearly, then, these are important milestones in high school mathematics, and the purpose of this study
will explore the background and strength of the teachers in charge of relaying this information to
students on their way to those courses—middle school mathematics teachers (defined here as 4–8 grade
levels). To be more exact, the research question will be as: How does the style of learning geometry
and statistics in a professional development setting affect the confidence of middle school teachers?

Manipulatives for professional development
Research has focused on determining pedagogical content knowledge in teachers with regard to more
technologically based concepts (Niess, 2005). Specifically, manipulatives (considered a type of
technology) have been shown to inspire stronger problem-solving skills, knowledge retention, and
justification when compared to learning mathematics strictly through symbolic representation
(Carbonneau et al., 2013). Similarly, research has also shown that one of the more effective ways to
measuring teacher content knowledge and confidence is through a professional development
atmosphere (Baxter et al., 2014; Sarama et al., 2016). However, simply including manipulatives, a
mathematics education term for hands-on materials, into a classroom setting or lesson does not
necessarily indicate correct implementation or strength in teacher understanding (Moyer, 2001). In fact,
understanding is directly related to the experience people have with mathematics (Sarama et al., 2016;
Schoenfeld, 1994), which makes it imperative for these lessons to be maximised in both efficiency and
engagement. Allowing students (and teachers) to spend more time brainstorming and testing ideas
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independently has been shown to lead to a more overall productive and effective class period and
learning experience (Schifter, 1996), and teachers have similar needs (Stipek et al., 2001).

Teacher confidence and math knowledge
Beyond content knowledge, confidence is the main aspect of teachers to be assessed in this study. The
three focal points here will be confidence in learning mathematics, mathematics anxiety, and effectance
motivation in mathematics. Mathematics anxiety can be defined as “a feeling of tension, apprehension,
or fear that interferes with math performance” (Ashcraft, 2002, p. 181). Effectance motivation hinges
on the philosophical idea that a person does not rely on external factors for learning “involved in
learning because [they] wanted to be” (Zakaria & Nordin, 2008, p. 27), which research has found
correlates positively with self-motivation, self-efficacy, behaviour, achievement, and persistence
(Zimmerman, 1998). Confidence, then, relates in that it is the “single most important predictor of math
accuracy” (Morony et al., 2013, p. 1). Research shows that when teachers understand “how their anxiety
interfered with their mental function during mathematics activities, [it can help] them learn how to stay
focused and relaxed while solving problems” (Cohen & Leung, 2004, p. 1084). Research shows that
teachers with traditional views about how to learn mathematics have lower self-confidence, and even
find less enjoyment in mathematics, than those with inquiry-based beliefs (Stipek et al., 2001). Similarly,
there is a general lack of confidence for middle school teachers towards the math content they teach
(Beswick et al., 2006). These ideas are vital, because any “lack of confidence in teachers of primary
mathematics may arise from weak understanding of the subject, limiting the teacher’s ability to extend
and enhance children’s progress” (McCullouch, 2016, p. 9).

Emphasis on geometry and statistics
Certain subjects within the K-12 mathematics spectrum are more difficult for some teachers than others.
For example, “since statistics has been introduced into mathematics curricula, often without adequate
attention paid to teachers’ professional development, they often depict insufficient understanding and a
fragile knowledge for teaching statistics” (Henriques & Ponte, 2014, p. 1). Research shows that teaching
practice can affect the confidence and training of teachers in statistics, both veteran and prospective
(Fitzmaurice et al., 2014). Therefore, teacher education is essential to improve this knowledge base to
meet instructional goals in the school system (Batanero et al., 2011). Similarly, research shows that
positive learning environments and teacher views towards geometry lead to better achievement of
classroom goals within that subject, as well (Ly & Malone, 2010). A very real problem has been noted
in the past, as “many younger teachers these days have had a poor training in geometry both at school
and at the teacher training colleges” (Lundsgaard, 1998, p. 236), and while geometry education through
visualisation has improved over time “for early geometry … it is often neglected when students get
older” (Jones et al., 2017, p. 562). Research has shown that despite advances in methodology and
technology aimed primarily for geometry classrooms, many teaching styles have remained the same
and have resulted in a continuous cycle of underdeveloped geometric knowledge, and often pre-service
teachers have a preconceived notion of geometry simply based on both expectation and memories
(Barrantes & Blanco, 2006).

Methodology
The first week (manipulatives-based) consisted of eight participants from five surrounding schools: four
from 5th grade, one from 6th grade, two from 8th grade, and one that covered 6th, 7th, and 8th grade. The
second week (worksheet-based) consisted of seven participants from five surrounding schools: one
from 4th grade, one from 5th grade, two from 6th grade, one from 7th grade, one from 8th grade, and one
that covered 7th and 8th grade. Average grade level was 6.125 for the first group, and 6.214 for the
second group. Teacher demographics were as follows: nine Caucasian, four African-American, one
Hispanic, and one mixed. Partners were paired up in both cases, with no one working individually, but
no two people were paired together more than once. Sessions lasted two hours each for five days, for a
total of 10 professional development hours. Both weeks covered the same material, but in different way,
shown in Table 1.
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Table 1:

Workshop: Topics Per Week

Workshop Day

Workshop Topic

Monday (Day 1)

Box-and-Whisker, Measures of Central Tendency

Tuesday (Day 2)

Fallacies Comparing Volume and Surface Area

Wednesday (Day 3)

Probability Basics and Expected Outcome

Thursday (Day 4)

Direct and Inverse Relationships, Ratios, and Linear Graphs

Friday (Day 5)

Triangle Proportions and Statistical Sampling

For the entire study, the sample is only n=15, and in reality, each sample has n=8 and n=7, respectively.
This is hardly enough data to run vigorous statistical analysis based on positively and negatively coded
survey responses, as normal distribution is not accounted for—some addition information is necessary.
However, the interpretations for this quasi-experimental study are based on mixed methods, using the
quantifiable data from such surveys to complement, rather than supplement, the qualitative responses
given in the free response sections of pre- and post-surveys. The qualitative data is the primary source
of information. The sample was not completely random in selection—contact was made to teachers and
administrators in the region just before the summer break to seek out teachers who were interested in
the study and did not have other professional development commitments. The sample consists of
teachers taken from the southern portion of a state in the southern United States. These teachers did not
know the purpose of the study until the full workshop was over, and were then informed how
participants were experiencing the workshop in the other week they were not involved with, so as not
to influence post-survey responses in prideful favour of their own workshop experience or teaching
philosophy.
The survey is a slightly edited version of the Fennema-Sherman Mathematics Attitude Scale (Fennema
& Sherman, 1976), particularly modified from a more recent version used in a lower-primary teachers
study as the descriptions were extremely relevant (Ren et al., 2016), including a 1 to 10 scale with some
reverse coding for authentic responses (see Appendix A). One question (about being assessed in
mathematics) was removed for irrelevance to the context of the study. Further, this survey has been
slightly edited from the already-modified version of Ren et al. (2016) to fit middle school teachers
exploring the specific mathematics topics of geometry and statistics (foreign as a singular-subject class
in the middle grades, rather than high school). This format parallels the modified intention from 2016
that asked general lower education major teacher opinions on mathematics. Also included is a
mathematics subject-specific ranking system for confidence, limiting only the topics relevant for this
study; included in Appendix B. The purpose of the survey, both before and after the week of workshop
activities, was to view any changes in confidence towards these topics. Three disciplines were covered
in the survey: confidence in learning mathematics (10 statements), mathematics anxiety (12 statements),
and effectance motivation in mathematics (11 statements).
The participants were asked which workshop days they felt were most impactful and least impactful,
including explanations. An additional portion of the post-survey allowed for extended qualitative
comments about positives and negatives of applying that particular week’s workshop style to their
classroom in the future. Those responses are used, combined with the data from the surveys, to create
a narrative of teacher opinions on their confidence in teaching the two less-familiar subjects of statistics
and geometry. Some additional concept problems were included as well, and this qualitative portion of
the survey is included in Appendix C. Week 1 involved the hands-on workshop, while Week 2 was
based around direct lecture and slides. Both weeks involved a group dynamic of pairing and group
discussions. Both weeks mirrored the same material covered day by day as the basis of the lesson
(although the discussions could take organically different directions). These topics were: box-andwhisker plots relating measures of central tendency, fallacies included in comparing volume and surface
area, observing natural probability occurrences related to expected value, experiments comparing direct
and inverse variation, and statistical sampling using ratios and triangles. Figure 1 shows some
collaboration with teachers in that aspect. Video and audio were taken consistently through both styles
of workshops, capturing initial feedback and overall group discussion over the course of each week.
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Initial findings
The first week
The atmosphere in the room felt more positive in the first week (superficially: more nodding, smiling,
and discussing) compared to the second week. Many comments showed teachers with self-awareness
in improved confidence and content knowledge. In the first week (manipulatives-based), two particular
workshop days were widely considered to contain the most effective lessons: the volume/surface area
project received approval for “surprising results” and “relevance with current classroom lessons”, and
the direct/inverse relationships project was cited as providing a more specific foundation of definitions
regarding variation and proportions. The projected probability board game lesson was voted least
helpful, mainly due to confusing terminology and general unfamiliarity with probability.
When asked to describe positives or negative aspects about hands-on activities in general versus direct
instruction strategies, many immediately considered their future students and turned the thoughts
inward, as learners themselves. One teacher remarked, “All hands-on projects were awesome. I learned
several new terms in the process. Those hands-on keep my interest.” Another commented, “There’s
opportunity to perk interest in the math with the learning taking place and an interaction with the activity.
[For direct instruction], guide to what was lacking in [getting started] on the project-based learning.”
Still another teacher admitted that “a con [of hands-on] would be the time and cost involved in putting
it together. The con of [direct] is that even though you may learn the material you may not have an
honest, real understanding of it”. Often, the teachers described direct instruction as “boring” or
“predictable”, even though the workshop for the first week had no direct instruction involved. During
the hands-on activities, many of the teachers appreciated the value of using this strategy, and many
agreeing verbally that it was “fun”, to teach these concepts. One teacher said: “You do a lot of standards
in one practice…We waste a lot of time trying to get the foundation together, whereas here you …
covered a lot of standards in one activity.” Another teacher cited classroom management as a benefit to
hands-on activities: “It gives kids the opportunity to get up. Because, you know, there’s a problem with
kids’ behaviour, because I’d let them get up sometimes, but these activities we can let them get up even
more, where they’re not just sitting idle to get in trouble.”

The second week
A common remark during the second week was that the material covered was much deeper than the
teachers’ previous exposure to such topics. The volume/surface area lesson did not have nearly the same
standout impact on the teachers, and the group instead considered the direct/inverse relationship lesson
to be the weakest. Some supporting comments called the direct/inverse lesson “confusing”, “brand new”,
and containing “different definitions than taught before”. The general consensus was that proportional
variation was a concept they were not as clear on as they previously believed. One teacher admitted that
the format of the workshops was nearly irrelevant, stating, “I generally tend to have trouble starting.
My mind is trying to grasp the information at times because it is so new that I may miss out on the
introduction of added information.” Yet many teachers were more positive about direct lecture formats,
calling it “a fair way to teach large classes” where “all the necessary information is likely to be given
to the students in a comprehensible way”, but notably did not reference student understanding in the
comment. Another wrote that manipulatives lead to “problem-based learning [which] might not gather
all the needed information”. At one point on the fourth day (direct and inverse relationships topic) the
whiteboard was full of variables and proportions. One teacher stopped the group to say: “I want to say
something about being an elementary school teacher, in that this kind of stuff, just working with
numbers and seeing that is not going to make any difference for them. But applying it … when you start
doing a study or an experiment or something like that, that’s when they’re going to get it.”
Often, the group conversations led to deep questions that went beyond the original content of the lessons.
For example, an intense discussion arose about the idea of a number on a number line actually having
width, or taking up any space on the line itself. In general, the group agreed that by the end of the
workshop many of them actually felt shakier about their knowledge because of how much they realised
they did not know as strongly as they previously believed, or at all. They also acknowledged that
exploring with manipulatives may be helpful, but more importantly this could also leave open plenty
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of room for knowledge gaps. For example, during the geometry lesson, one teacher pointed out that
without using manipulatives, “often, not all the time, but often these prisms are not sitting on its base,
so here you’ve given us one sitting on the base. If it’s laying down on its side, they mistake the height
as still going vertical”. At the same time, the teachers more quickly identified how to find threedimensional length and width dimensions when they had diagrams rather than physical objects in front
of them.

A limited quantitative comparison
In addition to the findings from above with teacher comments and coded recordings of the workshops,
provided next is the quantitative data from the survey (again, see Appendix A). The extensive list,
shown in Appendix D, categorises the questions in order given on the survey, defined strictly by the
three domains tested in the Fennema-Sherman Scale, and shows the average change in each week for
that particular question per appropriate week. In Table 2, these domains alone are averaged to see effect
(limited, of course, by sample size) on the parties involved in the two different workshop formats. Based
on the coding of the survey prompts, positive values indicate an improvement, while negative values
indicate a regression.

Table 2:

Workshop Topics Per Week

Week 1

Domain

Week 2

0.075

Confidence

-0.45714281

-0.260416667

Anxiety

0.714285808

0.568181818

Effectance

0.233766227

No confidence intervals can be included because of the limited sample size. However, as further support
of the comments indicated in the earlier Week 1/Week 2 sections, anxiety improvement provided the
largest difference between workshop styles, by one whole point. In the manipulatives-based week
(Week 1), anxiety slightly worsened, but anxiety improved during the lecture-based week (Week 2).
This overall difference was the most striking quantitative comparison. Effectance improved during both
weeks, but less so in the lecture-based week. Confidence hardly changed during the manipulativesbased week, and actually decreased during the lecture-based week—an accurate reflection of teacher
comments. Other differences between Week 1 and Week 2 can also be noticed. Effectance was .33 less
in Week 2 than in Week 1. Confidence was .53 less in Week 2 than in Week 1. Anxiety was nearly .98
more in Week 2 than in Week 1.
When breaking down the survey on an individual question basis in Table 3, the actual number of domain
statements that saw an average increase, decrease, or no change from beginning to end of the workshop
are tallied. Once again, the sample size is small, but when coupled with many teacher statements during
the workshops, some trends are noticeable. Note that these values are not individual scores per each
teacher, but per each question type. To help with interpretation: in row one, for example, during the
manipulatives-based week (Week 1), all 10 confidence prompts were averaged collectively in the presurvey, and similarly in the post-survey, to get two single values representing the group’s confidence
before and after the workshop collectively. Six of the confidence prompts yielded a higher value in the
post-survey compared to the pre-survey, and four confidence prompts yielded a lower value in the postsurvey compared to the pre-survey.

Teachers and Curriculum, Volume 20, Issue 1, 2020

36

Zachariah Benton Hurdle

Table 3:
Domain

Rating Change Per Question
# Increase

# Decrease

# Unchanged

Confidence

6

4

0

Anxiety

5

7

0

Effectance

8

3

0

Confidence

2

8

0

Anxiety

7

4

1

Effectance

7

3

1

Week 1

Week 2

Conclusions and implications
By the nature of this project, active workshops can certainly contain a small group of individuals in
order to foster an environment that promotes dialogue and close group collaboration. This workshop
was no different, and the results (while difficult to construe to all populations because of the severely
limited sample size) can be used to shape similar workshops in other districts and/or universities. The
following are concise findings after coding the qualitative responses and pairing them with the
quantified survey responses:
1. Anxiety decreased during the week of manipulatives, while confidence decreased during the
week of lecture. Anxiety was the most affected attributed when comparing overall between the
week of manipulatives and the week of lecture.
2. Confidence and effectance both increased during the week of manipulatives, while effectance
and anxiety both increased during the week of lecture. Dialogue reinforced the fact that
confidence dropped over the entirety of the week of lecture.
3. The topics of direct/inverse relationships and volume/surface area received more positive
reception when using manipulatives rather than lecture strategies. Proportional reasoning in
general (which included direct/inverse relationships) was perceived as a more difficult topic
regardless of instruction format.
While more content can be covered in a deeper sense when lecture is the primary mode of teaching to
improve anxiety towards the topics, teachers in the lecture group voiced their lowered confidence
because of their prior superficial knowledge base on the topics, as more difficult questions were posed
that led into unfamiliar territory. Many teachers knew the advantage of hands-on teaching in their
classrooms, but they either had budgetary concerns (another topic altogether) or were not sure the most
effective and creative ways to carry out such lessons. However, the implications of the above results
imply and support that a mixed methods professional development workshop may be best for districts
to use for their teachers. Anxiety is improved with lecture-based instruction, but hands-on training is
necessary to improve confidence (and to a lesser extent, effectance). Hopefully, the experience of this
project can be used as a springboard for more intensive, larger studies to evaluate how to best provide
professional development opportunities to future middle school teachers that cannot forgo teaching
statistics and geometry concepts as a fundamental base for their students. Further, this case study can
serve as the beginning for studies in the future to determine how best to improve mathematical
professional development, and larger samples can allow for more accurate trends to extend out into
surrounding classrooms.
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Appendix A: Confidence Survey1, 2
Rate the following statements, from Strongly Disagree (0) to Strongly Agree (10). Neutral is (5).
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Most math topics I can handle OK., but I feel a tendency to mess up geometry and/or statistics.
I would never get nervous during a geometry- or statistics-focused lesson in the classroom.
When a question is left unanswered in a geometry- and/or statistics-based class, I would continue
to think about it afterward.
Geometry and/or statistics are enjoyable and stimulating to me.
My mind goes blank and I am unable to think as clearly when doing geometry and/or statistics.
I am sure that I can learn geometry and/or statistics.
I don’t understand how some people spend so much time on geometry and/or statistics and seem
to enjoy it.
I’m not the type to do well with geometry and/or statistics.
Generally I have felt secure about attempting geometry and/or statistics.
I am usually at ease during geometry and/or statistics lessons in the classroom.
I am challenged by geometry and/or statistics problems that I can’t understand immediately.
I consider geometry and/or statistics my weakest subject.
I have a lot of self-confidence when it comes to geometry and/or statistics.
The challenge of geometry and/or statistics problems does not appeal to me.
I think I could handle more difficult geometry and/or statistics topics.
Geometry and/or statistics make me feel uncomfortable, restless, irritable, or impatient.
I don’t usually worry about being able to solve geometry and/or statistics problems.
I am at ease teaching geometry/statistics topics.
I get a sinking feeling when I think of trying hard geometry and/or statistics math problems.
Giving a geometry- and/or statistics-based lesson to my class would scare me.
I’m not good at geometry and/or statistics.
Geometry and/or statistics usually make me feel uncomfortable or nervous.
Geometry and/or statistics puzzles are boring.
I can perform well with geometry and/or statistics topics.
It wouldn’t bother me at all to teach more geometry and/or statistics topics.
Once I start trying to work a geometry and/or statistics puzzle, I find it hard to stop.
Figuring out geometry and/or statistics problems does not appeal to me.
When a geometry and/or statistics problem arises that I can’t immediately solve, I stick with it
until I have the solution.
Geometry and/or statistics make me feel uneasy or confused.
I would rather have someone give me the solution to a difficult geometry and/or statistics math
problem than to have to work it out for myself.
Geometry and/or statistics don’t scare me at all.
For some reason, even though I lesson prep, geometry and/or statistics seems unusually hard for
me to teach.
I want to cover the minimum material in geometry and/or statistics units of my classes.

1

Reverse coded: Q1, Q2, Q7, Q8, Q10, Q12, Q14, Q17, Q18, Q21, Q23, Q25, Q27, Q30, Q31, Q32, Q33.
Not reverse coded: Q3, Q4, Q5, Q6, Q9, Q11, Q13Q15, Q16, Q19, Q20, Q22, Q24, Q26, Q28, Q29.
2

Confidence in Learning Math: Q1, Q6, Q8, Q9, Q12, Q13, Q15, Q21, Q24, Q32.
Math Anxiety: Q2, Q5, Q10, Q16, Q17, Q18, Q19, Q20, Q22, Q25, Q29, Q31.
Effectance Motivation in Math: Q3, Q4, Q7, Q11, Q14, Q23, Q126, Q27, Q28, Q30, Q33.
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Appendix B: Topic-specific Ranking
Directions: Please rate the following mathematics topics according to how confident you would be
teaching your students each topic.
Please use the following scale:
1

2

3

4

Not confident
at all

5

6
Completely
confident

1.

Averages, Mean, Median, Mode, Quartiles

1

2

3

4

5

6

2.

Multiplication

1

2

3

4

5

6

3.

Number Patterns

1

2

3

4

5

6

4.

Shape Properties

1

2

3

4

5

6

5.

Fractions

1

2

3

4

5

6

6.

US Measurement System

1

2

3

4

5

6

7.

Probability

1

2

3

4

5

6

8.

Decimals

1

2

3

4

5

6

9.

Order of Operations

1

2

3

4

5

6

10. Statistical Sampling

1

2

3

4

5

6

11. Division

1

2

3

4

5

6

12. Perimeter & Area

1

2

3

4

5

6

13. Volume & Surface Area

1

2

3

4

5

6

14. Tables & Graphs

1

2

3

4

5

6

15. One- and Two-Step Equations

1

2

3

4

5

6

Teachers and Curriculum, Volume 20, Issue 1, 2020

Observing the Effects of Hands-On Activities on Mathematics Teacher Confidence 41

Appendix C: Qualitative Post-Survey
1. Which topic do you think improved your knowledge base the most? What about the least? Please
explain on both accounts.
2. Please describe at least one pro and one con for both hands-on, project-based learning, and directinstruction, lecture-based learning.
3. What are some of the struggles that your students may have with both geometric and statistical
concepts in class? Try and be specific, whether it is content-based or skills-based issues with
students.
4. A student is talking with a friend about rolling up a piece of paper into a cylinder to hold sand from
the playground. His friend wants to roll the paper differently, thinking he can get it to hold more
sand. Discuss your confidence in helping these students with this problem, and briefly explain ideas
to consider when solving this kind of math problem.
5. A fair coin is tossed ten times, and the probability needs to be calculated for at least one head
appearing, then at least two heads appearing. Without solving, write down thoughts and ideas to
consider when solving this kind of math problem. Include your confidence in exploring this type of
question.
6. A group of students is using their own heights and shadows to estimate the height of a nearby
building (using its shadow). However, the group is arguing about how to set up the proportion. One
says the person’s shadow corresponds to the building’s shadow, and equivalently the person’s
height corresponds to the building’s height. Another says this is wrong, and instead the person’s
shadow corresponds to the person’s height, and equivalently the building’s shadow corresponds to
the building’s height. Another student decides it does not matter which item is compared to which,
as “it will all work out proportionally”. Briefly explain the idea of proportionally reasoning to these
students based upon their preconceptions.
7. The data set of N = 30 ordered observations as shown below is examined for outliers:
35, 98, 102, 112, 112, 205, 275, 290, 387, 400, 465, 465, 466, 517, 551, 628, 680, 699, 811, 834,
846, 902, 912, 939, 947, 981, 1016, 1050, 1135, 1474
To the researcher, 35 and 1474 look fishy, and they wonder if those values are actually outliers.
Describe your process in analysing this problem; doesn’t have to be specific solving.
8. Draw an example of a graph that represents a relationship that is:
1. Direct but not proportional.
2. Direct and proportional.
3. Inverse but not proportional.
4. Inverse and proportional.
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Appendix D: Extensive Survey Data3
Q#

Week 1

Domain Tested

Week 2

1

0.25

Confidence in Learning Math

-1.285714

2

-0.625

Math Anxiety

-0.285714

3

1.5

Effectance Motivation in Math

0

4

1.625

Effectance Motivation in Math

1.2857143

5

0.375

Math Anxiety

1.7142857

6

-0.25

Confidence in Learning Math

1.2857143

7

0.25

Effectance Motivation in Math

0.2857143

8

0.875

Confidence in Learning Math

-0.428571

9

0.5

Confidence in Learning Math

-0.857143

10

-1.875

Math Anxiety

2.2857143

11

1

Effectance Motivation in Math

0.8571429

12

-1.5

Confidence in Learning Math

-2.142857

13

0.5

Confidence in Learning Math

-0.571429

14

-0.125

Effectance Motivation in Math

-0.714286

15

0.5

Confidence in Learning Math

-0.142857

16

0.875

Math Anxiety

0

17

-0.375

Math Anxiety

1.7142857

18

-0.25

Math Anxiety

0.1428571

19

-1.625

Math Anxiety

-0.285714

20

0.125

Math Anxiety

2.2857143

21

-0.5

Confidence in Learning Math

-0.428571

22

0.5

Math Anxiety

-0.285714

23

0.5

Effectance Motivation in Math

1

24

1.375

Confidence in Learning Math

0.5714286

25

-0.75

Math Anxiety

-0.285714

26

1.125

Effectance Motivation in Math

0.5714286

27

0.75

Effectance Motivation in Math

-0.285714

28

1

Effectance Motivation in Math

0.1428571

29

-0.125

Math Anxiety

1.2857143

30

-0.625

Effectance Motivation in Math

-0.857143

31

0.625

Math Anxiety

0.2857143

32

-1

Confidence in Learning Math

-0.571429

33

-0.75

Effectance Motivation in Math

0.2857143

3

Questions #1-33 are listed strictly by which domain is tested, with the average change between pre- and post-surveys shown
for Week 1 (left) and Week 2 (right).
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