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ABSTRACT

Increasing student engagement through Electronic Response Systems (clickers) has been
widely researched. Its success largely depends on the quality of multiple-choice questions used
by instructors. This paper describes a pilot project that focused on the implementation of
online collaborative multiple-choice question repository, PeerWise, in a Physics Methods
course for secondary teachers at a large Canadian Teacher Education program. We
investigated different facets of PeerWise implementation, teacher-candidates’ engagement
through the system, and how PeerWise can support teacher-candidates’ collaboration on
designing high quality conceptual multiple-choice questions. This study sheds light on the
results of this implementation and suggests directions for future research.

INTRODUCTION

Multiple-choice assessment has long been criticized for the lack of validity due to student
guessing, for the failure to credit partial knowledge, and most importantly, for the
overreliance on the questions that evoke and assess only the least sophisticated cognitive
thinking processes (Lau, Lau, Hong, & Usop, 2011; Masters et al., 2001), such as the ones
belonging to the Knowledge and Comprehension cognitive levels of Bloom’s Taxonomy of
Educational Objectives: Cognitive Domain (1956). However, since the introduction of
Electronic Response Systems (clickers) and Peer Instruction pedagogy (Mazur, 1997b)
during the late 80s early 90s, public attention to the multiple-choice assessment has
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increased dramatically. Educational researchers realized that asking “Which is better,
multiple-choice or open-ended assessment” was counter-productive, as the answer
depended heavily on the purpose of assessment, on the employed pedagogy, and most
importantly, on the construction of the multiple-choice questions.

This realization and a deeper understanding of the questions’ design increased emphasis
on the role of formative assessment in teaching and learning (Beatty, Gerace, Leonard, &
Dufresne, 2006). Enhanced by an ever growing knowledge of how people learn (Bransford,
Brown, & Cocking, 2002), it gave rise to a recent movement aiming to reconsider if not
“exonerate” multiple-choice assessment (Dickinson, 2011; Little, Bjork, Bjork, & Angello,
2012). Contemporary educational researchers have realized that the weaknesses of
multiple-choice assessment might not be inherent, but are based on teachers’ lack of
pedagogical and content knowledge pertinent to writing powerful multiple-choice items
(Sobolewski, 1996). In this context by powerful questions, we mean questions that elicit
possible student misconceptions, helping students identify main concepts behind the
question, and the relationships between them. This is especially relevant to Science,
Technology, Engineering, and Mathematics (STEM) education where a number of multiple-
choice assessments for K-12 and college-level subjects have been designed and
implemented. These instruments were able to provide a timely and accurate snapshot of
student conceptual understanding, thus helping teachers target specific student difficulties
in order to help students build more sophisticated STEM understanding (Hestenes & Wells,
1992; Hestenes, Wells, & Swackhamer, 1992; Lasry, Guillemette, & Mazur, 2014).

It is also well-known that pedagogically effective multiple-choice questions are difficult to
design as they require instructor to possess deep pedagogical and content knowledge of
the topic (Beatty et al, 2006; Mazur, 1997a) as well as some general knowledge about
multiple-choice question writing and scoring (Lau et al, 2011). In our own research we
encountered these difficulties while creating multiple-choice conceptual STEM questions
for the online K-12 resource database Mathematics and Science Teaching and Learning
through Technologies (Milner-Bolotin, 2014a; Milner-Bolotin, Fisher, & MacDonald, 2013).

Multiple-choice test scoring methods have also improved significantly over the last decade.
There are new technology-enhanced ways to score multiple-choice items, such as online
tutoring systems that provide students with individually tailored feedback. This
individualized feedback depends on student’s choice of a specific distractor. Since every
distractor is designed around a specific misconception, the students who choose it will be
asked to answer additional questions while being provided with relevant hints that will
help them clarify the concept and switch to the correct answer. This process is akin to
Socratic questioning, where the student is led to correct understanding through a
questioning process (O'Byrne & Thompson, 2005)

Lastly, modern pedagogies, such as Peer Instruction, emphasize student active engagement
and interactivity (Hake, 1998; Kalman, Milner-Bolotin, & Antimirova, 2010), which can be
easier achieved when student understanding is continuously monitored and the pedagogy
is continuously adjusted. Figure 1 illustrates a case of such a lesson. During this process
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the students first use clickers to respond individually to a multiple-choice conceptual
question, asking them to estimate the amount of work needed to stretch a spring a certain
distance. (By conceptual here we mean the question that highlights a specific concept while

Learning Physics Teaching
Milner-Bolotin

requiring minimal calculations, it is an anti-thesis of a plug-and-chug question.)
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12: Stretching a Spring

The work needed to stretch a spring 10 cm from equilibrium (from
x; =0 mto x,= 0.1 m) is 10 J. How much work needs to be done to
stretch the spring additional 10 ecm (from x,= 0.1 mtox,=0.2 m) ?
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revealing the correct answer

incorrectly

A large number of students answered

Most of the students provided correct answers,
correct answer is revealed; the distractors are
considered and discussed

¥

5 View histogram screen snot )

Students work in groups of 2-3 for
additional 1-2 minutes to discuss the
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individual answers

Students use clickers to resubmit
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An instructor leads a summary discussion with the class: reasons for correct, as well as for

incorrect responses, are elicited from the students (1-2 minutes).

Figure 1: Example of Peer Instruction cycle (6-8 minutes per question). In this example, the
students are initially confused (only four chose correct answer [D]). Yet, after the group
discussion, 10 out of 13 were able to answer the problem correctly (the remaining three

students refrained from the second voting).
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At this point, the students commit to their individual choice. The histogram of their
responses is then shared with the entire class. Then the students are asked to discuss their
individual responses with peers in order to justify the reasoning behind their choices, as
well as understand the reasoning of their peers. This is especially productive when
different members of the group chose different answers to the problem. After this
discussion, the students are given an opportunity to respond to the same question
individually once again.

It has been well-documented that peer discussions following students’ initial commitment
to their individual answers have a significant effect on student learning (Kalman et al,
2010; Lasry, 2008; Lasry, Mazur, & Watkins, 2008; Milner-Bolotin, Antimirova, & Petrov,
2010). In other words, student active engagement in the discussion of different alternatives
(distractors) has a positive impact on the depth of their understanding. There exist
numerous studies exploring the implementation of clickers in K-12 and at university STEM
classrooms (Mayer et al.,, 2009; Milner-Bolotin et al., 2010). Most of them focus on the
impact of clicker-enhanced pedagogy on students’ STEM learning. Multiple-choice
questions used in these studies are often designed by instructors, book authors, or other
content providers, and are implemented using various high-tech or low-tech interactive
engagement pedagogies (Kalman et al, 2010; Lasry, 2008; Milner-Bolotin, 2004; Milner-
Bolotin, Kotlicki, & Rieger, 2007). While actively engaged in Peer Instruction lessons, the
teacher-candidates often find themselves at the receiving end of this assessment, not at the
question designers’ side.

However, while engaging in the process of designing multiple-choice STEM questions for
our question database (Milner-Bolotin, 2014a), we noticed that we have significantly
increased our own Pedagogical Content Knowledge (PCK) (Fisher, Butler, MacDonald, Roll,
& Milner-Bolotin, 2014; Shulman, 1986). In this process, our research team had a unique
opportunity to analyze questions, suggest, discuss, and often reject possible distractors and
consider the pedagogical value of different versions of the same multiple-choice question.
The learning experience we have gone through was very powerful. Yet, this was the process
that we, educators, and not the students often experience. This begs a question, what if the
students were asked not only to discuss already pre-determined distractors, but are
requested to come up with their own multiple-choice questions that include a number of
distractors targeting specific science concepts? What if the most common approach to the
implementation of multiple-choice assessment in STEM classrooms forgoes one of the key
benefits of multiple-choice assessment - the pedagogical benefit of designing effective
context-specific conceptual questions that target specific science misconceptions and
learners’ conceptual difficulties?

This benefit of gaining experience in designing multiple-choice questions is especially
valuable to prospective STEM educators. In the current paper we propose a model for using
collaborative modern technologies, such as PeerWise (Denny, 2014) in STEM methods
courses in order to engage physics teacher-candidates with collaborative design of
conceptual multiple-choice questions. However, before discussing the implementation and
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possible effects of this process on the teacher-candidates, we should outline the context
and design of the current study.

STUDY CONTEXT AND DESIGN

The study employs an Action Research methodology that is a collection of “systematic
procedures done by teachers (or other individuals in an educational setting) to gather
information about, and subsequently improve, the ways their particular educational setting
operates, their teaching, and their student learning” (Creswell, 2008, p. 597). Action
Research should meet four criteria: (1) involve teaching and learning, and inquire into
teacher’s own practice; (2) be within the teacher-researcher’s locus of control; (3) the
teacher-researcher should be passionate about it; and (4) the teacher-researcher should be
motivated to improve their practice (Gay, Mills, & Airasian, 2012). This study was designed
to examine how teacher-candidates’ collaboration on designing multiple-choice conceptual
questions via PeerWise in my Physics Methods course can facilitate the development of
teacher-candidates’ PCK and promote their positive attitudes about conceptual STEM
learning.

We have been piloting the implementation of this pedagogy in Physics Methods courses at
a large Canadian Research University for the last two years. During the first year of the
study (2012-2013) we investigated the impact of modeling Peer Instruction pedagogy on
teacher-candidates’ Pedagogical Content Knowledge through evaluating the quality of their
participation during class, as well as the quality of the conceptual questions they submitted
as part of the course assessment (Milner-Bolotin et al.,, 2013). During the second year of the
study (2013-2014), we added the PeerWise component to the course, such as teacher-
candidates were able to respond and comment on the multiple-choice conceptual questions
designed by their peers in addition to uploading their own questions.

The teacher-candidates who participated in the study were pursuing a BEd degree in order
to be certified to teach physics at the secondary school level. The number of teacher-
candidates in these courses was 12 and 10 respectively, which is a representative
enrollment in a secondary science course at this Teacher Education Program. Most of the
teacher-candidates have earned a BSc degree prior to being admitted to this program,
while about a quarter of them have been enrolled in a concurrent BSc degree majoring in
physics. Secondary methods courses constitute about 5% of the time in the BEd program
(including the time, teacher-candidates spend on their school practicum) (Milner-Bolotin,
2014b). For example, Physics Methods courses meet for 3 hours weekly during a 13 week-
term (39 hours in total). In addition, teacher-candidates are required to take a general
Science Methods course and a large number of “context-independent” pedagogical courses.

The Physics Methods course discussed here is the only course in which teacher-candidates
are challenged to develop their physics PCK thus bridging their knowledge of physics to the
teaching practice. Therefore, the course activities are always grounded in the Physics
Education Research and practice while challenging teacher-candidates to explore novel
pedagogies and relevant educational technologies. The course instructor (the author) and a
Teaching Assistant worked with the teacher-candidates during the course. As part of the
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course assignments, teacher-candidates were asked to design five multiple-choice
conceptual questions every week and to provide feedback on ten questions designed by
their peers. In addition Peer Instruction pedagogy was modeled during most of the
meetings, such as teacher-candidates became comfortable with it. It is important to
mention that many teacher-candidates have been familiar with clickers as their instructors
used them in large undergraduate science courses. However, since very few science
instructors in Science Faculties have a pedagogical background or are familiar with Physics
Education Research, the quality of the clicker-enhanced pedagogies and of conceptual
questions used in undergraduate science courses varies significantly. Thus, it was
important to model Peer Instruction and active engagement in the Physics Methods course.
Lastly, teacher-candidates have never been asked to design conceptual multiple-choice
questions themselves: they have always been the recipients of clicker-enhanced pedagogy.
Thus, the goal of the Physics Methods course was to change it and help teacher-candidates
develop the PCK needed to be able to enact clicker-enhanced pedagogy successfully in their
future courses. Learning how to design and evaluate conceptual multiple-choice physics
questions was a crucial step in that direction.

DESIGNING MULTIPLE-CHOICE QUESTIONS FOR PEER INSTRUCTION PEDAGOGY IN STEM

CLASSROOMS

As discussed earlier, designing effective multiple-choice STEM questions is a multi-stage
process (Table 1). In Stage 1, a problem designer has to identify a target concept that is
aligned with the goals of the desired curriculum. For example, in the question mentioned in
Figure 1, the core concept is the relationship between the area under the Force-Distance
graph F(x) and the work done by this force (provided the direction of the force is along the
line of the object’s motion). After the concept is identified, a problem, which often includes
a real-life situation, has to be devised that requires a student to use this concept for
answering it. This is the goal of Stage 2. Multiple-choice questions used in Peer Instruction
pedagogy are often self-contained (they do not require a long interpretation of the
question), they also tend to use multiple representations, such as a story line, a picture, a
graph, or a data table (Milner-Bolotin, 2007). For example, the problem in Figure 1 uses
three representations: a text (a story), a graph, and a schematic diagram of an experiment
(Van Heuvelen & Zou, 2001). Moreover, to find the answer to the question, one does not
even need to use a calculator: the area of the unshaded right triangle represents the work
needed to stretch the spring 0.1 m from its equilibrium (unstretched) state. It is given in
the problem that it equals 10 Joules. The area of the shaded trapezoid represents the work
needed to be performed to stretch the spring an additional 0.1 m. As one can see in Figure
2, this area is three times larger than the area of the white triangle. Therefore, the
additional work needed to be done equals 30 Joules. This problem can also be solved using
a more traditional algebraic approach, where W denotes the work required to stretch a
spring:

Wo ms01m =1k(0.1 m)> =103:>1k(0.2 m)2 =40 J
o i (1)
Woim-o2m =Womsozm ~Womsoim =%k(0-2 m)°* —%k(O.l m)’=40J-10J=301J
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Figure 2: One of the possible graphical explanations for the question shown in Figure 1

Reviewing the distractors shown in Figure 1, one can see that they represent possible
student difficulties, following from either wrong applications of a mathematical reasoning,
or the lack of conceptual understanding. Therefore these distractors have very specific
pedagogical underpinnings. Figuring out potential student difficulties is the purpose of Step
3 in the question design process (Table 1). While expert STEM teachers can rely on their
teaching experience for devising these distractors, it becomes a challenge for novice
teachers. Yet, it opens opportunities for them to consult STEM education literature and use
its findings in their practice. There are many peer reviewed STEM journals, such as The
Physics Teacher, The Science Teacher, Journal of College Science Teaching, Journal of
Chemical Education, American Journal of Physics, that are aimed at practitioners and have
papers addressing these issues in great detail.

Stages 4 and 5 of the question design process are very important, yet they are often
neglected or taken for granted: devising explanations for both correct and incorrect
responses, and providing ideas for extension activities such as experiments,
demonstrations, simulations, that can help students see how this question fits into the
bigger picture of a lesson, unit or an entire course.

Stage Action Challenge

1 Identifying a target concept Making sure that it is a major concept that
presents challenges to the students and that is
imperative for students to understand

2 Devising a problem (often To come up with a problem that will:

real life situation) that a)be ofinterestto the students
requires using this concept b) use multiple representations

for its solution. c) be succinct and self-contained
d) be conceptual - not require extensive
calculations

e) can be solved on the basis of students’ prior



Learning Physics Teaching
Milner-Bolotin

knowledge during the allocated time
3 Considering potential To envision potential stumbling blocks and
student difficulties student difficulties and to come up with
(misconceptions) and coming meaningful distractors
up with not only the right
answer, but with the
meaningful distractors

4 Devising explanations for To make sure that students not only understand
both correct and incorrect why the correct answer is correct, but also what
responses is wrong with the distractors.

5 Consider how this question Consider possible follow up questions or

fits into a bigger picture of activities. Help students see the purpose of the
the lesson, unit or even a question and its goals.
course

Table 1: Five stages for design of conceptual multiple-choice STEM questions

This design process is rather complex and is especially difficult for prospective teachers. In
the next section we describe how modern technology, such as PeerWise online system
(Denny, 2014) can help create a learning environment where teacher-candidates can
collaborate on question design, support each other and provide and incorporate feedback
to create pedagogically effective STEM questions.

USING PEERWISE TO SUPPORT DESIGN OF STEM MULTIPLE-CHOICE QUESTIONS IN

METHODS COURSES

PeerWise is a freely available online environment that allows students to create, share,
answer, edit and discuss multiple-choice questions (Denny, 2014). In PeerWise, the
instructor creates a course. Then, course participants can author and upload their own
questions to be shared with the class. In this process they have to provide the question
stem, which can include pictures, diagrams, equations, etc. (Figure 3). Then the question
author provides all possible alternatives (distractors plus a correct answer) (Figure 4). This
includes an explanation of the alternatives. Then the author indicates the topics the
question is addressing (Figure 5). After the question has been uploaded, all students can
answer it and provide their feedback, which can include editing both the question stem and
the distractors, commenting on possible alternatives or suggesting a potential sequence for
the question.
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PeerWise*
EDCP357 (Winter 1, 2013)

Home | Main menu > Your questions > Q ion details

You are logged in as ma

Question stats

This question has been answered by 4 people and has an average rating of 4.00 (based on 3 ratings)

««« More responses are needed to determine the suitability of this question

Your question

accelerations of the blocks? (Assume friction is small and strings don't stretch)

A.g=a =0
A m, 8 B.g=a-=g
g, =g
b s
g, =g
iy D.a=e, (m, +m,)

E.qwa = —ti
(m, +m,)

Two blocks are connected via a pulley. The blocks are initially at rest as block m1 is attached to a wall. If string A attaching the blocks breaks. What will be the

Figure 3: A screen shot of a conceptual multiple-choice question that includes text,

equations and a figure.

Alternatives
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Explanation

The folowing explanation has been provided reiating 1o this question

Correct answer is C because the masses have the same acceeiration and they acceleration due to the actionof unbalanced force myg The mass of the system is the mass of both objects.
A s incorecir since the masses ARE acceleraring
B is incorrect since their acceleration is LESS than g - you ¢
D. is incorrect because the unbalanced force is due to m1 as
E. is IncOMECT BRCAUSE ThE UNTE BN 1Ot £VEN the Uit of BccRiration - this answer i dimensioniess

hat answer C is LESS than g

rinst onriamED
crmon | aitesmarive answens | awswens
A A
b oo b oo
B
8 B [0.00%) o o0
c [ —
¢ & (100.00%) 110 0%
D D
= 2o
E E
g noam

o

Explanation modied: 11:03am. 01 Oct

Correct answer is C because the masses have the same acceelration and they accelerate due to the action of unbalanced force myg. The mass of the system is the mass of both objects.

A I8 incormect since the masses ARE acceleraring

Bis incorrect since their acceleration i LESS than g you can prove that answer C is LESS than g

D. is incorrect because the unbalanced force is due to my, and not m;.

E. s incorrect because the units are not even the units of acceleration - this answer is dimensionless.

Figure 4: A screen shot of the distractors for the conceptual multiple-choice question
shown in Figure 3 and of the explanation. Notice, PeerWise displays the statistics about
how students answer every question and how confident they are about their responses.
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Topics

‘ou indicated the folowing topics were relevant to this question

Forces, Newtons aws

Comments

There are 2 comments. for this question (1 top-level comment and 1 reply) )

Very nice question, geod use of graphics, good explanation. ust check some speling and bolding for appearence purposes

3007201812580 8 30T SRR €IS CrRCKIg R g3 THANKS o 2300 1 COmTIETEng.

View previous version

You last edited this question at 4:15pm, 29 Sep. iew previous version

Edit this question

Ifthere i a problem with &t. The olg version of the question, along with al associated
reg o

the button below. I you ed this q
ang T how

uestion, any
owever  wil no longer be avalkable for others

Delete this question

Ifthere is a problem with this question, you may delete it from the system by pressing the button below. This will permanently delete the question, and all associated ratings and feedback comments.

Figure 5: Additional question-related information provided by the author and by the
people who solved the question

The format of the PeerWise online repository encourages students to engage actively with
designing their own questions, as well as in improving the questions designed by peers.
Moreover, since PeerWise collects all the individual statistics, course participants have a
continuous report on their own participation, progress, and on the quality of their
questions as evaluated by their peers. Peer feedback is a key element of PeerWise and since
teacher-candidates receive continuous feedback on their questions from the instructor and
the Teaching-Assistant, they have an opportunity to see what constructive feedback is and
also learn how to respond to it. Learning to provide constructive feedback and accept it in a
positive constructive manner is one of the most valuable skills in STEM teaching, thus
PeerWise becomes a non-threatening environment where this skill can be modeled,
practiced and improved. This also adds a game flavour to this environment, as participants
can earn points and badges while progressing through different “game” levels (Figure 6).

Highest Answer scores

Your Answer score in this course

2900

4.2000
1 4.6000
2 44000 * TOP FIVE

4.4000

4.2000

4.2000

Figure 6: Examples of some of the statistical outputs available in PeerWise.
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This process allows teacher-candidates to acquire PCK crucial for successful STEM
teaching. The pedagogical discussions involved in this process constitute the first step in
creating a STEM teaching community of practice. Lave and Wenger (1991) referred to this
gradual induction process a legitimate peripheral participation, where newcomer (teacher-
candidates) begin their participation in the STEM education community by first performing
low-risk tasks - modifying already existing multiple-choice questions, then by providing
feedback to the questions designed by others, and eventually by designing their own
questions. This process is akin to a pedagogical scaffolding of novice teachers by expert
instructors and by their peers. The key to a successful functioning of this community is
providing ample opportunities for teacher-candidates to practice these tasks in a low-risk
environment while supporting each other along the way. This requires that Peer
Instruction is modeled by the instructor gradually helping teacher-candidates experience
this pedagogy both as students and as future teachers. We described this modeling process
and its effects on teacher-candidates in detail in our recent paper (Milner-Bolotin et al,,
2013). The main findings of that study indicate that using Peer Instruction pedagogy in a
Physics Methods course increases future teachers’ interest in active learning; helps them
develop Pedagogical Content knowledge; as well as help teacher educators identify gaps in
the Content Knowledge of future teachers. Lastly, having teacher-candidates experience
Peer Instruction both as teachers and as learners in their methods courses is a great
opportunity for helping them become reflective about the effect of the teaching practices
they might want to use in their own classroom on their students.

Throughout this Physics Methods course, teacher-candidates were encouraged to use a
Mathematics and Science Teaching and Learning through Technology resource created by
our research team (Milner-Bolotin, 2014a). It includes more than 1,200 conceptual
multiple-choice questions relevant to British Columbia K-12 STEM curriculum and also
provides detailed discussions of the distractors including explicit pedagogical comments.
While the number of questions is large, it is far from being exhaustive. Moreover, in order
to use the resources designed by others, teacher-candidates have to understand the
philosophy behind each one of the resources. Teacher-candidates have to become critical
consumers; in order to do that, they have to learn to design questions themselves, such as
they can modify existing resources to fit their pedagogical goals.

As part of the course assignments, teacher-candidates were required to use PeerWise to
contribute five multiple-choice conceptual questions and respond to ten questions
designed by their peers weekly. This means that over the duration of the course, they
created more than 50 conceptual questions and answered, commented, and edited more
than a hundred questions. This is a significant time investment on their behalf. And it is
important to evaluate if these efforts paid off in terms of teacher-candidates’ PCK and their
attitudes about active learning and the use of technologies in STEM education. Below we
discuss most important study outcomes.

RESULTS AND DISCUSSION
In this section we describe some of the results of our first implementation of the PeerWise
system for design and collaboration on conceptual multiple-choice physics questions. We
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organize the discussion into a following logical sequence. First, we summarize teacher-
candidates’ engagement using the statistical data collected by the PeerWise software.
Second, we complement this data with the examples of teacher-candidates’ contributions
and comments. Third, we discuss our observations of the teacher-candidates’ participation
and their engagement during the class meetings. And fourth, we speculate how teacher-
candidates’ participation in PeerWise can help an instructor facilitate method courses.

The quantitative data described in this section is collected through PeerWise software.
While the course officially lasted 13 weeks, only 10 weeks were dedicated to teacher-
candidates’ participation in the questions’ design process. Therefore, we expected teacher-
candidates to submit at least 50 questions and submit answers to at least 100 questions. As
one can see from Table 2, most of them have fulfilled these criteria. It is important to notice
that some teacher-candidates have experienced considerable difficulties in designing these
questions. In our view, these difficulties were caused by five factors: a) Some teacher-
candidates had never experienced conceptual questions that go beyond factual recall and
since the instructor kept emphasizing that the questions had to be conceptual, it made the
design of questions more challenging; b) Designing a pedagogically effective conceptual
question requires being aware of learners’ prior knowledge. This was especially difficult
for international teacher-candidates, who did not have experience with North American
secondary schools; c) Designing effective distractors was difficult: while teacher-candidates
could provide correct answers, it was hard for them to think of potential student difficulties
and suggest meaningful incorrect answers; d) Very often teacher-candidates reverted to
the formulaic solution without being able to focus on the conceptual side of the question
and provide explanations that will be meaningful to the students; e) To their surprise,
teacher-candidates often revealed substantial conceptual difficulties and incomplete
physics understanding. While this at first proved to be a significant obstacle, the process of
question design helped address many of these difficulties.

Teacher-candidate Questions created Answers submitted Comments written

1 50 110 52
2 50 85 40
3 51 115 74
4 50 90 34
5 60 110 79
6 50 112 82
7 57 109 107
8 50 192 14
9 50 91 81
10 50 100 50
Average 51.8 111.4 61.3
Total 518 1114 613

Table 2: Summary statistics of teacher-candidates’ participation in PeerWise
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An example of a question designed by a teacher-candidate during the first week of the
course is shown in Figure 6.

34

nnectzd in paralel with a 10 resistor. The resultant resistance is

10- 1ma
D 10+1ma
E 10+ 1KQ

Let Rg and Ry be two resistances such that (R, )}/ (Rg) = n where n is =1

Then R, the parallel combination of Rg and R is given by Re ={ R) x (Rg) / (R*Rg) = Rg /(1 = n} = (Rg - Rg /n =Rg )/ nZ - Rg in® = ....... adinf.

Here this convergent geometric series is truncated after the second term. Rg = 10, R = 1KQ, n= 10" hence Rz = 10- 10/ 10° = 10 - 1m0

Electricity

Avg Rating 27500
Avg Difficulty | 17500

Total ratings

of the smallest one. Since 111000 Ohm is almost nothing, | wrote that the total wil be ABOUT 1 Ohm. The answers looks like BETWEEN. .. instead

mment 1 misundersiood the answers. | know that the resistance in parallel wil be less than the resistance

of the minus... However, it is a great question

Figure 6: An example of a multiple-choice conceptual question created by a teacher-
candidate during the first week of the course.

This is a standard physics question dealing with parallel resistors. However, the quality of
distractors and the explanation is still low. The explanation provides an accurate algebraic
solution, yet it misses the most importation point - the emphasis that the equivalent
(resultant) resistance for resistors connected in parallel is always smaller than the
resistance of the smallest resistor. Moreover, the correct answer is rounded and it is not
clear, what is the purpose of expressing it in this form. In this case, one does not need to do
any calculations to see that the only correct answer is C (since it is less than1 Q). Yet, this is
not emphasized by the student-teacher. Thus it is a missed teachable moment. The entire
conceptual purpose of the question is missed and instead of being a powerful conceptual
question, it became a traditional “plug and chug” question. Moreover, it is unclear where
the distractors came from - what is the reasoning behind them, as teacher-candidate did
not refer to the distractors in the explanation. This also reflects the philosophy of the
teacher-candidate that in physics learning, the only thing that matters is arriving at the
correct answer. A more fruitful explanation of this question could have been along the
following lines:

Let us denote R, =1 kQ =1000 Q and R, =1 Q. Since the resistors are connected in parallel,

we can calculate the equivalent resistance applying the known formula; we can also prove
that the equivalent resistance is going to be less than 1 Q (the smallest resistance of the
two):
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1 1 1 1 1 1001 1000 Q2
— =—+t—= t—= :Req parallel — <1Q
Ry s R R, 10000 1Q 1000 Q - 1001
R R
Req_parallel = R1 2= Rl : < Rl (2)
R +R, R +R,
R _ RlRZ Rl R2

= =R <
eq_ parallel Rl + R2 2 R1 + R2

If the student-teacher were to think of the question conceptually, they would have also
come up with more powerful distractors. This question was created earlier in the term and
provided an excellent opportunity to discuss the multiple-choice conceptual question
design in class.

The range of the comments submitted by teacher-candidates shows their deep engagement
with the questions designed by their peers. The vast majority of the comments dealt with
conceptual physics understanding. Teacher-candidates often attempted to provide
clarifications and improvements to the questions. Teacher-candidates often reflected on
their own conceptual understanding and potential conceptual difficulties. As the course
progressed, they started thinking more as teachers - attempting to discuss how the
questions might be perceived by the secondary physics students. For example, they started
thinking about the background knowledge the students have to have in order to answer the
question, about possible alternative ways of thinking about the phenomenon, about
possible extensions to the question and how it might relate to a demonstration, a
laboratory activity, or another learning experience. Table 3 shows a few of these
comments.

1 [ answered "time" because I thought the question was asking what quantity is
the same for both vertical motion and horizontal motion...I guess I answered this
wasy because that's often a key piece of information to use to solve the problem.

2 I answered "velocity" because velocity has both a horizontal and vertical
component, and that is how we quantify motion in the horizontal and vertical
directions respectively.

3 It’s a good question so that kids remember that you take multiple values when
you make the arcsine, due to the sine law. That’s what tripped me up.
4 The question needs an introduction - explaining that it can in general be solved

by Bernoulli's equations, but for the simple case that the velocity of water in the
barrel is taken to be zero, by conservation of energy - according to the theorem
of Torricelli:
http://curriculaZ.mit.edu/pivot/book/ph1806.html?acode=0x0200

You didn't say the barrel was sitting on the ground [I pictured pop can on a table
and chose h = H :( - my bad] You didn't derive the solution: "kinematics
equations” is too vague. You should derive time t from the equation for
displacement in vertical direction - then show that distance in the horizontal

direction follows asv(t) = 2,/h(H —h), as you correctly say. Do the students
know to differentiate a function to find where it is at a maximum/minimum?

35


http://curricula2.mit.edu/pivot/book/ph1806.html?acode=0x0200

Learning Physics Teaching
Milner-Bolotin

5 The qualitative nature of the question forces students to think about the concept
and not jump to equations right away, which is good!
6 No diagram so I have no idea what you're talking about. Not part of the

curriculum according to the BC Ministry of Education IRP (Instructional
Resource Package) for physics 11 or 12.

Table 3: Comments to conceptual multiple-choice questions submitted by teacher-
candidates

As the course progressed, teacher-candidates were gradually able to produce more
sophisticated questions (Figure 7). This was also clear from the peer rating of their
questions. They also learned to provide more meaningful constructive feedback to their
peers. This is an important skill for a teacher. At the same time, they learned to respond to
the feedback provided by their peers without being upset about it. Peer feedback and peer
collaboration became the backbone of the course. From our observations of teacher-
candidates during their school practicum, we could see that they were able to project their
views on the importance of peer collaboration to their own classrooms (Milner-Bolotin et
al,, 2013). Many of them chose to use Peer Instruction as one of the main pedagogies, even
though the author of the paper was not their faculty advisor and had no influence on their
practicum performance assessment. Moreover, a number of teacher-candidates asked the
author to come and observe their teaching and provide feedback on their implementation
of active engagement pedagogies, of which Peer Instruction was a big part.

Assume the Earth is an isolated system, and that a hole has been dug straight down to the centre of mass of the Earth where an object has been placed. In what direction is the force of gravity on
this object?

Alternatives

The contributor suggests A is the correct option

FIRST CONFIRMED
OPTION ALTERNATIVE ANSWERS ANSWERS
A In every direction with practically equal magnitude. _—
2(33.33%) 1(100.00%)
B In no direction at all, because there is no gravity here. f—

3(50.00%) 0 (0.00%)

c In the down-hole direction. -
1(16.67%) 0 (0.00%)

D In the up-hole direction 0(0.00%) 0 (0.00%)
(0.00% (0.00%

The following explanation has been provided relating to this question:

If there is mass anywhere nearby there must be a gravitiational attraction present, even if you can't feel it, so B must be wrong

An object placed at the centre of mass of the Earth will be affected by the gravitational attraction of all the mass of the Earth surrounding it. Since this mass is almost uniformly distributed around the
object, the force of gravity on the object will pull it in every direction nearly isotropically (uniformly in every direction) and the object is weightless, so A is correct

Because an object placed at the centre of mass of the Earth is weightless, both C and D are incorrect, but consider this: As the hole is being dug, i.e. as the object approaches the centre of mass of

the Earth, the net force of gravity on the object is in the down-hole direction, but there is also an upward component to the ferce of gravity on the object due to all the Earth's mass above it. The
effect is that the net downward force of gravity on the object decreases as the object approaches the centre of mass of the Earth

Figure 7: This question was produced by a teacher-candidate during the second month of
the course. It was answered by six people and generated nine comments.
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As every question in PeerWise is rated by peers, every teacher-candidate could see how
their peers evaluated their own contributions. This was also reflected by the badges earned
by teacher-candidates, as different course contributions were valued. For example, teacher
candidates were earning badges for being question authors, for answering questions,
providing critique, verifying somebody’s solution or explanation, helping peers, rating their
questions, etc.

PeerWise engagement happened mostly outside of class. Both the course instructor and the
Teaching Assistant read most of the questions and commented on them. This active
involvement of the instructor in the PeerWise community took considerable time and
effort, as the instructor answered (and often commented) to 466 questions designed by
teacher-candidates over the span of three months (which translated into 25 hours of
instructor’s time over the course of 13 weeks). However, it was invaluable for helping the
instructor prepare for class and make it as relevant and effective as possible. The instructor
could see where teacher-candidates struggled and even if not all problems could be
addressed in class, they were addressed on the one-on-one basis. It was often clear from
reviewing the questions designed by teacher-candidates that they held similar
misconceptions about their students. Many of these misconceptions were addressed in
class through either a theoretical discussion or through designing a relevant experiment
and collecting experimental evidence. Thus the instructor modeled how student conceptual
difficulties can be addressed while addressing the difficulties held by teacher-candidates.
For example, Logger Pro sensors and VideoAnalysis were used consistently to collect real
life data and test various theoretical predictions (Antimirova & Milner-Bolotin, 2009;
Milner-Bolotin, 2012; Vernier-Technology, 2014).

Lastly, an important pedagogical advantage of PeerWise question database for student-
teachers is that it can be accessed by teacher-candidates after the course is over. Thus, as a
result of the course they have produced a collection of more than half a thousand
conceptual physics questions that they can use in their own teaching. All the questions can
also be downloaded at the end of the course and shared with all of the teacher-candidates.

CONCLUSION

It has been long recognized that teacher-educators should practice in their methods
courses the pedagogies they would like teacher-candidates to enact in their own
classrooms (Grossman & McDonald, 2008). “Do as I say, and not as I do” philosophy is
especially dangerous in the teacher-education context. Thus teacher-candidates should be
provided with multiple opportunities to engage in “intensive, focused opportunities to
experiment with aspects of practise and then learn from that experience” (Grossman &
McDonald, 2008, p. 189-190). In order to prepare future teachers to engage their future
students in active technology-enhanced STEM learning, teacher education programs need
to provide teacher-candidates with opportunities to learn and practice these pedagogies in
their methods courses. This paper discussed a pilot implementation of PeerWise online
collaborative software in a Physics Methods course for prospective physics teachers. We
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have begun to uncover the potential of PeerWise in the context of STEM teacher
preparation. We have shown that PeerWise provides many valuable opportunities for
teacher-candidates to discuss the design of conceptual multiple-choice physics questions,
to provide feedback on the questions designed by their peers, and to practise the skills
crucial for STEM teaching. In the future we will investigate how PeerWise-enhanced
pedagogy can support specific elements of PCK of teacher-candidates, such as the
construction of their own conceptual physics understanding, their ability to identify and
address student conceptual difficulties, their willingness and ability to use questioning to
promote student-centered instruction in their own classrooms during the practicum. While
this study was explorative in nature, it revealed a number of potential applications of
educational technologies in STEM methods courses, such as using interactive technologies
(clickers) to see instantaneous feedback on student understanding, as well as collaborating
on creating STEM teaching resources. However, more systematic research should be done
in order to understand the impact of educational technologies on promoting Pedagogical
Content Knowledge of future STEM teachers
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