Students should practice several times with the equipment before they begin taki

recognized, students should repeat the scenario. DecisionS STOUId bE made by the grodp relating

¢ 1 oy measurement techniques. For example, a common point on the toy should be agreed upon for (,s (7] iy
vn determining displacement of the ladybug relative to the grid and relative to the frame of
"= "l 144 reference. Students could select the front, the wind up knob or the back feet as long as they '4 )
N e € agree upon a common reference. Strategies such as marking starting points should be decided
7 upon by each group. Each student should be assigned a role within the group. Here isa

possible division of tasks for a group of three students:

One student pulls paper at a constant speed

- One student times the motion

- One student winds the ladybug, releases the ladybug and stops the ladybug. This
individual is responsible for clearly communicating start and stop to the other
members of the group.
At the conclusion, one student should use a dry erase marker to indicate each of the
following end points 1) the grid relative to the fixed frame 2) the ladybug toy
relative to the grid and 3) the lady bug relative to the fixed frame. This task could 4
be assigned to the student with the timer or a fourth group member if possible.

b
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Students will then take measurements and record in the data tables provided for each scenario

ol

o1 ce mT)ves betw
L} PITE mited in this activity to
erul in verifying the toys ‘
horizontal or vertical motion. If the toy deviates from straight line motion, the trial should b

repeated. If a slight deviation is unavoidable due to a malfunction of the toy’s mechanism,
students should make note on their data and move on. The fixed dry erase board and the
movable grid must be clean and flat so as not to interfere with the toys turning mechanism
,-.___,

/Stmgrst determine the average speed of the toy on idded surface. This

value will be used as reference throughout the lab. After several trials with the toy, student
should ﬁnd a ﬁxed distance reached while toy still maiatatns

otions parallel or perpendicular to the surface €
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During the first phase of the activity students observe the addition of parallel veytors by
moving the toy and paper in the same direction and then compare with motion in opposihg
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‘l.seq kence achieved the objectives 10t which it was designed; to confront vector misconceptions at £ oy
Y L{ P Y
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direction. In addition to collecting data and obéerving the resultant motion, students are asked to
translate information into a graphical reprgséntation of the components and the resultanf

(Semdeat questions #2 and 3). Students afe led to make a conclusion about how the relative w"
direction of motion impacts the size of the resultant (Student question #4).

Two questions require stude: ollect data and analyze in a similar method as previously used Ve
with parallel vectors. It is important to check student diagrams of head-to-tail or parallelogram
addition to be certain that the resultant drawn in the diagram matches the actual path of motion ‘ s &

for the toy. rg.))h/} 4«1—4. S L 7

At the initial siage#/0f this investigation, students are asked to make the horizontal and
vertical velocities a arynagnitude. Several questions comamed Ji t}u on of the activity
introduce the ided ol ticquality between the horizontal and vertical 11“ order 0 @the JAae / €er

students’ ability to visualize the resultant angle based on the relatfv® size of the cofhponents. A
predxcnon stage is added during this step to encourage students t

Questions 5 through 11 I ’ily to scenarios in which the components are perpendicular. S Y

(3 XYa
to app]y\(easomn behmd-the-equannns. “ss 5}
ind€e deve 7
on { fug f€r a dignificant number of practice questions asking dents to find the resultants S g P €
from the ntal and vertical components it is advisable to change the pattern. This ensures ¢
p 8 p

that students are able to identify the variables and apply the concepts rather than just plug in
values and solve. Questions 12-14 require students to apply the same set of equations that have

been used throughout the lab but in with different input values.
Outcomes:

n)]ﬁ activities were conducted in their entirety in my classroom with 93 Regents Physics

studenfs across three sections containing 31 students each. Students were grouped primarily in

groups of four with a one group of three in each section. Two other teachers used the materials

to provide an interactive demonstration without the full worksheets with a total of 175 students

for the purpose of providing students with a visual activity for concurrent velocities. These

teachers continued to use the force table lab to reinforce vectors. These activities were not used

in either of these classes as an introduction but rather as a part of a umt Teview. ’B vL 9V

—
Overall the activities kept the students engaged and students were actlvely qmﬁﬂd C / Qloty
the predictions against the results. While students initially needed significant help wit « ;I 1
understanding the set-up of the materials and the vocabulary adapted quickly after some Qrd§5 y
digcussion and examples. From Lnl_wewpomt the activities and the rearrangement of teaching ¢ 'l“ L ’J 4¢Ak

d p~

The 7L' %é(

the putset of concept developme This conclusion was corroborated by evidence from a
iven to the 268 students who had exposure to the activity.
ent covered all I‘JPECfS of motion from constant velocity through tw

o significant difference was noted between percentages of
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incorrect answers for twelve of the twenty test items not related to th€ activities, the eight test
items that related to vectors showed a significantly higher success rate for students who
completed both Activity One and Activiff Two as part of the introduction to non-accelerated
motion (f/ Appendix C). Specific items from this assessment and item analysis are o

within this discussion. OverallThe incorrect response rate was consistent for a@dms
suggesting that as a whole only a handful of students continued to show any sigffficant deficits
on vector skills. Upon further investigation many of the same students were represented within
the group who incorrectly answered these questions.

Q;AZ?

Feedback for Activity One: Lady Bug transit

After minimal instruction, students were able to successfully determine the hon’zontal and

vertical components of each vector without much difficulty. With guidance they were able to

determine the total horizontal and total vertical displacement for the toys motion. Students easily f + \‘)
applied the Pythagorean Theorem to determine the length of the hypotenuse but only a small \5
portion of students understood the significance of that step in determining the overall resultant. o 0 had

Equations involving the determination of the angle were introduced for the first time at this
point, so while many were able to manipulate and solve, students were not at a stage at which
they could replicate TIFE process. By tying the action of the toy to the resultant or hypotenuse of
" the triangle, the directionality of the horizontal and vertical components was intuitively
understood in a way that is not as clear wh efented in a lecture format. When asked if the
horizontal component was positiveg ve students were able to respond correctly with little
need for explanation. Only a handful of students demonstrated any difficulty, which was easily

remedied by asking them To_describe the overall motion and then break it down into components.

[ac/'b\- .

5”9

§})°qu/

sk (ZJQ

%LZ&Z”

/ec,f "

Many studen ¢ to explain correctly in the conclusio@o ° ¢ is i €

advmced}wfwmmwmduc fi to vectors. (3 , é~ /Q,L
rm

The idea that the summation of the horizontal and vertical components of the motion was
equal to the horizontal and vertical components of the resultant displacement was retained by
many but not all students as we proceeded through other stages of concept development. Even
though students were instructed during the introduction that the order of vectors does not impact /
the resultant, the process of swi up in a random or f&Y2¢l/ ee ~~
vectors was instructional. Some students tried to sneak a look at the partner groups diagram so r ’;"""C\
they could replicate the order and be the ones who get it right. Those students were completely
shocked to find that the order of addition is irrelevant to the outcome.

The final phase oﬁhe-_eglvnyawas :i:lrgely successful activity for introducing tllev’z eie“ l;
> ‘C_r_eference equations. Some gufdance was still required for identifying variables to substifute into
equations. Most students were able to recognize the difference between the addition of paratlel
vectors and perpendicular vectors by the following day. More than half of the students were able
to determine the resultant and angle based on horizontal and vertical components in a
introductory problem the following day and during the first portion of “Activity Two: Lady bug

fo2
Hhis

e ?*

5

ﬂuwﬁ“‘“‘

on a conveyor belt.” In light of past experience with the force table, lab this activity was highly
successful despite the fact that students did not all achieve mastery at this point. A higher
number than in previous years demonstrated a functional skill level as evidenced by test
outcomes.

Activity 2: Ladybug on a Conveyor Belt

At the outset of Activity Two students showed some frustration wﬁ‘ the coordination of
the materials; but, this was quickly resolved with some individual i or each group. J P
The nature of the data in this lab invites some error but is sufficient to demonstrate the major,) L% €e
rest

ideas to nts.
¢ 2 1, T2
P T . .
_b;;.wﬁm;se@ot only to reinforce the idea of M
the idea of displacement, speed and velocity. Regular checks of understanding@tical. As 1
?C b
7 fare

/ fase
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walked around the room I heard many conversations in which students were actively working
through the difference between the idea of displacement and velocity. In several cases I needed
to work with students on the difference between the two values, This was a very instructional

Share € xpll«Cace
The activity provided a useful for studentd'to establishing a model for futur tag ‘)‘4&#\ ()
discussions. _The method I used to udents understand the idea of reference frame was to

fixed posmon near the starting point?”. Each of these could be directly observed throw
demonstration. After adequate discussion students were able to explain the role of frame of
reference in determining the,magnjtude gnd direction of the resultant.

QP#¢Ve -%u o )

The first part of Wy deaﬁvxth the parallel velocities. Students g tasked with
determining the resultant displacemenEmmT velocity of the ladybug toy if both the lady bug and
the paper are moving in the same direction. Students recognize quickly that the displacement of
the paper with respect to the frame of reference and the displacement of the lady bug on the grid
add to equal the total displacement of the bug relative the fixed frame of reference.

In past years, I hadn’t explicitly discussed frame of reference with students; however,
after completing this activity with the students I realized that the concept of frame of reference
wagcritical for students who struggle with presentations of vectors added at different angles ,(

e Appendix C; June 2008, #38 or June 2010, #2 ). Most students at this stage of learning
needed to understand the difference between the ladybug’s motion relative to grid and the
ladybug’s motion relative to the fixed frame. In subsequent lessons, I was careful to provide
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scenarios which considered frames of reference for students such as person moving on an
escalator or moving sidewalk. I attribute the high success rate of students on this type of
problem on the common assessment (Appendix C) to the added focus on frame of reference.
Given enough practice problems with a frame of reference, the majoritymble to

visualize the situation. _‘_
“e
The ultimate goal of ti was for students to recognize the concurrent nature of

the components and to visualize both parallel and perpendicular vectors. It was particularly 1=

rewarding to observe the conceptual connection made when students explored perpendlcular
W_Thls was the first time students showed a true recognition of the idea that a smgle
object was experiencing two different veloc1tm time. In past yea:s
have been forced to move on from projectile motion without evidence of mastery because of
time constraints. The resultant displacement and the resultant velocity were represented by the
actual path of the toy. While this is a statement that I make frequently in relation to projectiles,
this is the first time that students seemed to be able to verbalize the idea to me rather than nod

c‘z‘- ;‘

"‘\

L\NJ l

157

with vague recognition. This reahzanon is an important idea to establish before beginning a $ ® f5€ oC
discussion of projectiles. ?_‘ e.s I"ﬂ .E. d sC oY
Once students established the idea for independence of honzontal and vertical motion, v er L‘
they moved quickly through the phase of the activity in which the horizontal velocity vector was ‘ g
changed in order to determine the impact on angle of motion. This provided an important m of ﬁ

framework for many subsequent vector skills. After this activity I was able to introduce the idea
{' of initial velooTty components for objects launched at angle without progressing the projectile
P

hase after launch. By the time we addressed projectile motion several weeks later, students had
sxgmﬁcant practice with two dlmenz‘lonal vectors and some of the dlf‘ﬁculty separating the two

tasks was be minimized. Un r (S
—————,

horizontal component of a ball launched at an angle. Only 49

es were
unable to correctly set up the equation and solve compared tg group, The &= 7 IR} c,(
follow up question which required determining the height of & projectile had a success rate

consistent with the other classes. This question is not related to the activity so it is not ite
analyzed in Appendix C. [\ pv - M_‘;‘ &5 Cgs',\_‘f , # Ws

In classes where teachers had completed significant instruction prior to the activity,

<ﬂ‘(\ The common assessment question that best represented thf;aqll asked studems to find
e

P
"WJ; D teachers reported that the greatest impact occurred for students who had struggled with

HW'

VQT‘Q

visualizing problems up to this point. One teacher commented that one group of students
exclaimed “Now I getit!” This was not the response of the same students after the Force Table

chﬂ'—a,

Lab. Theother useful feedback from one colleague was that the activity set the stage % for the the
discusgih of the mdependence of horizontal and vertical components. During the activity,

ical motion of the bug was not affected by the horizontal motion
the gndded surface Introducing two ate axes in this scenario allowed students to

? W qU«« M»M ,c/l

qL‘A‘ 7 { 6(&‘)"% 3 r
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develop the idea of two fhings happening simultaneously to a single object. The other teacher
stated that this visual trhnslated egéily to the independence of horizontal and vertical motion for a
two dimensional projechlg 4 2
@),
For each scenario students were tasked to create vector diagr: ased on data and
observations. The connection between the observed motion of the toy‘and the task of drawing
the vector diagram illustrated clearly for students the directionality of the resultant vector. In L .2
0 o Clu3/e

five years of experience with the Regents Physics course, this s the most effective strategy I
have Tound to te r identj ing either the tip-to-tail

or parallelogram method of vector addition. In past years, a small portion of students
demonstrated great difficulty with this seemingly simple task. Despite the arrows on the Ve /l“

components they would draw a line to complete the triangle and arbitrarily assign a direction.
Nes

For my students, assessments of this skill from tests and quizzes when compared to prior
years showed a significant i improvemem in mastery early on in the unit. This data comes from

recorded skill checkli ific question itefll analysis. Tests a.\ Ua 0&0.
varied year to year and even within the class. conclusion was eT e ! t
comparison Q i e
dJ&Qa
qty with the v K

the conclusion of the first academic quarter
Thal2

il=toutail oo LI

was given a month after the activity was completed, suggestmg a high level of studen;ymn

When queried about the reason for an incorrect response, students who level of
understanding would often reflect on the activity as an explanation for a corregte rection of
the resultant vector. A similar problem was presented in quiz given only to tile 93 stiidents who
had completed the activity; however, in this problem the vectors were shownltip to tgll. The rate
of incorrect responses for this scenario was also minimal but in that case the lifeWas drawn
correctly in all but one case. An additional 4 students did not include an arrow on the resultant
vector.

Conclusions:

After introducing the lad;‘bug activity on the moving grid, I developed a new
appreciation for the difficulty prm%/studems experienced when attempting to connect
observations from the force table lab to motion problems. Force tables do not encourage
students to confront preconceptions involving frame of reference or help students develop the
characteristics of vector quantities. Understanding the frame of reference is critical to gh -
visualizing two dimensional velocity problems. Vectors and vector arithmetic are crucial skills

ks
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for a successful physics student. The liteXature supports my personal finding that students find
vectors very challenging and that more instiyctional time and care must be devoted to developing
student understanding. The background literayre on how students leamn vectors and student
level of understanding contains many conclusion that instructors at the college and high school
level do not realize how much difficulty students gve with learning vector§g Shafer and
McDermott, 2005; Knight, 1995; Nguyen and Meltzgr, 2002; Arons, 1997).

While some teachers may in fact gloss over soiNe concepts mistakenly assuming the idea;‘
to be implicit und: r_sta;lfi‘ings, il‘n}" tc;_a%he'rs do in fact attempt to addr
preconceptions rgeréwce' i In my opinion jifany teachers are very aware of
the degree of difficulty student encounter when learning vectors, but lack of time and effective
tools minimize the number of students who will reach mastery of these skills. A commonly held
view is that vectors are simply “over the heads” of students. Additionally, planning adequate
curricular time for this introduction strategy is difficult but necessary for future skills. One of
the difficulties in convincing teachers to expand time spent on vector quantities is the seemingly
minimal treatment of complex vector problems on the New York State Regents; however, vector
skills underlie a number of questions that might be categorized under a different topic. More
investigation would be needed to find out whether student difficulty with some of these concept:
arises from a lack of vector knowledge, a lack of understanding of the specific concept or a
combination of both. ¢& &_ .

Despite the challenges with equipment manipulation posed by these activities, both were
very effective tools for developing both vector understanding and vector computation skills.
Students often referred back to the activities when explaining answers in subsequent dritl
exercises demonstrating that they served the intended role of a highly visual set of touchstone
activities. With each new addition of a vector quantity throughout the curriculum, thought must
be given to how students visualize the combination of the new vectors quantity, but the
characteristics of vectors presented in this unit can be applied. A higher funet skill level

ith vectors from the outset allows students to focus on new challenges while perfecting existing
ills rather than making students feel overwhelmed by the compounding ¢

r.‘ ‘c" )
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Activity One - Student Worksheet: Intreduction to Vector
Vandegrift, G. (2008). “The River Needs a Cork.” The Physics Teacher, 46, 440. Components

Zollman, D, (1981). “A Quantitative Demonstration of Relative Velocities.” The Physics Procedure: Map the path of the wind-up toy as it moves around the board.

Teacher, January, p. 44 o . s
A. Assign directions on the board representing the directions of +x, -x, +y and -y

Widmark, S. (1998). “Vector treasure hunt.” The Physics Teacher. 36,319 . .
B. Fully wind the “Never Fall” ladybug and place at a location on the dry erase board.

Never Fall Wind-up toy pricing retrieved from hitp://www.officeplayground.com/Wind-Up-

Toys-C35.aspx . September 2011, C. Trace the motion with a dry erase marker. Use an arrow to indicate the direction of the

toy. Bach line is a vector. [Optional: Copy the motion of the toy onto a piece of graph

paper indicating scale of original grid in centimenters (ie, 1 block equals)]
How do | reference the many REGENTS EXAMS Included in the APPENDIX and throughout the

document? D. Label each vector with a letter.
»~

E. Determine the horizontal and vertical component of each vector by counting grid blocks.
Note the sign of each motion according to grid set-up in Step A. Record in table

5‘ X provided below.
¢ r_é: ) ZQ
2 Horizontal X Vertical Y

Py 4

m|ig|oO|w| >

i 2

F. Determine the total horizontal and vertical components by finding the sum of each
column.

G. Create a triangle using the total horizontal and vertical components from the table (Draw
in the space below, horizontal first). Using your knowledge of geometry and
trigonometry, what is the length of the hypotenuse of the triangle? What is the angle
between the hypotenuse and the horizontal component? Based on the X and Y values, in
what quadrant is this vector?

H. Draw a line from the start point to the end point of the ladybug motion with an arrow

Appendix A: pointing toward the end point. This line is called the resultant.
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