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At the outset of the activity, each student group should define the horizonta vertical .,

J
~. axiS Smce the aC3!vlty reqUIres 3-4 SIS ou surned th ach individual / Outcomes: ..

{' j)S~ has the same Vle?mt, but y must a~ee on the same defimtlOn fe oSltlve axes. The V"e ee:.r'J Jt\i activities were conducted in their entirety in my classroom With 93 Regents PhYSICS
~ce moves betw n eteE-sttcks on the honzontal axiS m. r .. r h,.,J. . studen(s across three sections containing 31 students each. Studenls were grouped pnmanly In~r negattve dlfect toy can lIted m tillS actIVIty to 0 -~ groups of four with a one group ofthree in each section. Two other teachers used the matenals

--""""""I""lS'"';p;;;;araJlelor perpendicular to the surface. !ne gfi(! IS useful In ventYmg the toys" r ~ to provide an interactive demonstration without the full worksheets with a total of 175 students
horizontal or vertical motion. lfthe toy deviates from straight line motion, the trial ShOUld~be~ ~ for the purpose of providing students with a visual activity for concurrent velocities. These
repeated. If a slight deviation is unavoidable due to a malfunctlon of the toy's mechalllsm, teachers continued to use the force table. lab to reinforce vectors. These actlvltles were not used}
students should make note on thelI data and move on. The fixed dry erase board and the " in either of these classes as an mtroduc1JOn but rather as a part of a Ulllt ~w. ~ ~ ./ r7, , V

movable grid must be clean and flat so as not to mterfere With the toys tunung mechamsm 01 - - . (l)~4" ,..' / '
--- I . Overall the activities kept the students engaged and students were actlvely q ~ C CU....

/. tudents must first detennine the average speed of the toy on idded surface. This } fie. e,K J., the predictions against the results. While students initially needed significant help wit t(It I:
value \ViII be used as reference throughout the lab. After several trials with me toy, student understanding the set-up ofthe materials and the vocabulary adapted quickly after some . iii;,. r;'" / >_ ,

should find a fixed dlstance reached while toy sttll m ed an ne the . cussion and examples. From .!!!X-vlewpomt the aCllvltles and the rearrangement of teaching , , "~'-""
ti . , a' . (This will vary dependin,$ on the type of h. seq nee achieved the objectives 1'Ilf which it was designed; to confront vector misconceptions at 1:'11">

In this discussion the toy will be referred to as a ladybug, "'Melt lias d/C'!try used n!'1I'!e C? ~ 0-the utset ofc.oncePt developmet This conclusion was corroborated by evidence from a f.'fj _
-......... .5 :A c on assessment on motion 'ven to the 268 students who bad exposure to the aCl1VI~. The ~ •

. . . . Z·er omOlon asses ent covered all peets of motion from constant velocity through m~
During the flIst phase of the actIvity students observe the addllJon of parallel ve. tors by e.~ I dlmensio, p ~ectiles. While 0 significant difference was noted between percent es of

moving the toy and paper III the same dIrectIOn and then compare WIth motion m °PPOSI g ~ (' J ' 7
jI /I ,," ~ ',.,'to ( w L..,~ . '1
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Students should practice several times with the equipment before they begin taki
Several actions need to be coordinated and every member of the group must be pre d to make
the appropriate measurements and recognize events which 1l!g lt ea 0 rror. errors e
recognized, sllIdents should repeat the scenario. Decisio s ma e by the gro p relating'~or~ measurement techniques. For example, a common point on the toy should be agreed upon for ra '"'-

U'" C detennining displacement of the ladybug relative to the grid and relative to the franle of ~
:~.. I-t He ( J-- reference. Students could select the front, tile wind up knob or the back feet as long as they

, ....e4 agree upon a conlinon reference. Strategies such as marking starting points sbould be decided
-/0. upon by each group. Each student should be assigned a role within the group. Here is a t>~. . d

possible division of tasks for a group of three students: ~

One student pulls paper at a constant speed (Ct.! ( J _ ')
One student times the motion '" r ~
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 I) the grid relative to the fixed frame 2) the ladybug toy
relative to the grid and 3) the lady bug relative to the fixed franle. This task could
be assigned to the student with the timer or a fourth group member if possible.

Students will then take measurements and record in the data tables provided for each scenario
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direction. In addition to collecting data and 0 erving the resultant motion, students are asked to \ \:"'y
translate infomlation into a graphical repre ntation of the components and the resultan,iX.. ~
(~questions #2 and 3). Students e led to make a conclusion about how the relative - If"
direction of motion impacts the size the resultant (Student question #4). ( ~ ~

Questions 5 througb ~I Iy to scenarios in which the components are perpendicular. t' Y
Two questions require stude to lIect data and analyze in a similar method as previously used vl ~ 1
with parallel vectors. It is im ortant to check student diagrams of head- to-tail or parallelogram • 01' \ •
addition to be celtain that the resultant drawn in the diagram matches the actual path of motion \ ~,

for the toy. r~'1../, ~ $C.,.,--t. ? \..e.""
At the initial s of this investigation, students are asked to make the horizontal and 1

vertical velocities simi! mgnitude. Several questions contained i~thill'll1on of the activity J
introduce the idea 0 e uali between the horizontal and vertical ~ or~er to ses he c,) .... (! I ~ ~
students' abi Ity to visualize the resultant angle based on the relat size of the co~nts. A
prediction stage is added during this step to encourage students tOoRl8 '8 eo) 8R8 p~ •sse~J4 r
-ftU18!icc with cqaaliohs and to assess studeiit abiMy to appl~easonin$ be1ft"@tHe 91J!atipps q l
l r~ ;".Clp~/':.,~ del/(! or?

.)" ( (''''At r a 'gnificant number of practice questions asking 1Udents to find the resultants • _ ->I ~ •

from the or ntal and vertical components it is advisable to change tile pattern. This ensures I r r
that students are able to identity 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.



After minimal instruction, students were able to successfully determine the horizontal and
vertical components of each vector without much difficulty. With guidance they were able to
detennine the total horizontal and total vertical displacement for the toys motion. Students easily
applied the Pythagorean Theorem to detennine the length of the hypotenuse but only a small
portion of students understood the significance of that step in detennining the overall resultant.
Equations involving the determination of the angle were introduced for the first time at this
point, so wllile many were able to manipulate and solve, students were not at a sta e at which
they could replicate e process. y mg the action of the toy to the resultant or hypotenuse 0

the triangle, the directionality of the horizontal and vertical components was intuitively
wlderstood in a way that is not as clear wh.eAtnted in a lecture format. When asked if the
horizontal component was positivlcl)efa~ ~dents were able to respond correctly with little
need for explanation. Only a hand~f students demonstrated any difficulty, which was easily
remedied by asking them to escnlJe the overall motion and then break it down into components.
Man stu e to explain correctly in the conclusio,r:'i"to~e
advance~ mQS1stud~ u:ailiJ!p"" i!!ili~duchlir(to vectors. (' oJ 1-/ ",t.

f'""'~
The idea that the sUlnmation 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 switching componept values from one croup in a random order of ~ V~C'11fI/Ic!-,
vectors was instructional. Some students tried to sneak a look at the partner groups diagram so r ....S"~
they could replicate the order and be the ones who get it right. Those students were completely

Ar1shocked to find that the order of addition is irrelevant to the outcome. V-
5"1. 0 J 1L l{ The final phase Of)J;eo~iVity~~ ~rgelY successful activity for introducing the Tl e1e.. J.J
e l +It ~ S~eference equations. Some gJrcfance was still required for identifYing variables to substi~e into
..., 'I J equations. Most students were able to recognize the difference bet\Veen the addition of parallel

fr ~ ;..,-r vectors and perpendicular vectors by the following day. More than half of the students were able
l ~ - to determine the resultant and angle based on horizontal and vertical components in a

It/24 1(I introductory problem the following day and during the first portion of "Activity Two: Lady bug

c~e.-r 11 - ?

I et:.1 '" \t'J"" ,~ •

/
incorrect answers for twelve of the twenty test items not r d to t¢' activities, the eight test
items that rei ated to vectors showe a significantly higher succe~ rate for students who
complet~d b th Activity One and Activlrrrwo as part of the introduction to non-accelerated
motion ( e Appendix C). Specific items from this assessment and item anal sis are 0

--=pwitllin t lis discussion. Overall e illcorrect response rate was consistent for a 8 i ms
suggesting that as a whole only a handful of students continued to show any sig Icant deficits
on vector skills. Upon further investigation many of the same students were represented within
the group who incorrectly answered these questions.

fcedback for Activity One: Lady Bug transit
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on a conveyor belt." In light of past experience with the force table, lab tllis activity was higWy
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.

_l 'V.) Activitv 2: Ladybug on a Conveyor Belt ~r, 7 At the outset of Activity Two students showed some frustra::M~e coordination of
j ~ the materials; but, tllis was quickly resolved with some individual i . or each group. J"
I _ J 1C I...... The nature of the data in this lab invites some error but is sufficient to demonstrate the majot/ 1)"1 ('}.

SVJ.:>\'t( -C" ideasto)illd'l~ts-l"'- &> ~ tnlJ<
~ L~~t •." I.,.)rv ( UUs,;:;!L i';he@t only to reinforce the idea of a vector but s

J .. '1 the idea of displacement, speed and velocity. Regular checks of llnderstanding~tical. As I
).t. 'f ~S walked around the room I beard many conversations in which students were actively working '17 l-
II .,.'.. througb the difference between the idea of displacement and velocity. In several cases I needed [~~
,.~ \t ~ to work Wlth sllidents on the dlfference bet\Veen the two values ThlS was a very JIlstructlOnal --r:. re.

(0 1""--- moment for me The difference between the ldea of distance and speed seems Imphcl ever I (,,,,,

~ r ). students needed to engage III a diSCUSSionabout the difference between the distance tr veled and I(fqS'~,00 -(\ -t"'~e rate of travel before they were ablc;.to proceejj With the worksheet and budd vecto skill
\"\,)J- ... ~"'frir~tI ~lC'pe;,'f>#fce In)~ et . .t:0 The aCtIvlty proVided a useful for student/to estabhshin a mo ., r"} t,1---t-:...(
0\ • • diSCUSSIOns The method I used to u nts understand the Idea of reference frame was to

'V\ (. \ACj qUery students as to what would be obse ed rom various view points. Examples of queriese . included: "what would lady bug moving parall the vertical path to the first ladybug
t\ Or ~¢. \ observe?"; "what would a ladybug moving only due t orizontal motion of the paper
v <7 If- ./ observe?"; and "how are these motions different from a lady bug from a completely
<l / fIxed position near the starting point?". Each of these could be directly observed t rou E?<cP L1L!7

demonstration. After adequate discussion students were able to explain the role of frame of ~
reference in determinin~ thernagnl.tud~d direction of the resultant. J s--::9--

fl c.1,v, 7 -(4-10 c...a tH
The first part of ~ deaCwith the parallel velocities. Students" tasked with

detel111ining the resultant displacemen~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

~

a critical for students who struggle with presentations of vectors added at different angle!{
e Appendix C; June 2008, #38 or June 2010, #2). Most students at this stage ofleaming

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 fra.mes 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 majority of students were :fule to J
visualize the situation. I" ~I + J ~

t t •J. '\ "V. I
The ultimate goal oft~ was for students to recognize the concurrent nature of ~ j) ..1

the components and to visualize both parallel and perpendicular vectors. It was particularly ~ .> ~
rewarding to observe the conceptual connection made when students explored perpendicular ...., ~ I;J"j~( ol 7
~ This was the first time students showea a true recognition of the idea that a single I 0 ~ I.

object was experiencing two different velocitieS in such a short period of time. In past years~ ,
have been forced to move on from projectile motion without evidence of mastery because of ~
timc 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, I j •
this is the flIst time that students seemed to be able to verbalize th.tiqs,to me rather than nod r~
with val,'lIe recognition. This realization is an important idea to establis~g a $ ~ re f) r
discussion of projectiles. -/-l> It"l~ ~..S J..'"' -If d:s C O...} ~

T - I,'.~c.Once students established the idea for independence of horizontal and vertical motion, \I e r '

they moved quickly through the phase of the activitx, in which the horizontal velocity vector was 5..t.1- ~

changed in order to detemline the impact on angle of motion. This provided an important :>1 t.f
framework for many subsequent vector skills. After this activity I was able to introduce the idea ,....,. •

Jonnitial veloClIY components for objects launched at angle without progressing the projectile $(\~L,.stl
~ phase after launch. By the time we addressed projectile motion several weeks later, students had V •
s!gllificant practice with two dimen ional vectors and some of the difficulty separating the two..,.. . 1
tasks was be minimized. 1,)"" r eS lJ.e- c) •

5. The common assessment question that best represented thi~ll asked students to fmd d1) f)

<:e.~~rizontal component of a ball launched at an angle. Only 400 . es were -A
unable to correctly set up the equation and solve compared %15 r the lar 'er ITO The ~ t) I , c.('
follow up question which required detennining the height 0 rojectile had a success rate /
consistent with the other classes. This question is not related to the activity so it is not ite1.. ()

analyzed in Appendix C. ~ 1> tI i- tJ4...;o &i SSol$r-...r ,k"t]"

In classes where teachers had completed significant instruction prior to the activity,
te~hers reported that the greatest impact occurred for students who had struggled with
visualizing problems up to this point. One teacher commented that one group of students
exclaimed "Now I gtljt!" This was not the response of the sanle students after the F.orce Table /J

~ The er useful feedback from one colleague was that the activity set the stage for the \)-\4 ~
discus' n of the independence of horizontal and vertical com onents. During the activity,
stu s conclude a e v Ie motIOn of the bug was not affected by the horizontal motion

,",~'''' "rr~, '""""'''e "'"r-"""'"'..,wi, .n,,,," ",'rn" '"
7 rrr~_f tk vvJJj~eJe/J... tJ--

I -fly.. ~ .<t/- .,J ) ,t;t;:<t- ~

s~

develop the idea of two lings hap ning simultaneously to a single object. Tbe other teacher
stated that tllis visual t nslated e ily to the independence of horizontal and vertical motion for a
two dimensional projec . .., /. ) :J

'(" l.I.
For each scenario students were tasked to create vector diagranwased on data and

observations. The connection between the observed m~n of the toy'al'td the task of drawing
the vector diagram illustrated clearly for students the directionality of the resultant vector. In 1'1 L.?
five years of ex erience with the Regents Physics course le mo ate I \.- - c J~"".
havc ound to tcach stpdepts bmy tp draw Of identjDr a rcs"ltapt vector ysin~eitber the tip-to-tail
or parallelogram method of vector addition. In past years, a small portion of students f.
demonstrated great difficulty with this seemingly simple task. Despite the arrows on the V"IC ~c.
components they would draw a line to complete the triangle and arbitrarily assign a direction. ~ (

I'()S '"-

For my students, assessments of this skill from tests and quizzes when compared to prior
years showed a significant improvement in mastery early on in the unit. This data comes from
recorded skill checkli ific uestion item analysIs. Tests",
varle year to year and even within the class. cone us IOn was er e
comparison 0 a questIOn a common assessment given to 268
students the conclusion of the flIst academic quarter. e ques Ion asked udents to ~ )
resultan 0 completed '1)' with the f F-
worksheet had a four percent incorrect response. By contrast the 175 udents wh were exposed ~~
to the activity by demonstration or as just a quick visual reinforcem t had a 13 per ent~t
response rate. The 4% of the students who got this question wron drew an arrow tween the
tips. The larger group made a similar error but at a much higher ra The cOl on assessment ~
was given a month after the activity was completed, s~ggesting a high eve of student 7n. 7"~

When queried about the reason for an incorrect response, students who " .. - =----
understanding would often reflect on the activity as an explanation for a corre e
the resultant vector. A similar problem was presented in quiz given only to e 93 s
had completed the activity; however, in this problem the vectors were sho tip to t The rate
of incorrect responses for tllis scenario was also minimal but in that case the h as drawn
correctly in all but one case. An additional 4 students did not include an arrow on the resultant
vector.

Conclusions: r'
'1

After introducing the lady bug activity on the moving grid, I developed a new
appreciation for the difficulty pri~tudents 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 Ij/J-) ..

visualizing two dimensional velocity problems. Vectors and vector arithmetic are crucial sI8"lls



(

k

\:;';;'rt.J k~ ~
Introduction to Vect Iors 17 Introduction to Vectors I lt1

for a successful physics student. The lite ture supports my personal fmding that students find
vectors very challenging and that more ins! ctional time and care must be devoted to developing
student understanding. The background litera e on how students learn vectors and student
level of understanding contains many conclusio that instructors at the college and high school
level do not realize how much difficulty students ve with learning vector~hafer and
McDennott, 2005; Knight, 1995; Nguyen and Mel r, 2002; Arons, 1997).

Student Preconceptions about Vector Kinematics. The Physics Teacher, 26,

AgUirre, J., & Rankin, G. (1989). College students' conceptions about vector kinematics.
Physics Education, 24, 290-294.

While some teachers may in fact gloss over sot\.e concepts mistakenly assllllling the ideBft IL.o> rJ-

to be implicit un~I~~~il:e::::::in fact Attem t to addr fA "t~ vl)oJ
. • f" ./!I;;rr«. !" h f " •• ./preconceptIOns r .. n my oplmon any teac ers are very aWaJe 0 '.

f
. . . 19ft", ..the degree 0 difficulty student encounter when leaJllmg vectors, but lack ofltme and effecltve "

tools minimize the number of students who will reach mastery of these skills. A conunonly held ,t ~

view is that vectors are simply "over the heads" of students. Additionally, planning adequate ~ t.C.,
curricular time for this introduction strategy is difficult but necessary for future skills. One of h 1-'
the difficulties in convincing teachers to expand time spent on vector quantities is the seemingly 0 ()
minimal treahnent of complex vector problems on the New York State Regents; however, vector b lilf~
skills underlie a number of questions that might be categorized under a different topic. More .6 - ' -e ;
investigation would be needed to find out whether student difficulty with some of these concep~ ~ v. "' •
arises from a lack of vector knowledge, a lack of understanding of the specific concept or a II oJ CAl<.,'" 1~a..
combination of both. t!> ~. Oft,,: 4-..1 Q)" )

Despite the challenges with equipment manipulation posed by these activities, both were , ~ ret>ll.~/.
very effective tools for developing both vector understanding and vector computation skills. '-----<.

S' b '\ Students often referred back to the activities when explaining answers in subsequent drill /' •
J exercises demonstrating that they served the intended role ofa highly visual set of touchstone (\: J

~ activities. With each new addition of a vector quantity throughout the curriculum, thought must \. r
a e,f,,'vt eJ be given to how students visualize the combination of the new vectors quantity, butt ch:::e:-__ -.

\... characteristics of vectors presented in this unit can be applied. A bigher fun' skill level -Jccl. ell t .., lith vectors from the outset allows students to focus on new challenges while perfecting existing r-~ £..

~ ~ r ills rather than making students feel overwhelmed by the com oundin e -r"""_ ~
~..e.rt~ I I _ J s~..~-?t~As~~efr:~~dr \lvr-- ~'. 1~'1;
J t oJorT o~--L ~ 4 r#1 ~/'.r

11(yr ;J:)
~~~
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Procedure: Map the path of the wind-up toy as it moves aronnd the board.

A. Assign directions on the board representing the directions of +x, -x, +y and -y

B. Fully wind the "Never Fall" ladybng and place at a location on the dry erase board.
Never Fall Wind-up toy pricing remeved from http://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. Each 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)]

D. Label each vector with a letter.
How do I reference the many REGENTSEXAMS Included in the APPENDIX and throughout the

document? t ..cJ~;A:nrm
() (lL IJfi.

, A ~ -:;Jj ~ Jl,.
~.

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

Horizontal X Vertical Y

A

B

C
0

E
L L

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

G. Create a mangle using the total horizontal and vertical components from the table (Draw
in the space below, horizontal flIst). Using your knowledge of geometry and
mgonometry, 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?

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

pointing toward the end point. This line is called the resultant.
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