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Pupil best learn mathematics and science by doiathematics and science. Practi-
cal investigation work is part of this job. For $hipupils need to develop a broad
range of skills that includes amongst others askjaogd questions, connecting a real
world phenomenon with the world of mathematics a@otence, setting up an

investigation or experiment, and collecting, re@mtsng, analysing, and interpreting

information. In this paper we report on a classroexperiment in which pupils in

pre-vocational secondary education develop and gwasuch skills by carrying out a
small investigation task using digital video teclugy.

IMPRESSION OF PUPILS’ WORK

Pupils in the third year of the theoretic
learning pathway in pre-vocational ed
cation (age 14/15 yrs.) work in teams ¢
recording a video clip about a subject
their own choice. They use things th
they brought from home, direct their we
cams, put the video software VirtualD
(wwwe.virtualdub.org) in capture mod
and ... go ahead and shoot a video ¢
Darts, paper airplanes, rope-skippin
bouncing balls, handstand, balloons,
Many things happen in- and outside t
classroom.

Hereafter comes the excitement a
stress of watching the recorded video ¢
and making sense of it. A lot of questio
are raised: what has come of the vid
clip? What are interesting points in t
video clip to focus on? Are there angl
or distances to measure, or timings
events to make that reveal an interest
aspect of the recorded motion? What do

graphs that present information about various d@spedhe motion look like? For this
kind of small investigations we have used the camplearning environment Coach
[Heck, 2002]. Pupils print the graphs that they éndound, annotate their diagrams
with a short explanation, and hand this paper ieresproduct of their work.



SETTINGS AND OBJECTIVES OF THE PROJECT

We gave an impression of the video measuremenegrthat has been included in
the examination programme of the VMBO-TL3 classetha Bonhoeffer College in
Castricum, the Netherlands. VMBO is an acronym gog-vocational education. It
was introduced in 1999 as education for practicaltlined students following their
primary education. It takes four years of study aixtly percent of secondary school
students in the Netherlands participate in thietgp education. Pupils passing the
examination may go on to senior vocational edunatod prepare for a particular
profession. Our study took place with pupils in theoretical learning pathway (TL),
which prepares them for middle management anddoorgdary vocational training,
or for senior general secondary education. Becanss®y schools struggle in the theo-
retical learning pathway with the motivation of gapwith the pupils’ orientation on
the vocational sectors, with their preparationdnisr vocational school, and with the
downfall in figures of pupils moving to senior gealeeducation, the public demand
for educational reform has grown enormously, tlghtrito exist is disputed, and the
cry for reintroduction of its predecessor, junia@ngral secondary education, as a
school type separated from pre-vocational educai@onbe heard more frequently.

There exists undoubtedly some contradiction betwe®enational education’ and
‘theoretical learning pathway’. In general, we netia tendency to keep a tight hand
on pupils in the classroom as the only way to nalkals learn anything. Clarity and
discipline in classroom activities are the key wgortlow appropriate such an ap-
proach may be in itself, it can also lead to aagitun that practical investigative work
by pupils, which is essential in science educati®ffered in the same closed, fixed
manner as theory. This is a pity because learmndding and through lab work will
have much more appeal for pupils than theory lesson it will stimulate them to put
more efforts in their learning.

We think it is well possible to entice VMBO-TL pugpwith practical work to a more
active, self-responsible, and self-controlled wéiearning. But this will only work if
enough time is reserved for practical work, say-thiel of the instruction time. The
new orientation of the Ministry of Education, Cuktuand Science on secondary edu-
cation, written down in [van der Hoeven, 2004],eo$f opportunities for schools to
take up such an approach. However, it also presgspthat we have answers to
guestions such as “How open can a task be for Ti8lg? With how much response-
bility can they deal and when must a teacher bsilngcture to the activities in the
classroom?”. Such questions can only be answeredgh classroom experiments at
schools. This classroom study is one of suchraxeats.

Eighty pupils in three classes in the theoretiealhing pathway have done the video
measurement project in the study year 2003/2004. Jipils did not have much
experience with Coach: they had seen it before igethe teacher and they had
occasionally carried out themselves measuremerits seinsors. A school network



with sufficient computers and a well-equipped sceefab are available at school. At
the time of the project, five web cams were avd@and a teaching assistant helped
the pupils, if needed. The project work was doneleanthe responsibility and
guidance of the pupils’ own physics teacher. Tihveeee three teachers with different
backgrounds involved: one of the teachers, whdsis the first author of this paper,
was experienced in video measurement activitieatiAer teacher was familiar with
computer supported lab work and demonstration éxgets, but had not used video
before. The third teacher had hardly experiench ®bach and acted more as a fast-
follower. The most experienced teacher started withject and the other teachers
followed in their classes, taking advantage of firs findings. We will discuss the
consequences for the pupils’ activities and resultee classrooms.

The main objective of this project is to let pupksry out a short investigation on a
self-chosen motion, at their own educational levidley can show an exploring
attitude and adequate practical skills. This comeehe preparation, implementation,
and completion of the investigation, as well as@iff/e collection, processing, and
presentation of data that are obtained from setienadeo clips.

Putting the video measurement project into the éxaton programme is a sign of a
high level of ambition of the team of teachers witthe theoretical pathway at the
Bonhoeffer College. Other teachers may find itaoabitious. This is why the pupils’
activities and their results have been monitoreavel$ as possible, in order to find
answers to the following questions: Are VMBO-TL3pia able to deal with the open
task given to them and what performances are tummeddas the recording of the
video-clips by pupils themselves additional valae should one use prepared video
clips instead? Does the investment of time and ggnestill bring pupils some
understanding of mathematics and science? How cin@dnstructional setting be
improved to advance the smooth running of thingstaroptimize the pupils’ results?

DESIGN AND IMPLEMENTATION OF THE LESSONS

We describe the design of the pupils’ project wevkjch was planned for five lesson
hours of forty-five minutes, and we describe how tissons actually went in the
classroom of the most experienced teacher.

Lesson 1. Introduction to capturing and measurirtgg clips

At the start, the teacher explains what the lessabout and what the goals of the
project are. He gives a live demonstration of ushegsoftware VirtualDub to capture

a video clip with a web cam. There are many tedlities and things to take into

account, but the idea of the demonstration is tiwstihat any pupil is able to do this
as well; it is not only for whizkids. The secondhd, pupils make their own class
notes. They are expected to rely on their own natasn it is their turn to capture a
video clip; no manual is provided. Next, it is ttuen of two pupils to capture a video



in front of the class. If all goes well, it givdsetentire class the feeling that they will
have success, too.
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Figure 1. Sample video activity of a toddler on a slide iplayground.

This recording of video clips does not take morantialf an hour. So there is still

some time left to practise measuring on a vidgo. défter a short demonstration, the
pupils can practise with video activities that haveen prepared for this purpose
(pupils only have to trace a point by mouse cligkithe measurement settings and
diagrams are preset). It is important that the samileo activities are appealing. A

great success (especially with the girls) was thevisy of a toddler on a slide in the

playground (see Figure 1 above). Video clips witweet toddler are more effective
than video clips that are undoubtedly oriented tolwgohysics, such as movies of
falling balls, collision of balls, or air cushionoton of objects.

Lesson 2. How to make a useful video clip
Pupils are provided five video clips in which :f«‘m- 7,
something has gone wrong with the capturing ; .1 g ; ]
(see the example to the right). They must ansy . (| ﬁ
three questions: e L
1. What is wrong with the video clip? e . - |REEE

2. How can you fix this with VirtualDub? &8 i e
Also carry out the repair! ' R

3. How could you prevent the mistakes?




In this lesson, we pay much time and attentiorhéfact that the plane of motion is
best perpendicular to the camera direction. Thalpw@yiso must decide now what
kind of video clip they want to capture and writeach their plans of how to do this.

Lesson 3. Video measurement

In this lesson, the teacher demonstrates the plpisto create a Coach video activi-
ty from scratch, how to embed the captured vidgm eind how to carry out a meas-
urement on the movie. Things that pass under regi@mhe coordinate system and
calibration, video compression, plane of motion amnera direction, display of
collected data in diagrams, and so on. Actuallg,tdacher used in the classroom the
video clip about a darts throw, which was recorfdefibre by two pupils, as an inspir-
ing example. This demonstration also serves anqgthepose: it gives the teacher
once more the opportunity to explain pupils whatatially expected from them.

Lesson 4. Pupils capturing their video clips

In the fourth lesson, the pupils capture their gidéps. They can get help from the
teacher and/or his assistant if necessary, but @neyexpected to work as much as
possible on their own, using their own class notegetting help from fellow pupils.

Lesson 5. Pupils measuring on the self-made vilp@id writing a short report

In the last lesson, pupils carry out a measureroerthe self-made video clip, create
relevant diagrams, annotate the graphs with retewdormation, and finally write a
short report. This report may be a screen shdh@iQoach activity with some words
of explanation and conclusions, as is shown in fl@gubelow.
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Figure 2. The full report of Irene and Nanda about table ienn



FINDINGS

Let us begin with the unforeseen technical problénad we encountered the first
time. Although every team succeeded in making dulsgédeo clip, capturing and
embedding the video clip in a Coach activity wasdered by the following things:

o Because some pupils forgot to use video compresbenflooded the computer
network at school with files of 60 MB or larger, \wh essentially meant a col-
lapse of the network. Without serious video comgies e.g., MPEG-4 Video
Codec V2, the files were also too big for usingdites as transport media.

o The network installation of Coach at school pradiedithat pupils could save
video clips in a Coach project; these rights wendy aeserved for teachers.
Transport of video clips from a laptop to the sdhmmmputer via a memory stick
could also be done only by the teacher or teachasgstant.

Each team spent about twenty minutes on capturiwigleo clip. Most of the time
was required for finding one’s way in the menu isenf VirtualDub to specify
correct settings of the software before capturirtgerefore, pupils paid less attention
to setting up the experiment in an adequate wayiyM# them wanted to capture
immediately and hardly did a test run to see whetthe quality could be improved.
Also, they often forgot about a measuring stickhe movie clip for calibration pur-
poses. If the teacher stressed in the foregoirspiesthat the best camera direction is
perpendicular to the plane of motion (in order void perspective distortion), then
the pupils did this well. However, when the teaathdrnot emphasize this, the pupils
sometimes made less useful video clips. While cau pupils seemed to forget
their research questions; they simply recordecpttenomenon that they had chosen,
without consulting their notes. The lesson weredrfrom this is that we should
request from the pupils a better planning of thark.

Our conclusions about capturing a video clip witintbalDub by TL3-pupils is that,
despite its success, it was a bit too time-consgniindo with the whole class at
once. It involved too many technicalities that idisted the pupils from setting up
their experiment in an appropriate way and it m#gem rely on teachers and
assistants for help. In common practice, thereas so much staff available to
support a lesson or lab session. For this reaswnyvideo module of the Coach
software has been redesigned to make the procespuiring and measuring a video
clip easier. In the latest version it is possildecaipture a video clip with a digital
camera or web cam from within the Coach activitye Tmain advantage is that many
camera settings can be specified beforehand bgutier of the activity and that the
recorded video clip is immediately available fotadeollection and processing.

The experience of the teacher with the learningrenment and with video meas-
urement, as well as the availability of laptop comeps and the choice of location to
capture the video clips, had a great impact on dbenes recorded. The least
experienced teacher chose for a setting which Ihenfest comfortable with, viz., the



science lab and a limited choice of subjects t@necrolling balls (12 teams) and
bouncing balls (3 teams). Marlotte and Kirsten weegertheless more inspired and
recorded a cutting motion with their fingers. Figud show part of their report.
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This graph is more readable. You see that the figges up and down, because we
made a cutting movement. The movement is irregilacause the finger goes
sometimes faster. The height is measured on thésythe highest pointis 5 cm. The
time is measured in (s). The total time of the greg5 seconds. The initial point of
the graph is (0, 3.0). The end point of the gragp(bi 3.5).

Figure 3. Cutting motion with fingers bylarlotte and Kirsten

In the class of the teacher who already had expegigvith Coach, but not with video
measurement, work was also done within the scidalbeonly. But pupils were
stimulated to make a subject choice of their owmnis Tead to a variety of video clips:
rolling and bouncing balls, springs, a pendulunmping from standing position,
hitting each other, hand waving, and the movingosds hand of the clock in the
science lab. The subjects in the class of the exjstrienced teacher, who also used
two laptops in order to be able to capture a vidgpat any location, were the most
variable: flight of a paper airplane, rope-skippimarts throwing, thrown-in of a
soccer ball, table tennis ball, skipping, and h&m$ are nice examples. The
creativity of the pupils was certainly switched on.

Pupils did their best to obtain accurate data @irtkideo measurement, to explain
the graphical representations, and to link up ttaplgs with the phenomenon in the
real world that they recorded themselves. They nsaithematics and physics beyond
their expected level. Note in the fragment of tBpart shown in Figure 3 that the
pupils read out coordinates of points without angtake and paid attention to units
of quantities. Marlotte and Kirsten sought an erpteon for the irregular graph in

terms of the real world motion. In Figure 4 belomhich shows a fragment of the

report of Rianne and Kim on a bouncing ball, yowdfia similar attempt to explain

the form of the graph in physical terms.

We experienced that TL3-pupils were easily satisfieth one graphical representa-
tion of collected data, regardless of its suit&pillfo make sure that pupils use all



standard diagrams of motion, we set out a Coadhitgctvith three diagrams as
shown in Figure 1 in later lessons. We requirenftbe pupils to report explicitly on
all three graphs. Since we experienced that TL3lpupad difficulty with
understanding horizontal displacement on a veraga. This is the reason why time
is plotted against horizontal position in the uppght window of Figure 1.
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In this graph are arcs, these arcs arise becausebill is bouncing all the time. In
the beginning the arcs are high because the balldhigh speed because it is releas-
ed at a height of 1 meter. Hereafter the arcs gealer because the ball reduces
speed. This is a uniformly decelerated movemenn ¥remeters, X= time in seconds

Figure 4. Part of the report of Rianne and Kim on a bouncing ball.

CONCLUSIONS

In summary, the authors and the teachers involver@ \quite pleased with the enthu-
siasm and performance of the pupils in their proyeark. The pupils were able to
create interesting and useful video clips, to cauymeaningful measurements on the
movie clips, and they could link the recorded motiwith graphical representations
and physics concepts in a better way than usuatly pencil and paper.
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