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Abstract

Even though research suggests that the use ofriyawbuld be an important part of learning scietezner-
generated drawings have not received much attemtiphysics classrooms. This article presents thoaefor
recording students’ drawings and group discussisitgy tablets. Compared to pen and paper, tabfets o
unique benefits, which include the recording of wiele drawing process and of the discussion aatatiwith
the drawing. A study, which investigated the usdrafvings and the need for guidance among Finrpgleru
secondary school students, is presented along$ides for teachers on how to see drawing in a rgw li

I ntroduction

How often are students asked to examine a drawimg & textbook or by their teacher in physics
classrooms? In contrast, how often are studentdaskproduce their own drawings? It is quite prob-
able that the examination of drawings happens moftem than the production of drawings. Physics
teachers know that the use of visual materialgyfdias, graphs etc.) is very important both in ptg/si
and physics education. This is also supported &yareh (Ainsworth, Prain, & Tytler, 2011) which
suggests that it increases motivation to learnimjdeepen the understanding about the specific con-
ventions of the visual material among other besefiowever, in science education, the focus is very
often on interpreting drawings made by others (Amsh et al., 2011). Even when the students are
told to draw, it is rare that they are encouragedeavelop their own ways of drawing that could help
them develop their understanding (Van Meter & GarRe05).

Drawings are also a way to scaffold learning fadsnts who have difficulties with text, such
as immigrants or children with learning disabikti@hey can even aid in the development of lan-
guage skills (Hope, 2008). The use of drawingsomlgination with text as a learning strategy can
also be seen as a use of multiple representafidRs)(in the classroom. The benefits of the utilisa-
tion of MRs have been reviewed in a recent articlhis journal (Savinainen, Nieminen, Makynen, &
Viiri, 2013).

There have been some empirical studies on the itenéthe use of learner-generated draw-
ings. A meta-analysis about research on learnegrgéed drawings has identified some common
claims for its benefits (Van Meter & Garner, 200Bhese benefits include improvements in text
comprehension, increased levels of involvement thightarget content, and the use of higher-order

thinking. Previous studies have indicated thatesttsl drawings are more accurate when they are
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allowed to compare their drawing with another drayiVan Meter, Aleksic, Schwartz, & Garner,
2006). It has also been suggested that therdrik Aétween the accuracy of student-generated draw-
ings and learning outcomes (Van Meter & Garner5208owever, this suggestion has only limited

empirical support.

Using tabletsto study drawing

The digital age has brought new possibilities fi@awng, e.g. the use of tablets. These devicewallo
new ways of gathering information about student&idedge, and teachers can use multimodal re-
sources, including drawings, video, and audio.drtipular, these technologies allow the teacher to
capture the whole drawing process, from the fir& to the last. When using pen and paper for draw-
ing, the only information that the teacher recergete final product, which is the finished dragin
There is usually no way to see how the studentaytitat drawing or what alternative types of draw-
ing he/she tried before choosing the final one. d$eof a tablet enables the whole drawing process
to be compiled into a video that starts from a kleanvas and finishes with the final drawing. Fur-
thermore, the students’ discussions can also lmeded alongside the drawing when using tablets.
This may give new insights to the students’ conkeatwledge.

A special application is required to record drawginghe application used in the study reported
in this paper was Educreations for the iPad (Edimmes, 2013). This application was chosen because
it is free, and the interface is simple and easytitise. The application is intended to creatarated
lessons but it can also be used for recording aigsvand conversations. It has its limitations (ebg

drawing tools are minimal) but it is good enoughbasic drawings.

Description of a study on lear ner-gener ated drawings

Our study investigated how a group of Finnish ugseondary school physics studemts 36, aged
17-18) used drawings as a tool for sharing inforomaih the context of kinetic theory of gases. More
precisely, the effect of guidance on the accurddhie@drawing process was studied.

The subject for the students’ drawings was thetkirieeory of gases and ideal gas law. The
students had taken an optional physics courseesmtidynamics a year before the study. This gave
us a chance to study the effect that textbooktrédi®ns have on the drawings. First, the studerad
a short text on the kinetic theory of gases andligas. Second, they were asked to produce a dyawin
in which they represented ideal gas as well as ¢belid, using a tablet. They also had to draw their
answers to assignments, producing drawings thaésepted what happens in a gas when the volume
of the gas container is reduced to half or whehdfahe gas is removed from the container.

The students were randomly placed in groups ofdwiiree. The groups were randomly as-
signed to two different condition groups. The assigroup (AS group, 8 groups of two) were pro-

vided with another drawing (drawing c, in figuret@which they could compare their first drawings.
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The unassisted group (UA group, 7 groups of twotamdgroups of three) were not provided with
this drawing. Figure 1 shows the study procedure.

Comparison to

Students’ Finding the Students’
ASgroup >  drawing | theshown | differences —— new
s X A0 dra“.ing AL 2 dra“.ing
s Volume of Half of the
| thegasis | .| gas is
reduced removed
Students’
UA group »  drawing

Figure 1: The study procedure for the two groups.

The accuracy of the drawings was determined bygdreelefined elements in the drawings.
These five elements were divided into two categoaied are presented in Table 1:

Table 1: The five drawing elements divided into twategories

Elements Properties of the particles  Collisions of the particles
The particles are point-like X
The particles move randomly X
The particles move rectilinearly X

The particles collide with each

other

The particles collide with the

walls of the container
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Theresults of the study
The summary of the results regarding the assigrsraetprovided in Table 2.

Table 2: The frequencies of the five elements chegroup (UA or AS) combined into two catego-

ries. The maximum amount of elements in each cayag@resented in parenthesis.

Assignment  Group 1. Properties of the particles 2. Collisons of the particles

(maximum) (maximum)
Before the  ya 18 (24) 11 (16)
comparson - Ag 23 (27) 10 (18)
After the UA 30 (48) 9(32)
comparison AS 47 (54) 22 (36)

They2-test was conducted for the studying statistidf&mnce between the qualities of the
UA and AS groups’ drawings and Cramer’s V was daled to determine the effect size. The p value
of < 0.05 was considered statistically significant. lEh&as no significant difference between the
groups before the compariso2[(1, N = 51) = .36, p = .55; Cramer’'s V = .08 éategory 1 ang2
(1, N=34) =.19, p = .66; Cramer’s V = .08 fotegory 2]. The AS group produced more accurate
drawings than the UA group after the compariggh(L, N = 102) = 6.76, p = .01; Cramer's V = .26
for category 1 ang2 (1, N = 68) = 6.16, p = .02; Cramer’s V = .30 ¢ategory 2]. The difference
between the groups was significant and the efieetwas small to medium.

Most of the students’ drawings resembled the carabiilustrations of the kinetic theory of
gases found in textbooks with the particles ingsiddosed container. It seems that the students re-
membered the style of the drawings from the textlibey had used to study thermodynamics. An
observation could be made from the study data: étbe students had developed their own, unca-
nonical style of visualization before they saw pinevided illustration, they produced more canonical
drawings after seeing the illustration. Drawing®oé pair before comparison (drawing a) and after
comparison (drawing b) are shown in Figure 2. énse that the students adopted the style of the pro-
vided illustration sketched by the researcher withiPad (drawing ¢) and thought it to be the “eotr
style”. This copying of styles has its upsides asdownsides. The students might have difficulty
interpreting the canonical visualizations in sciifcdhey do not learn how to produce them them-
selves. On the other hand, students should be edldavcreate their own types of visual representa-

tions because that helps them to process informatio
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a) b)

The volume of the molecules is zero

)

The d
mo ecules
coliide with
each other

and the

walls of the
gas
cortainer

The molecules are in a constant random motion

Figure 2: Drawings a and b are made by the sam#drefore and after the comparison to the pro-

vided drawing c.

While drawing and discussing, two of the groupsdusguations. Interestingly, both of these
groups used them incorrectly. One of the groupsodisred their error and deleted the equation, but
the other group did not notice their mistake affidthee incorrect equation as a part of their dragvin
In these kinds of situations, the strength of deteds a tool for recording the drawings is evidéie
deletion could have been missed otherwise. Ithilglolights the strength of using drawings in learn-
ing: they force the students to process their kedge in order to present it freely in a visual form

Figure 3 shows the drawing process for an assighthatrequired the students to draw their
conception of what happens in the gas when thenelof the gas is halved. First, the students draw a
gas container with gas particles in it (drawingdl then add arrows to visualize the movementef th
particles (drawing e). One of the students trigsistify the decrease in pressure by using theo(inc
rect) equation that the students used to defingspre (drawing f). During the discourse, the staden
notices that there is something wrong in the eqnatnstead of trying to attempt to correct thesequ
tion, the student just deletes it (drawing Q).
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Figure 3: The drawing process for an assignmenté#uwuired the students to draw their conception of

what happens in gas when the volume of the gaali®dh, divided into four drawings.
The talk associated with Figure 3 is presentedxiceipt 1.

Student A: So now the volume has decreased... well

Student B: But there is still the same number ef.thpoint-like gas particles...
and... what does that meandraws the container and the particles, drawing d]
and that they pack themselves closer together lzgr@ tare more collisions isn’'t
that right?

A: Yeah so... the density increases so then therenare of those collisions be-
tween the container and the particlesaws the arrows, drawing €]

B: Mmm... everything is moving

A: And then... wasn’t the temperature kept constant?

B: Yeahlwrites t=vakio (Finnish), meaning temperaturedonstant]

A: I'm going to write it like this.[draws the equation, drawing f]

B: And the increased collisions of the particlesr.the increase in the number
of collision increases the force that... is exertethere and [it was because]

A: [it caused] the pressure to increase

B: Because the force is the pressure divided byatea wasn't it... pressure is
the force times the area... doesn’t the area... deerbasit seems to increase
A: Yeah

B: Like this... let’s forget that[deletes the equation, drawing ggvertheless,
the collisions increase and the force always inse=aas the pressure increases
A: Yeah was there something else... no

Excerpt 1: The discussion between the studentevenijaged in the drawing

process pictured in Figure 2.

The excerpt shows that student B is confused wigeimtorrect definition calls for the surface

area of the container to increase when he knowtsttlacreases when the container’s volume is de-
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creased. Student A confirms that the area shoulrkdse. This causes B to discard his attempt to use
the definition of pressure to validate the increagaressure; he just uses the increased frequafhcy

collision as validation for the increase. Thislsneaa correct way to validate the increase in press

Benefitsfor teachers

How can this study benefit teachers in their evayyaork? More attention could be paid to guiding
the students’ drawings processes. Scott and J@&0idB) contend that teachers often pay more atten-
tion to the scientific accuracy of text producedshydents than to the drawings they produce. Teach-
ers also find it easier to guide the students’ pation of text than of drawings. The comparison
method used in this study is one method to guidevishg. Driver (1983, p. 13) offers another exam-
ple of how a teacher can guide the students, bpgithem a clear question for which the studemts tr
to seek an answer through drawing.

The use of tablets gives teachers a unique methgaiming additional knowledge about the
students’ grasp of the content. The discussioncéeseal with the drawings can put the drawings
themselves in a new light. They also enable thehtera to let students use, for instance, photograph
as a background for their drawings. For example stbhdents’ knowledge of laboratory equipment
could be tested by taking a picture of common latmyy equipment and instructing the students to
write the names of the objects in the photographinfall, the use of tablets in education givesvne

possibilities for teacher and there is still attbbe studied concerning their use.
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