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This study aims at investigating the perceptions of science teachers about the role of visual representations
in the teaching of electromagnetism, and finding out how science teachers use visual representations
in their teaching of electromagnetism and the difficulties they experience in dealing with those
representations. A total of 121 science teachers responded to the online survey. The results showed that
most of the teachers agreed to the significance of using visual representations in the classroom but regarded
their role as means of simply delivering science knowledge rather than constructing or generating
knowledge. For the three visual representations widely used in teaching of electromagnetism in secondary
schools (electrostatic induction on electroscope, magnetic field around current carrying wire, structure
and principle of electric motor), the teachers preferred teacher-centered use of visual representations rather
than student-centered and teacher’s construction of representations were the most frequent among four
types of use; interpretation, construction, application, and evaluation. The difficulties of teaching with
these three visual representations were categorized into several factors; teachers, students, the
characteristics of the representations, and lack of resources and classroom environment. Teachers’ limited
perceptions about the role of visual representations were associated with the ways of using visual
representations in their teaching. Implications for the effective use of visual representations for science
learning and teaching were discussed.
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Figure 1. Patterns of Using of visual representations in science class
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Table 1. The structure and contents of the questionnaire

Category

Content Question Type

Demography

¢ Confirm if the respondent has experience of teaching electromagnetism
¢ Teaching career, major, gender, school of employment

Multiple-choice

¢ Extent of use of visual representations in the teaching of electromagnetism

Likert-scale

Extent and way of using visual
representations

e Way of preparing visual representations
e Way of presenting visual representations

Multiple-choice
(Multiple selections
allowed)

Importance and roles of visual
representations

* Significance of visual representations
* Roles of visual representations (motivation, conceptual understanding, argumentation,
performance test, basic science skills, etc)

Likert-scale

Patterns of using specific visual e Actual use of visual representations in the class Multiple-choice
representations - Types of use: interpretation, construction, application, evaluation (Multiple selections
(electrostatic induction on - Agents of use: teacher-centered, students-centered allowed)
electroscope, magnetic field around

current carrying wire, structure and e Teachers’ difficulties in using the visual representations Open-ended
principle of electric motor)

Preferred way of using visual *  Teacher-centered use to explain scientific knowledge vs. students-centered use to reason about Explain after
representations on current the phenomena. selection
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Table 2. Backgrounds of the respondents (N=121)

Backgrounds Categories Frequency  Percentage(%)
Less than 5 years 23 19.0
6~10 years 25 20.7
Teaching Career
11~15 years 29 24.0
Over 16 years 44 36.4
Physics 68 56.2
Chemistry 19 15.7
. Biology 14 11.5
Major -
Earth science 16 132
General science 2 1.7
Others 2 1.7
Male 29 24.0
Gender
Female 92 76.0
Middle school 66 54.5
School of employment —
High school 55 45.5
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Table 3. Teachers’ perception about the role of visual representations

. 1 Strongly 5 Strongly
ti M D
UREsin disagree (%) 2 agree (%) ean g
Vl.sual repres§ntat10ns are effective in increasing students’ interests in 17 33 91 314 545 434 90
science learning.
Visual representations are effective in teachers’ explanations of science 0 25 50 281 645 455 7
concepts.
Visual r.eprese?ntatlons are effective in facilitating students’ interactions 08 66 215 38.0 3 306 04
(e. g. discussion).
Visual representations are effective in assessing students’ understanding. 0.8 33 12.4 34.7 48.8 427 .87
Students should be able to understand visual representations in science. 1.7 0.8 5.0 322 60.3 4.49 78
Abilities of making use of visual representations are important in science. 0.8 0 5.0 33.1 61.2 4.54 .67
Table 4. Teachers’ preference of using visual representations on current
Pref f usi isual
eferred way o l'lSlllg visua Reasons for the choice Percentage
representations
* constraints of classroom management (insufficient time, too many students) 37.1%
» focus on delivering correct scientific knowledge (students’ generations of visual representations may 35.19%
Teache(r;e;;/e;ed use cause misconceptions and are ineffective in learning science knowledge) e
o * Students’ insufficient ability of understanding and reasoning through visual representations 15.7%
» preference of previous/traditional ways of teaching 10.0%
* helpful for students’ interests, experiences, and active participations in classroom 42.6%
Smdent(sgge;;e)red use » effective in finding out students’ misconceptions and changing those into scientific concepts 42.6%
. 0
* enables students’ scientific thinking 2.1%
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Table 5. Preparation and use of visual representations in the classroom (Multiple choice allowed)

Questions Items Frequency Percent (%)
* Using textbooks or teacher supplement materials 76 62.8%
Ways of preparing visual * Searching internet (including educational portals) 86 71.1%
representations * Creating on my own 35 28.9%
* Sharing that other teachers made/used 23 19.0%
* Looking at textbook together 24 19.8%
* Drawing on the blackboard 63 52.1%
Ways of present.ing visual Including in students’ activity sheets 61 50.4%
representations
* Showing through monitors or screens 92 76.0%
* Using tablet or smart phones 4 3.3%
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Figure 2. Ways of using visual representations of electromagnetism in science class
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Figure 3. Difficulties in using visual representations of electromagnetism in science class
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Table 6. Categories of teachers’ difficulties in using visual representations of electromagnetism in classroom

Electrostatic induction Magnetic field around Structure and principle

Difficulties on electroscope current carrying wire  of electric motor
T: Due to the teacher himself/herself (202,3%) (212.2%) (202.3%)
T1 Teacher’s lack of understanding about the representations or related concepts 4 2 3
T2 Hard to explain concepts or phenomena using representations 15 10 10
T3 Difficult to connect representations with real objects or experiment results 1 5 4
T4 Difficult to draw or illustrate visual representations 5 9 8
S: Due to the students (253_;%) (172,:%) (202.;%)
S1. Lack of students’ cognitive, spacial perception, and reasoning ability 11 15 18
S2. Lack of students’ understanding science concepts and misconceptions 17 6
S2. Lack of students’ understanding on the nature of representations 3 0
R: Due to the characteristics of visual representations ( 182.;%) (222;%) (30:?;/%)
RI1. Need representations showing continuous/dynamic process 10 0 11
R2. Limits of 2D representations to show 3D 0 21 22
R3. Due to invisible or abstract nature of representations 8 3 1
R4. Limits of the representations to describe real objects 0 1 3
RS5. Inaccurate science representations 4 2 0
E: Due to the lack of resources and classroom environment 17 8 13
(14.1%) (6.6%) (10.7%)
El. Difficult to find appropriate representations 9 5 8
E2. Time constraint, too many students 5 2 3
E3. lack of devices (computer or software) 3 1 2
11 16 5
No difficulties 9.1%) (13.2%) (4.1%)
1 1 1
Others (10.3%) (14.3%) (10.3%)
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