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Abstract

Problem Statement: In recent years, researchers on learning have focused on
learning with multimodal representation and this research has shown that
when learners can interact with an appropriate representation their per-
formance is enhanced. If students have the opportunity to interact con-
sciously with modal representation, learning can be extended, compre-
hensively and deeply. This study studies the question of what would be
the appropriate instructional design to scaffold such an enhancement and
what would be the distribution of modes that would be found to be valu-
able, from students’ perspective, in instruction and writing-to-learn activi-
ties, with specific regard to science education topics.

Purpose of Study: The purpose of this study was two folded; firstly, to find
out the effect of instructional activities on students’ understanding of
modal representations and, secondly, to explore the multimodal represen-
tations that college students find effective and use in studying some of the
modern physics units

Methods: This study was carried out with 80 sophomore college students in
Turkey within two identical sections of introductory modern physics for
an education majors course in the 2007-2008 spring semester. Three as-
signments were designed and implemented to explore effective practices
that can help students to enhance their understanding of modal represen-
tations. At the end of the instructional stage, through survey and semi-
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structured interviews, students were asked to evaluate the value of the in-
structional implementations and the effective modal representations in the
learning of concepts.

Findings and Results: Most of the students agreed that completing the three
assignments was valuable in extending their understanding of modes; in
understanding their roles in communicating ideas; in helping to scaffold
their understanding, and effective usage, of modes and in increasing their
knowledge with regard to modern physics units studied. In addition, stu-
dents who participated in this study found the pictorial mode to be the
most valuable in studying light, photo-electricity, and Compton effect
units. On the other hand, students designated the textual mode as being
the most valuable mode for studying the de Broglie unit. Moreover, stu-
dents preferred to use picture and text in their writing-to-learn activity.

Conclusions and Recommendations: An important theme emerges when the
two parts of the results are considered. That is, when opportunities are
provided to students in order to analyze and evaluate scientific materials
from a multimodal perspective, they can build a concrete understanding
of content knowledge as well as using modal representations to communi-
cate ideas. Furthermore, if such opportunities are extended to create writ-
ing activities with multimodal representations, students additionally bene-
fit by building content understanding and seeing what they know and do
not know about the concept. When multimodal enriched learning oppor-
tunities are provided to college students to study introductory modern
physics subjects, it appears that there is a mode cluster with picture and
text becoming predominant. To promote the conceptual understanding of
physics, we need not only to provide robust understanding of multimodal
representations but also to be aware of modal clusters from multiple an-
gles.

Keywords: Multi modal representation, writing in science, writing-to-learn,
modern physics

Introduction

Science, without language (writing, reading, speaking), cannot function (Norris &
Phillips, 2003). Writing, including text, mathematical representations, graphics, and
pictures, has an important function in scientific activity, as with other forms of lan-
guage. Furthermore, as Lemke (1998) has stated, "Science is not done, is not commu-
nicated, through verbal language alone. It cannot be." (p. 89). Indeed, he argues that
scientists "combine, interconnect, and integrate verbal text with mathematical ex-
pressions, quantitative graphs, information tables, abstract diagrams, maps, draw-
ings, photographs, and a host of unique specialized visual genres seen nowhere else"
(p- 89). In order to understand science in its fundamental sense, as well as carry out
scientific activities, one needs to be able to use writing and its components effectively
(Norris & Phillips, 2003). Consequently, using writing effectively in educational set-
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tings may be a tool for promoting scientific literacy as well as a tool for learning sci-
entific concepts (Prain & Hand, 1999; Yore, Bisanz, & Hand, 2003).

Researchers in science education look to promote students' understanding of sci-
ence by implementing nontraditional writing strategies as these strategies encourage
and provide students with rich cognitive activities to construct scientific knowledge
(Gunel, Hand, & Prain, 2007, Hand, Prain, Lawrence, & Yore, 1999). Furthermore,
writing-to-learn activities can help students to connect science language with their
daily language. Consequently, such connections via writing scaffold students' under-
standing of fundamental science concepts. In practice, Prain and Hand (1999) put
forward several suggestions for a diversified writing activity that included the use of
writing types such as brochures, letters, newspaper articles, the construction of post-
ers, concept mapping, and computer slide-show presentations. All of these diversi-
fied writing-to-learn activities mentioned above include form of modal representa-
tions (text, graph, table, formula, etc.) to elucidate ideas in science. Thusly, promot-
ing the integration of modal representations into writing activities can become a
means to improving the learning outcome from such activities (Gunel, Atila, &
Buyukkasap, 2009; McDermott, 2009).

Multi Modal Representations and Learning Science

Researchers on learning have focused on learning with multi modal representa-
tion in recent years and this research has shown that when learners can interact with
an appropriate representation, their performance is enhanced (Ainsworth, 2006).
Students” competence with different modal representation and the effect of such
competencies on achievement has been investigated by scholars in the area of science
education (Kohl & Finkelstein, 2005). For example, Kohl and Finkelstein (2005) inves-
tigated the relationship between success in physics problem solving and modal rep-
resentations used with the problem. They indicated that students make more mis-
takes when the problem includes mathematical and graphical representations. In a
similar vein, after analysis of 400 students’ data, Meltzer (2005) asserted that stu-
dents” problem-solving accomplishment depended strongly on their understanding
of representations. Furthermore, he asserted that students fail to solve similar physics
problem presented with different modal representations. He called this phenomenon
“potential interrepresentational discrepancies” (p.473).

While there have been several physics education studies which focused on repre-
sentational discrepancies on problem solving, the number of studies that investigate
ways to increase student representational competencies and consequently under-
standing of the concepts in physics is limited. On the other hand, as argued by sever-
al researchers, the integration of multimodal representations such as text, graphs,
mathematical terms, pictures, diagrams, and tables into writing to learn activities,
can assist students in developing both modal competencies and fundamental ideas of
science (Ainsworth, 2006; Hand, Gunel, & Ulu, 2009). Guided by the current litera-
ture, the purpose of this study was two folded; firstly, to find effective activities that
can help students to extend their understanding of modal representations and, sec-
ondly, to explore the multimodal representations that college students find effective
and use in learning four modern physics units.
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Method

Research Design

A mixed-method approach including the survey method and interpretive qualita-
tive case method with a quantitative (survey) and quantitative (interviews) data was
adopted for this study. The survey method approach includes a group of data collec-
tion methods, which highlight quantitative analysis (McMillan & Schumacher, 2010).
The data would be collected from a large sample to make general inference to popu-
lation or the data could be collected from a focus group to uncover the groups’ char-
acteristics (McMillan & Schumacher, 2010; Williams, 2007). Semi-structured inter-
views were conducted with 6 students that were selected at random at the end of the
study. Eighteen questions were asked in the interview and it lasted about thirty
minutes. In our case, the survey data was collected from the students who had expe-
rienced the intervention concerning multimodal representations. Furthermore, this
study also has the characteristics of basic interpretive qualitative research and case
studies in which the researchers made data collection to discover the participants’
understanding of instructional intervention as well as the value of modal representa-
tion in studying modern physics units (McMillan & Schumacher, 1997).

Research Sample

The participant students were selected through non-probability sampling method
and the sampling has the characteristics of convenience sampling. This type of sam-
pling involves the sample being drawn from that part of the population, which is
close to hand. That is, readily available and convenient. Within this framework, the
above mentioned sampling method was the suitable way of identifying the sample
since the instructor and co-author of the manuscript was offering a modern physics
course in the same institution with the participating students. This study was carried
out with 80 sophomore college students in Turkey within two identical sections of in-
troductory modern physics for education majors course in the spring semester. The
course instructor was the same for all students.

Research Instrument and Procedure

Throughout the semester, all students received the same instruction, covered the
same instructional materials, and completed the same three assignments. The as-
signments were designed as worksheets to be completed by the class an as a home-
work assignment.

With the first assignment, students were asked to evaluate modal representations
in two modern physics-related articles (taken from a monthly published national
journal that publishes popular science articles for high school and college students)
and two book pages from the modern physics textbook written by Yildiz (2004).
While the reading part of the assignment was done outside of the class, the above-
mentioned evaluations were conducted within 50-minute instruction periods.

In this assignment, students in small groups were asked to make a list of multi-
modal representations (e.g., mathematical formula, picture, graph and text) used in
written texts, then ask to record ways that modes were combined together to display
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science ideas. Afterwards, in a large group discussion with note taking, the following
questions were teased out for the materials evaluated;

1. What are the effective modes used in those written materials? Why?

2. Inwhat ways are modes related to each other or among themselves?

3. Which mode or modes helped us to learn about the topic/subject? Why?

4. How should we use mode or modes together (embedding) to best display our

understanding?

With the second assignment, working in small groups, students were asked to
examine the rubric that was handed to them by the instructor. The multimodal eval-
uation rubric used in this assignment was taken from McDermott’s (2009) study in
which he asked students to analyze chemistry-based written texts. In our study, by
using their understanding of multi modal representation, students examined and
discussed the given rubric and made any modifications they deemed necessary. Fur-
thermore, in small groups they attempted to evaluate one of the science articles used
in first assignment with their rubric. The review results and students ideas concern-
ing how they adapted and used the rubric in the evaluation process were also dis-
cussed. There was another 50-minute instruction period spent on this assignment.

As a final assignment, students individually prepared a large poster with modal
representations to display their learning on several modern physics units. Units in-
cluded in this poster were light, photo electricity, the Compton Effect, and de Broglie
wave length. The instructor provided an extra week for the students to think about
evaluating written products by using the rubric given with the second assignment
and to make any necessary changes on their poster. Surveys and semi-structured in-
terviews were conducted to investigate the students' ideas on effective modal repre-
sentations in learning the four units and in the three assignments. In the survey, stu-
dents were asked to note the five most effective modes for learning each unit and al-
so asked to state the modes that they used in their poster.

Data Analyses

The data obtained from the survey were analyzed in order to investigate stu-
dents’ perceptions toward interventions, the value of modal representations they had
encountered during the instruction, and the value of modal representations they
used with writing activity. The frequency analyses as a quantitative evaluation were
conducted for the survey data (Sheskin, 2004). The survey data were examined to as-
certain students' ideas about the value of a particular mode in studying the four
units. Based on the analyses and histograms plotted, several tables were generated to
demonstrate student responses to the ranking the five modes for each unit.

The researchers examined the transcripts from the interviews to identify main
themes to be used in coding the data. The data were coded by using NVivo 8. Using
NVivo helps in the analysis and writing the report due to its capacity to store useful
words, phrases, and dialogues that allow the researcher to visualize the data and
combine information from one category to another category (Soklaridis, 2009).

The numbers of agreements and disagreements were determined and the internal
reliability of research was determined by using the reliability agreement/agreement
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+ disagreement formula” (Miles & Huberman, 1994). Using this reliability
calculation, the item agreement percentage of the scale was 0.93. As the researchers
had agreed on the main categories, a list of these codes was prepared. The list is pro-
vided with the Table 1.

Table 1

The Themes and Codes for Interview Results

Themes Codes S1 S2 S3 S4 S5 S6
The value of The multimodal representations were
assignments encountered but their functions were not + + + + + -
in learning thought by students in the past
modes
The development of reading + - + - + -
comprehension
The awareness of modal representation + + + + + +
used in science with first assignment
The generation of meaning through modal
S e - + + - + -
representation in science with first
assignment
Improvement of their critical reading skills + - + - + -
with first assignment
The implementation of the second stage
group activity contributed to students’ + - + + + +
“competency of reading, understanding
and writing about science based text”
The first and second assignments helped + - + + + +
them to craft their own writing
The third as.sign.ment (e.n.lbedding modal + ) + + + +
representations into writing process)
assisted students to learn the topic
The value of The use of representations to scaffold + + + + + +
modes in understanding of the topic.
learning units
Used modal Representations are appropriate ways to
representatio  make abstract concepts concrete for them + + + + + +
ns in the and their audience
writing
activity

+ : The opinion was commented, -: The opinion was not commented, S1: Student 1
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Results were grouped into three sections. In each section, the results are repre-
sented under the subcategories of survey findings and interview findings. The first
group of results presents students' ideas concerning the value of the three completed
assignments in learning the meanings and functions of modal representations. The
second part shows students' ideas about the value of a particular mode in learning
these physics units. The third and final part focuses on students' use of modal repre-
sentations in their writing-to-learn activity (poster). Due to space limitation, only the
important results are provided here.

The Value of Assignments in Learning Modes
1st Assignment: Identifying modes and their functions in the written text

The frequency survey analyses of students’ responses yielded the statistic that
92.6% of the students agreed that completing the first assignment (where they identi-
fy the function of modes and the relationship among the modes in constructing
meaning with regard to science articles) was valuable in extending their understand-
ing of modes and their roles in communicating ideas (3.7% somewhat agree, 50.6%
agree, 38.3% totally agree). Furthermore, 98.8% of the students indicated that com-
pleting the first assignment helped them organize their ideas about how to use mul-
timodal representations in order to communicate science concepts (3.7% somewhat
agree, 55.6% agree, 39.5% totally agree).

During the interviews students were asked to elaborate their experiences in rela-
tion to their understanding of modal representation and the assignment completed.
The theme analyses pointed out the general trend of “awareness of modal representa-
tions and their functions in communication” as an impact of the whole process. In gen-
eral, students indicated that they had encountered the multimodal representations in
various situations and although they had paid attention to some of the modal repre-
sentations in past encounters, they had not tended to think about their functions in
communication or meaning making. Furthermore, the responses of the students also
raised the theme of “development of reading comprehension” with the awareness of the
modal representations. Some of the exemplary responses were given below.

S 3: After completing the assignment there were things changed in my read-
ing. I feel like I am trying to associate things (text, formula, picture, diagrams
etc.) given within the written material. Also, I realized that reading is a joyful
activity since you tend to make connection among the things.

Student during the interviews elaborated that, with the first assignment complet-
ed in this study, they recognized the modal representation used in science, the gen-
eration of meaning through modal representation in science and improvement of
their critical reading skills. The overarching theme of the students” responses regard-
ing the impact of the completion of the assignment was the “contribution of the modal
representation in constructing meaning” especially in science. Some of the exemplary
responses are given below.
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S 1: I was reading science articles in the past without paying any attention to
what was used, what was the function of the components, if it was appropriate
to use it and if it was contributing to the general meaning. This assignment
pushed me to think about those questions. I think it helped me to understand
how to read and understand an article. Also, it helped me to understand how I
can communicate the ideas of an article to someone else after reading it.

2nd Assignment: Evaluating the appropriateness of the modes in the written text

For the second assignment, 98.8% of the students indicated that the numerical
evaluation of modes and discussions within a small group helped to scaffold their
understanding and effective usage of modes (15.9% somewhat agree, 56.1% agree,
26.8% totally agree). Similarly, the second stage activity helped 97.5% of the students
to identify what they know and do not know about the topic mentioned in the text
(14.6% somewhat agree, 54.9% agree, 28.0% totally agree).

The interview results from the questions that investigated the impact of the se-
cond stage appear to focus more on the general literacy skills of students rather than
the understanding of the topic content. That is, while the survey results indicate that
by conducting the evaluation activity helped students to learn the science concept
given with the material, the interview results pointed out that implementation of the
second stage group activity contributed to students” “competency of reading, under-
standing and writing about science based text” with embedded modes. Some of the stu-
dents’ quotes are given below.

S 6: Somehow I am more aware of modal representations given not only in
books but also in newspapers and magazines. Interestingly, I found myself
judging the contribution of the individual mode to the meaning. I say: ‘this is
not necessary, this is good, helps to understand, why is it here not there?

During the interviews students made several attributions to the first and second
assignments being valuable experiences as they were preparing their posters. The
overarching theme of the students’ responses was that identifying modes in the writ-
ten materials, investigating their functions, and evaluating their contribution to the
general meaning and their understanding helped them to craft their own writing (in
the third assignment). Having experiences of the nature of those provided with the
first and second assignments in relation to modal representations not only improves
competency in reading about science but also it “provides a semiotic tool for writing
about science”. Some exemplary students’ views about the impact of first two stages
are provided below;

S 2: They [Assignments 1 & 2] were helpful in learning what, why and how I
can use the modes. I feel like I constructed my poster by knowing conceptually
how to do it. I am sure if I had done it without doing other assignments, it
would have portrayed silly things.

3rd Assignment: Construction of written material with embedded modal rep-
resentation
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For the third assignment, 100% of the students indicated that preparing a poster
with different modal representations increased their knowledge about the areas of
modern physics that they had included in their posters. Finally, 97.6% of the students
said that preparing a poster in this course facilitated their learning (12.2% somewhat
agree, 50.0% agree, 35.4% totally agree).

During interviews, students were asked to elaborate their learning experiences
throughout the poster preparation activity. The most evident theme that came out of
the student interviews was “embedding modal representations into writing process assist-
ed students to learn the topic.” Overall, students stressed the value of interweaving dif-
ferent modes into their writing in order to communicate with the audience. The im-
pact of such attempts enhanced students” own understanding of the topic which they
were trying to communicate. That is, as they were writing with modal representa-
tions to explain what they have learned, the activity not only enhanced their under-
standing of the modal representation but also developed their conceptual knowledge
of the science topic communicated. Some of the students” quotes are given below.

S 4: I think this particular assignment [Poster preparation] had a significant
impact on my learning... I think it affected my overall grade in this
course....It was difficult to do it, I had a hard time conceptualizing it... At the
end of the semester I was being able to construct meaning by examining
graphs, formula, texts, etc.

The Value of Modes in Learning Units

When students were asked to identify the most valuable mode in studying four
modern physics units, their responses appear as in the table below. Table 2 shows
that students that participated in this study found the pictorial mode to be the most
valuable in studying the light, photo-electricity, and Compton effect units. On the
other hand, students designated the textual mode as the most valuable mode for
learning de Broglie unit. Further, it was found that the animation type of representa-
tions have the third highest value for the Photo-electricity and Compton effect topics
for the students in their learning.
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Table 2

Frequencies and Percentages of Modes Found Most Beneficial in Learning Modern Physics

Units

Modal Representations

Unit/Mode /% Text Picture ~ Math. Graph  Table Diagram List Animation
' £/% 22/268 45/549 1/12  1/12 0/0 1/12 0/0 9/11

Light

Photo- £/% 18/220  45/549  2/24  2/24 0/0 0/0 0/0 12/14.6

electricity ? : : : - .

;;’:C’ft"“ £/% 19/232  47/573  0/0 0/0 0/0 1/12 0/0 11/134

de Broglie

wave £/% 36/444  30/370 3/37  1/12 0/0 1/12 0/0 4/49

length

Concurrently, students were asked to identify the second and third most valuable

mode in learning those modern physics unit. Students indicated that they found the
textual mode to be the second most valuable in their study of all units stated. Their
responses appear in Table 3 below. Further, it was found that while graphical type of
representations have the third highest value for the light unit, mathematical type of
representations have the third highest value for the Photo-electricity Compton effect
and de Broglie wave length topics for the students in their learning.

Table 3

Frequencies and Percentages of Modes Found Second Most Beneficial in Learning Modern

Physics Units

Modal Representations

Unit/Mode % Text Picture Math. Graph Table Diagram List Animation
13/15.

Light £/ % 28/341  22/26.8 0/0 9 3/37 3/37 0/0 6/73

Photo-

electricity /% 26/31.7  25/305  8/9.8 5/6.1 3/37 4/4.9 0/0 7/85

Compton

effect £/%  29/354  23/28 13/159 4/49  2/24 1/1.2 1/1.2 3/3.7

de Broglie

wavelength /%  21/256  20/244 20/244 4/49  2/24 1/12 0/0 1/12
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Table 4

Frequencies and Percentages of Modes Found Third Most Beneficial in Learning Modern
Physics Units

Modal Representations

Unit/Mode /% Text Picture ~ Math. Graph  Table Diagram List Animation
Light o

/% 13/15.9 7/85 15/183  8/9.8 4/49 5/6.1 0/0 4/4.9
Photo-
electricity ~ f/%  14/17.1 2/24  16/195 17/207 2/24 5/6.1 1/12 4/49
Compton
effect £/ % 12/14.6 5/6.1 25/305 9/11.0 3/3.7 5/6.1 1/12 0/0
de Broglie
wave length /% 8/9.8 11/134 7/85 7/85 2/24 5/6.1 0/0 0/0

Analyses of the interview data yielded results that were parallel to the survey
findings. That is, in learning those modern physics subjects during the instruction,
students found pictorial, textual and mathematical representation to be highly signif-
icant, although they were exposed a variety of different modes throughout the topics.
It appears that “students used particular representation to scaffold their understanding of
the topic.” While the text was the predominant medium to elaborate concepts, the pic-
torial representations help them to visualize what has been conveyed through the
text. On the other hand, the mathematical representation seems to function as a de-
rivative way of explaining the concept.

S 5: For modern physics, I think text and picture are necessary to understand
the topic. Formulas are important but not always. Graphs are okay, yet it has
to be very clear and understandable, otherwise it’s not good for me.

Modal Representations in the Writing Activity

When students were asked to embed modal representations in their writing-to-
learn activity (poster) they used variety of representations. Hence, when they were
asked to identify modal representations which they found to be important and used
in their poster, their responses appeared as in the Table 5 below. As the first priority,
68.4% of the participating students preferred to use pictures in their poster in order
to communicate science ideas they wanted to portray. Likewise, 51.3 % of the stu-
dents preferred to use text as the second priority and 33.3 % of the students preferred
to use mathematical formulas as a third priority in their poster.

During the interviews, students emphasized that the textual and mathematical
representations were their preferences to be embedded in their posters. Such prefer-
ences were evident with the survey results. When they were asked to elaborate their
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preferences as to which modes were to be used in the posters they indicated, “Textual
and pictorial representations are appropriate ways to make abstract concepts concrete for them
and their audience.” Unpacking the concepts within short paragraphs or bullets and
visualizing the abstract concepts with pictorial representations appear to be the un-
derlying logic behind the high frequency of usage with regard to those two particular
modal representations. Students indicated that:

Table 5
Frequencies and Percentages of Modes That Student Used Their Writing-To-Learn Activity

Modal Representations

Priority % Text Picture Math. Graph Table Diagram List Animation
1 prior /%

.priority 17/224 52/684 1/13 - 1/13 2/2.6 - 3/3.9
2priority /%  39/513 18/237 5/6.6 10/132  2/26 1/13 - 1/13

3priority /%  5/69  6/83  24/333  21/292 2/28  10/139  2/28 2/28

S 6: I used mostly text because I think I learn a lot with reading the text. Al-
so, I started to think about pictures that can accompany what I have written.
They were kind of a supporting element to my ideas. They were connected
with my text.

Discussion and Conclusion

The physics education literature offers several studies that investigate the value
of using multimodal representations within writing-to-learn activities to promote
content understanding (Gunel, et al., 2009; Prain & Waldrip, 2006). However, the lit-
erature is limited with regard to guiding how to increase students’ competencies
with multimodal representations. Moreover, as emphasized by Airey and Linder,
(2009) studies that explore students” views about effective modal representations in
learning physics units are also absent in the literature.

With this study, it is first aimed to explore effective activities that can help stu-
dents to extend their understanding of modal representations. To do that, we fol-
lowed a 3-step instructional design. In the first step, we have found that the learning
about, and use of, multimodal representation linked to writing-to-learn strategies as-
sisted students in constructing understanding of science concepts. Around 95% of the
participating students stated that assignments, where they explored the function and
effectiveness of the modalities in science, did assist them in understanding multi-
modal representations in science. Further, more than 90% of the students indicated
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that preparing a poster with embedded multimodal representations helped them
learn the concepts and helped them recognize what they did and did not know.

Students elaborated that through the intervention, they developed understanding
about the impact modal representations have on the construction of meaning in sci-
ence. While there are several quantitative studies in the literature, which argue for
learning enhancement through concrete understanding using modal representations
(McDermott, 2009; Gunel, et al., 2009), this study provided qualitative evidences in
accordance with the empirical findings available. Furthermore, having gone through
such hand-on experiences increased students’ awareness of modal representations
and their functions in communicating science ideas. The students being able to un-
derstand the function of the language components and their role in communication
(Lemke, 2004) acts as evidence that the intervention had an impact on both students’
literacy and science literacy skills.

The interview results that point to the reading and writing comprehensions are
also worthy of further discussion. The themes generated through interview data
were that the competencies of reading, understanding and writing about science-
based texts and the development of reading comprehension. The above-mentioned
competencies and comprehensions are the ultimate goals for most subject curricu-
lum. Furthermore, they are subjects, which are evaluated by international tests such
as TIMMS and PISA among the OECD member countries. In the past, the perfor-
mance of Turkish students in those measurements was noted to be low in both the
areas of science and reading comprehension (Celen, Celik, & Seferoglu, 2010; Ozeng,
& Arslanhan, 2010). Although this particular study has too many limitations to make
generalizations based upon it, one would argue our educational practices need to
pay more attention to pedagogical and instructional interventions which scaffold
students” reading and writing competencies within the subject matter, as was the
case with the topic of science in this study. In short, we would argue that simple in-
structional designs similar to the one applied in this study can be implemented in
physics classrooms to promote content understanding, to extend literacy skills and to
boost students modal competencies as has been pointed out by Meltzer (2005).

The study also aimed to explore the multimodal representations that college stu-
dents find effective and use in studying modern physics units. To explore this objec-
tive, we wanted to first provide rich experiences in order for students to understand
and identify modes, then to give the opportunity to use modes in a learning activity,
as discussed above. Thereafter, we asked students to rank-order the value of these
modal representations in studying those units. They indicated that, for almost all
units covered in this study, text and pictures were the most valuable modes. Interest-
ingly, the animation type of modal representation had the third highest-ranking val-
ue for the first choices in studying Photo-electricity and Compton effect topics. While
students were exposed to the animation throughout all of the subtopics, they found
the animations displayed particularly valuable for those two topics in the class. We
speculate that the results appeared in that way for two reasons. First, students’ found
the animations valuable due to the nature of the topics. As we discussed below, the
more the topic abstract to them the more pictorial or in this case animated represen-
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tation they may need. Second, the conceptual quality of the animations might be bet-
ter than those displayed for the other topics.

These findings are important in two ways. Firstly, regardless of the rank, they are
one of the first attempts to try to figure critical consultation of modes (Airey & Linder,
2009) from the students’ perspective. Secondly, unlike in units such as classical me-
chanics and electricity (Gunel, et al.,, 2009; Hand et al., 2009; McDermott, 2009), to
learn modern physics units, a combination of text and pictures becomes important
for college students. Furthermore, as in the case of the Photo-electricity and Compton
effect topics, the more abstract topics may call for animated types of modal represen-
tations. More interestingly, when students were asked to use representations in their
writing-to-learn activity (poster), they indicated that their modal preferences for
communicating modern physics ideas were, again, picture and text. This is an indica-
tion that students tend to find textual and pictorial representations more valuable
than other modes in learning those modern physics units.

Students” elaboration about modal preferences in learning modern physics units
pointed out the theme of “Textual and pictorial representations are appropriate ways
to make abstract concepts concrete for them and their audience.” One could argue
that the nature of the concept studied requires a sense of transformation from being
abstract to concrete. While students have very limited opportunity to conduct exper-
imental work or to bring their experience-rich prior knowledge about the topic, they
tend to enhance their textual —in some way factual —knowledge with visual repre-
sentation in order to create a deeper understanding of the concept (Verschaffel, 2010).

In conclusion, the crucial implication of these findings, in practice, is that in
teaching introductory level modern physics units, university lecturers may need to
pay special attention to making connections between those modes. Furthermore,
when students were asked to do assignments of writing activities to scaffold under-
standing, they may have been directed towards make meaningful connection be-
tween pictorial and textual representations. What is more, increasing awareness of
multi modal representation and embedding modal representations into writing-to-
learn activities can serve as a strong heuristic to enhance literacy competencies as
well as acting as a scaffolding tool to develop deeper content understanding. In
short, both students” understanding of physics and their literacy skills can be boosted
with proper use of modal representation when the physics education community is
aware of the function of modes not only ‘to communicate science” but also “to do
and learn science”.
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Ozet

Problem Durumu: Yazma aktiviteleri bilginin gosteriminden ¢ok 6grencileri igine alan
bir 6grenme araci olarak diistiniilmekte ve 6grencilerin giinltik dilleri ile bilim dili
arasinda baglant1 kurmalarina yardimci olmaktadir. Yazma aktiviteleri icine metin,
grafik, tablo, resim, diyagram, liste, matematiksel ifade gibi modlar1 iceren modsal
betimlemeler kullanildiginda dgrenciler tizerinde calisilan tiniteyi kapsaml ve derin-
lemesine 8grenmektedir.

Son yillarda 8grenme {izerine yapilan arastirmalarin bir kisminda ¢oklu modsal be-
timlemelerin 6nemi vurgulanmistir. Yapilan arastirmalar, ¢zellikle matematik ve fen
alanlarinda 6grenenlerin uygun betimlemeler ile etkilesim icinde bulunmalarmin
performanslarim artigmi gostermektedir. Dahasi modsal betimlemeler kullamlirken
belli modlara bagl kalinmasmdan ziyade farklh modlarin anlasilmasi ve kullanilma-
sinin daha etkili sonuglar dogurdugu tespit edilmistir. Ogrencilerin her bir betimle-
menin 6zelligini bilerek bunlardan yararlanmas: onlarin konuyu derinlemesine an-
lamasini saglamaktadir. Bu baglamda ¢alismanin odak noktast modsal betimlemeleri
etkili 6grenmeyi saglamak, kullanma ve anlama stireci ile birlikte modern fizik konu-
larm1 6grenmede hangi mod/modlarin 6grenciler tarafindan etkili bulundugunun
arastirmaktir.



Eurasian Journal of Educational Research | 213

Arastirmamn Amact: Bu galismanm iki amaa vardir. Bunlardan birincisi, modsal be-
timlemeleri anlamalar1 i¢in 6grencilere yardimci olabilecek aktivitelerin etkisini orta-
ya ¢ikarmak, ikincisi ise tiniversite

ogrencilerinin modern fizik konularini 6grenmede etkili gordiikleri ve kullandiklar
modsal betimlemeleri belirlemektir.

Aragtirmamn Yéntemi: Arastirmanin 6rneklemini Tiirkiye'nin dogusundaki bir tini-
versitede modern fizik dersini alan 80 fen bilgisi 6gretmenligi boliimii 6grencisi olus-
turmaktadir. Calisma modern fizik dersinde 151k, foto elektrik, Compton olay1 ve de
Brogie dalga boyu konularinda uygulanmistir. Uygulama boyunca, biitiin 6grenciler
donem icerisinde modlar1 tanima, kullanma ve degerlendirme adina 3 asamal stireci
ortak olarak tamamlamislardir. Ogrenciler 1. asamada; bireysel olarak modlar1 tani-
ma, analiz etme ve degerlendirme, 2. asamada; kiigiik bir grup icinde verilen bilimsel
metin igerisindeki modsal betimlemeleri tartisarak degerlendirme ve 3. asamada; bi-
reysel olarak farkli modlardan faydalanarak film seridi formatinda poster hazirlama
asamalarimi tamamlamislardir. Arastirma deneysel olmayan bir dizayn gercevesinde
betimsel bir arastirmadir. Calismada anket ve yar1 yapilandirilmis goriismelerden el-
de edilen veriler analiz edilmistir.

Aragtirmamn Bulgular: Sonuglar ti¢ boltiimde gruplandirilmis olup her bir bslumde
anket ve goriismelerden elde edilen bulgular sunulmustur. Calismada 6grencilerin
tamamlamis oldugu {ic asama degerlendirilmistir. Ogrencilerin bu asamalardan 6nce
modlarla karsilasmis olduklar1 fakat bunlardan sadece bazilarinin onlarin dikkatini
cektigi ve bunlarin hangi amagla kullanildiklarina dikkat etmedikleri belirlenmistir.
Ancak tamamlanan bu siireglerle birlikte modsal betimlere farkindalik kazandiklari,
okuma, yazma ve anlamalarmin gelistigi tespit edilmistir. Bilimsel makaleler tizerin-
deki modlarin islevi ve modlar arasindaki iliskinin incelendigi birinci asama i¢in 6g-
rencilerin %92.6’s1 bu asamanin bir diistinceyi aktaran modlar1 ve modlarin roltini
anlamalarini sagladigini, %98.8’i de modsal betimlemeleri nasil kullanacaklar: hak-
kinda onlara fikir verdigini ifade etmislerdir. Gortisme sonuglarinda da dgrencilerin
ilk asamayla birlikte modlarin neler oldugu, hangi modun ne amagla ve nasil kulla-
nildig1 hakkinda fikir sahibi olmaya basladigi, ve kritik okuma becerilerinin gelistigi
belirlenmistir. Bilimsel materyali ve tizerindeki modlarin degerlendirildigi ikinci
asama igin 6grencilerin %98.8'i modlarin etkili kullanilmas1 ve anlasilmasin kolay-
lastirdigmi ve % 97.5'i de konu ile ilgili neyi bilip bilmediklerini anlamalarin sagla-
digin belirtmislerdir.

Buna karsm gortisme sonuglar1 bu asamanin fen icerikli bir metin yazma, anlama ve
okuma yeterliligine katki sagladigma isaret etmektedir. Ogrenciler genel olarak bu
asamay1 yararli gormekte ve modlar hakkindaki fikirlerinin daha da gelistigini ifade
etmektedirler. Ayrica bu iki asamanin yalnizca fen ile ilgili okuma icin yeterlik sag-
lamadigini ayn1 zamanda fen ile ilgili yazma i¢in de bir ara¢ sagladigini vurgulamis-
lardir. Farkli modlar1 bir araya getirip poster olusturma asamasi olan ti¢lincti asama
i¢in ise 6grencilerin %100"ti bu uygulamanmn modern fizik konular1 hakkinda bilgile-
rini artirdigim belirtmislerdir. Gortisme sonuglar1 da bununla paralellik gostermekle
birlikte bu asamanin 6grencilerin baglanti kurmaya ¢alistiklar: fen konululari ile ilgili
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kavramsal bilgilerini gelistirdigini gostermektedir. Ayrica 6grencilerin modern fizik
konularini 6grenmelerinde kolaylik saglayan modlar1 belirlemeleri istenmistir. Og-
renciler tarafindan 1s1k, foto elektrik ve Compton olay1 konularimi 6grenmede en et-
kili mod resim segilirken, de Brogie konusunu 6grenmede metin en etkili mod ola-
rak tercih edilmistir. Dahas1 Fotoelektrik ve Compton olay1 konularini1 6grenmede
animasyon tictincii dnemli goriilen mod tiirti olmustur. Gortisme sonuglar: da anket
sonuglari ile benzerlik gostermektedir. Ogrencilere 6grenme amagh yazma aktivite-
lerinde (poster) hangi modlar1 kullanmay: tercih ettikleri soruldugunda ise 6grenci-
lerin %68.4"ti birinci oncelik olarak resim tercih ederken %51.3" ikinci 6ncelikli mod
olarak metni kullanmay1 tercih etmistir. Gortismeye katilan 6grencilerin de ¢zellikle
resim ve metni dnemli gortip posterlerinde kullandiklar belirlenmistir.

Arastirmamn Sonuglar: ve Onerileri: Arastirmamin birbiri ile paralellik gosteren anket
ve yar1 yapilandirilmis goriisme sonuglart diistintildtigtinde 6nemli bir tema ortaya
¢ikmaktadir. Bu tema; 6grencilere 6grenme amacli yazma aktiviteleri ile birlikte ¢ok-
lu modsal betimlemeleri kullanma ve 8grenme firsat1 verilmesi fen konularini anla-
malarinda onlara yardim etmektedir. Siireg igerisinde fende modsal betimlemelerin
fonksiyonlar1 ve etkilerini kesfettikleri asamalar (3 asama) ise onlarin modsal betim-
lemeleri anlamalarma yardimci olmaktadir. Ayrica modsal betimlemeleri iceren
yazma aktiviteleri (poster, brostir, mektup) iceren firsatlar 6grencilerin konuyu daha
iyi anlamalarinin yaninda konu hakkinda neyi bilip bilmediklerini gormelerini sag-
lamaktadir. Dahas: elde edilen sonuglar tiniversite diizeyinde modern fizik konulari-
nin bir boliimiinde 6grencilere gerek uygulamalarda gerekse dersin islenis stirecinde
modsal betimlemeleri iceren 6grenme firsatlar1 saglandiginda, resim ve metin moda-
larmin konularin 6grenilmesinde en 6nemli modlar oldugunu gostermektedir. Bu
durum modern fizik konularinin okullarda uygulanmasi zor ya da miimkiin olma-
yan deneysel calismalar icerdigi g6z oniine alinirsa zengin kavramsal igerikli metin-
lerin ve resimlerin 6grenme tizerinde belirtilen birinci derecedeki faydasi ile agikla-
nabilir. Bununla birlikte 6zellikle goriisme sonuglarinda dikkat ceken nokta bu stireg
ile birlikte dgrencilerin okuma, anlama ve yazma yeterliliinde gelisme meydana
gelmesidir.

Bu calisma hem fen egitimi alaninda teorik diistincelere hem de pedagojik uygula-
malara belli bir agidan 1s1k tutmaktadir. Teorik anlamda, 6grenenlerin bilgiyi seman-
tik olarak kodladig: diistincesinden yola ¢ikildiginda (Lemke, 1998) modsal betimle-
meler bilginin aktariminda ve zihinde yapilandirilmasinda temel unsurdur ve fen
ogretiminde 6grenme ortamlarinin tasarlanmasinda mutlaka dikkate alinmalidir.
Pedagojik anlamda, bu calismada 6ne siiriilen, uygulanmasi kolay ama 6grenmede
etkili ders ici ve dis1 etkinlikler hem 6grenmeyi desteklemekte hem de 6grenci mer-
kezli ders islemede faydali olmaktadir.

Anahtar Sézciikler: Coklu modsal betimlemeler, 6grenme amacli yazma, modern fizik



