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EEL LG e T Ko T YK The growth of cognitive theories since the 1950s has significantly
increased the role of technology in cognitive models and modern learning theories in

psychology and educational sciences. Ausubel's meaningful learning in 1968 inspired an idea
that Richard Mayer later utilized in 1989 for his cognitive theory of multimedia learning, a
theory in which the use of images alongside text enhances learning. Every learning process
requires evaluation, and there must be a correspondence between the two; therefore, the
idea of multimedia testing was proposed by Lindner and Hu in the early 2020s, and they
investigated the role of pictures in test questions in various studies. This research aims to
determine the role of multiple-choice questions and multimedia constructed responses on
students’ performance in the Science Test while following the cognitive theory of multimedia
in the field of assessment.

The present study is applied in terms of research purpose and quasi-experimental
in terms of data collection, classified as a 2*2 within-subject design. The statistical population
consisted of all fifth-grade students in the city of Sabzevar during the 2023-2024 academic
year; from which 602 students were selected from four girls' schools and five boys' schools
using a one-stage cluster sampling method. To collect data, a short 28-question TIMSS 2015
science test was used to assess student performance, which included four types of questions:
text-picture multiple-choice, text-only multiple-choice, text-picture constructed response,
and text-only constructed response, forming the four experimental conditions of the study.
To randomly assign subjects to the four mentioned experimental conditions, the sheets were
distributed randomly among the sample. Data were analyzed using repeated measures
ANOVA, and descriptive and inferential statistics were run using SPSS 26, while Microsoft
Excel was used to organize the question type columns.

The findings indicated that there are significant differences among types of
questions in the dependent variable of performance in science. However, there is no
significant difference between the effects of question type on the performance of male and
female students. Students performed significantly better on the text-pictre multiple-choice
questions compared to both the text-picture constructed responses and the text-only
constructed responses, but there was no significant difference when compared to the text-
only multiple-choice questions. Additionally, the results showed that performance on text-
only constructed responses was significantly better than on text-only constructed responses.
Performance on text-only multiple-choice questions was significantly better than on picture-
text based constructed responses, and finally, text-only constructed responses had
significantly lower performance compared to all other types of questions.

The results showed that not only does the multimedia aspect matter, but also the
type (the combination of format and multimedia) of the question presented affects the
quality of assessment. Specifically, text-picture multiple-choice questions had a greater
impact on performance compared to text-picture constructed responses, even though both
types included a picture. On the other hand, better performance on text-picture constructed
responses compared to text-only constructed responses indicates the influence of the
multimedia aspect, even though the format was the same in both questions. This suggests
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that, in addition to the format, the multimedia aspect of the question plays a decisive role,
and the impact is not solely dependent on the presence of a picture and the multimedia
aspect; rather, a combination of both factors—format and multimedia—creates a significant

effect.
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A fourth-grade teacher sticks some cotton to the bottom of a glass. He
dips the glass upside down into a container of water and takes it out
without tilting the glass. The cotton does not get wet because the water
does not enter the glass. Why?
A) Because cotton is waterproof.
B) Because there is no space for water to enter the glass.
C) Because the air pressure inside the glass prevents water from
entering.
D) Because we have placed the glass upside down in the water.
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tiltingthe gl ass. The cotton does not get wet because the water
does not gointo the gl ass. Wiy?
A)Because cottonis vaterproof.
B)Because there is nospace for vater toenter the gl ass.
C)Because the air pressureinside the gl ass prevents vater from
entering.
D) Because we have put the gl ass upsi de downinthe vater.

O ygots |y Olsd 5 diliaz o 4ty (5505 plod S 45 @ plaz WIS olae

S92 ol olsed 595aS (ot 5 3 peen 52 T Bb Sy 5o ai)lg

4 s medg 0900 olsd S O gz 1058 sad (et ity )]
395599 Olsed 31 Sl

Afourth-grade teacher sticks sone cottonto the bottomof a gl ass,
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vet because the vater does not go into the gl ass. Expl ai n why the
water does not gointo the glass?
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As youcanseeinthe picture,the fourth-grade teacher sticks sone
cotton to the bottomof a glass, dips the glass upside down in a
container of water, and takes it out of the water without tilting
the gl ass. The cotton does not get wet because the vater does not go
into the gl ass. Expl ai n why the water does not gointothe gl ass?
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Bahram has ¥ identical batteries, two light bulbs, and some wire.
He connects two circuits as shown in the figure opposite. In which
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12. Bahram has 4 identical batteries, two light bulbs, and some wire. He builds two circuits 1 and 2. In circuit
1, he places the two batteries in series with the positive-negative-negative-positive polarity, and in
circuit 2, he places the batteries in the negative-positive-negative-positive order. In which circuit or
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Table 2: Types of Questions Presented in the Exam
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Table 3: Creating Different Versions of the Exam to Balance Experimental Conditions Among Types of Questions and Question Positions
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Table 4: Creating Question Versions to Adjust Experimental Conditions Based on Question Type
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Table 5: Descriptive statistics of student performance in the science lesson
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Table 6: Examination of Variance/Covariance Homogeneity Between Groups
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Table 7: Mauchly's Test of Sphericity for the Dependent Variable of Science Performance Score
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Table 8: Analysis of Variance with Repeated Measures on the Dependent Variable of Science Performance Score
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Table 9: Pairwise Comparisons of Averages of Question Types
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