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This study looked at the effects that individual differences in prior knowledge have on
student understanding in learning with multimedia in a computer science subject. Students
were identified as having either low or high prior knowledge from a series of questions
asked in a survey conducted at the Faculty of Computer and Mathematical Sciences at
University Technology MARA, Malaysia. The subject domain chosen for this study is a
topic taught to undergraduates in the field of Computer Sciences, in the subject of
Operating Systems, i.e., Memory Management Concepts. This study utilizes a multimedia
application that is shown to a total of 257 students. Early results from the recall and transfer
tests indicate that students' individual differences play a vital role in learning outcome. As
expected, the low prior knowledge group scored significantly in the recall tests as compared
to the transfer test, and the high prior knowledge group performed comparatively better in
the transfer test. This suggests that educational designers who wish to foster learning and
understanding should incorporate learners' prior knowledge as a design principle.

Introduction

Learning with computer-generated visualizations has become a topic of major interest in recent years.
According to Mayer (2001, 2009), multimedia learning is learning from words and pictures and
multimedia instructional message, multimedia instructional presentation, or multimedia instruction, is
presentation involving words and pictures that is intended to foster learning. Moreover, display design
and multimedia contribute significantly to learner performance (Austin, 2009; Rias & Zaman, 2009,
2011).

Prior knowledge is as important as the learning ability. However, students may have greater prior
knowledge, experience and intensive interest, yet have only average learning ability. Using prior
knowledge in instructional methods seems to be helpful for students with limited knowledge (Pacheco,
Henriques, Almeida, & Mendes, 2008). One of the most persistent findings in the literature of adult
learning is that prior knowledge acts both as a filter and as a cognitive peg; restricting and facilitating the
acquisition of new knowledge. What one already knows about a topic and one's perspective regarding that
topic influences what is remembered (Mayer, Dow, & Mayer., 2003). Prior knowledge has been
considered the most important single factor that influences learning. Jonassen and Grabowski (1993)
defined prior knowledge and achievement as the knowledge, skills or abilities that the learners brings to
the learning environment before the instruction. Hannafin (1997) suggested that compared to individuals
who have lower prior knowledge, individuals who have higher prior knowledge can quickly determine
their needs, generate their own learning strategies, and assimilate new information to their existing
knowledge structure. Reiber (1990) also stated that related prior knowledge provides learners with unique
relevant elaboration that is unavailable to learners with limited prior knowledge. It is suggested that
knowledge will be encoded more meaningfully and retrieved more easily by learners with high prior
knowledge. According to Kalyuga, Chandler, and Sweller (2004) the level of learners' prior knowledge or
experience could affect the effectiveness of an instructional technique. It could be predicted that students
understanding of a topic in multimedia application could depend on levels of learners' prior knowledge,
thus, the motivation for this study. To investigate further, this study will look at the effects of low prior
knowledge students and high prior knowledge students on both recall and knowledge transfer for a
subject taught to undergraduates in the field of information technology and computer sciences.

The subject taught in this multimedia presentation is a topic from operating systems, memory

management. Operating Systems (OS) is an important course in many Computer Science, Information
Science and Computer Engineering curricula. Some of its topics require a careful and detailed explanation
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from the lecturer as they often involve theoretical concepts and somewhat complex calculations,
demanding a certain degree of abstraction from the students if they are to gain full understanding (Park &
Gittleman, 1992; Maia, Machado, & Pacheco, 2005).

The effects of prior knowledge

Prior knowledge has a marked effect on learning outcomes (Shapiro, 2004). Mayer and Anderson (1992)
found that learning significantly improved for students who possess low prior knowledge when verbal and
visual information are presented simultaneously. They suggested that experienced students might be able
to build referential connections between verbal and visual information and their existing knowledge on
their own. A theoretical rationale argued by Mayer (2001), is that high-knowledge learners are able to use
their prior knowledge to compensate for lack of guidance in the presentation - such as by forming
appropriate mental images from words — whereas low-knowledge learners are less able to engage in
useful cognitive processing when the presentation lacks guidance.

In a study looking into prior knowledge as a subject variable that changes outcomes of learning, Shapiro
(2004) strongly suggests a relationship between prior knowledge and learning outcome. McNamara,
Kintsch, Songer, and Kintsch (1996), used high-school biology content, in which additional explanatory
text was found to benefit only low prior knowledge students. High prior knowledge learners benefited
more from minimally coherent instructional materials. McNamara, Kintsch, Songer, and Kintsch (1996)
suggested that this effect could be a function of more active processing required by the high prior
knowledge learner. Kalyuga, Chandler, and Sweller (1998) suggested that the redundancy effect might be
a reasonable alternative explanation for these results.

In a different study examining instructional strategy, visualisation, locus of control and prior knowledge
(Akanbi & Dwyer, 1989), 206 university students were exposed to a 2000 word unit describing the human
heart and its processes. The instructional strategies under study were inductive (discovery / low
disciplined) or deductive (didactic / high disciplined). Visualisation supports were considered
supplementary for this study, and the treatment conditions were the presence or absence of visualisations
in the instructional materials. Students with internal locus of control were expected to benefit more from
inductive learning strategies. High prior knowledge learners were expected to perform better than medium
and low prior knowledge learners. Results of the study found that high prior knowledge learners
performed better regardless of instructional strategy, and that the presence of visualisation reduced
differences in performance of medium and low prior knowledge learners in a test of comprehension.

In a study conducted by Owens and Dwyer (2005), 180 students identified as having high or low prior
knowledge were randomly assigned to one of three groups: (a) animation (control); (b) animation with
attention-directing strategies; and (c) animation with visual-elaborating strategies. Significant differences
in achievement were realized on the criterion measures between students identified as possessing high and
low levels of prior knowledge. Based on the literature, the expectation was that low prior knowledge
students would benefit from the additional cueing because they were given more stimuli through
visualisation and, thus, would perform as well on the criterion tests as high prior knowledge students. The
study (Owens & Dwyer, 2005) contradicts this research. The low prior knowledge students performed
contrary to the research literature. The data analysis showed that the scores decreased from treatments (a)
to (c). A major difference between high and low prior knowledge students is that the high prior
knowledge students possess knowledge structures which contain a larger number of knowledge units and
the structures are better organized. When supporting knowledge exists, learners gain the capacity to
compare and contrast to-be-learned instruction within existing knowledge, providing uniquely relevant
and elaborate knowledge unavailable to learners with limited prior knowledge. Consequently, lessons or
knowledge generally will be encoded more meaningfully and retrieved more successfully by learners with
high versus low prior knowledge (Rieber, 2004). In another similar study, Zhu and Grabowski (2004)
investigated the instructional effects of various animation strategies in facilitating the achievement of
students on tests measuring different educational objectives (drawing, identification, terminology and
comprehension). Three treatment groups were involved and included static graphic, animation used as an
attention-gaining strategy, and animation used as an attention-gaining and elaboration strategy. The
findings of this study showed that students with lower prior knowledge performed equally well to those
with high prior knowledge in all three treatments. This result was contrary to much previous research that
showed high prior knowledge students performing better than low prior knowledge students regardless of
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treatment. This factor could probably be explained by dual coding theory. Students with low prior
knowledge are helped more when verbal and visual information is presented simultaneously since it helps
them build referential connections (Mayer & Anderson, 1992). There was a significant difference
between the high and low prior knowledge participants in the pretest, but the differences were reduced to
insignificant differences in the four achievement tests after they went through the treatments (Zhu &
Grabowski, 2004).

In research on constructing mental models (Schnotz & Bannert, 2003), low and high prior knowledge
were the indicators used to measure learning from verbal and pictorial representations. Learners with low
knowledge benefit from pictures in a text, whereas learners with higher prior knowledge seemed to be
able to construct a mental model of the described content only from the text (Mayer, 1997). This research
result suggests that pictures facilitate learning only if individuals have low prior knowledge and if the
subject matter is visualised in a task-appropriate way. Schnotz and Bannert (2003) suggest that good
graphic design is important for individuals with low prior knowledge who need pictorial support in
constructing mental models. Well-designed pictures are also important for individuals with high prior
knowledge because these individuals can be hindered in their mental model construction through
inappropriate forms of visualisation.

Many researchers use prior knowledge as an important factor in determining the students' achievement
level. The use of prior knowledge has appeared in a variety of subjects such as mathematics, science,
language and even computer science. Results have not been consistent and have varied according to
different domains. Researchers have agreed on this and proposed that more research be conducted on in
the area of prior knowledge.

Assessment of multimedia learning

In terms of learning and deeper understanding, a comprehensive assessment is needed. Previous research
focused on transfer and retention (recall) learning (Mayer, 2001, 2009). Noting that retention is an
important aspect of learning, where the learner is able to remember what was presented in the multimedia
treatment, Mayer's cognitive theory of multimedia learning (CTML) contends that deeper learning occurs
when students can transfer the concepts and processes to novel situations, and can demonstrate
understanding by inference and induction. The theory of multimedia learning focused on a demonstration
of various design principles, with transfer and recall performances measured by short assessments
following a scientific, process-oriented learning module.

Method
Participants

A total of 257 students participated in this study. All students were from the Faculty of Computer and
Mathematical Sciences at UiTM, Malaysia (173 females and 84 males). There was an uneven number in
terms of gender due to the current situation at Malaysian universities where the female population far
exceeds the male population. The age of the participants is around 20-24 years old.

Materials and procedure

The multimedia system was developed using Macromedia Flash MX 2004™. The instructional design is
self-paced and content was closely aligned with the textbook (Silberschatz, Galvin, & Gagne, 2009) used
by instructors teaching this subject. All the participants had to take a prior knowledge survey before
sitting for the treatment. The prior knowledge survey was conducted in a classroom setting in two
different sessions of 20 minutes. This is to determine if the students had high or low prior knowledge. A
similar methodology was used by Moreno (2004) to conduct research on cognitive load and student
understanding. Some of the questions in the survey asked if students had taken the subject of operating
systems (OS) prior to this survey; (some first year students had already taken an introductory course in
OS in their Diploma). Also some basic questions on memory management were asked and students were
supposed to tick in the available boxes if they were familiar with certain terms. After completing the prior
knowledge survey, students were divided into two groups, which was low prior knowledge and high prior
knowledge. The low prior knowledge group consisted of students who scored less than 50% in the prior
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knowledge survey and high prior knowledge group scored greater than 50%. A total of 120 students from
that pool of students were identified as low prior knowledge and 137 students were in the high prior
knowledge category. An initial investigation indicated that students who were categorized in the high
prior knowledge category were undergraduate students who had completed their diploma in computer
science and were continuing their degree with some transfer credits; whereas, the low prior knowledge
students were foundation students in their first semester.

The experiment

Experimental sessions were conducted at different times. This is because the experiment was conducted
during the semester where students' class schedules were full and there was a limited number of labs in
the faculty to conduct the experiments at the same time. The multimedia-based instruction gave an
explanation of memory management concepts, as part of the syllabus in operating systems, which
consisted of background on memory management, swapping technique, contiguous allocation technique
and paging technique. Then the students were asked to view the multimedia instruction, which was
installed on each computer in the computer lab. The animation was self-paced and interactive. Students
could view the animation with the play button and they could rewind, pause or stop according to their
needs (see Figures 4 and 5 to view samples of the interactive multimedia instructions). After the
treatment, each participant had to take a post-test. The system with animation and text had animation
designed using Macromedia Flash and the computer concepts of swapping, contiguous memory allocation
and paging techniques were explained using animation. All students were given two hours to view the
multimedia learning system and then they were asked to answer the recall and transfer questions.

Post-test

A multiple-choice, paper-based test was given to all participants who viewed the multimedia treatment.
This test procedure followed the conventional paradigm used to evaluate the mental model constructed
during multimedia learning (Mayer & Anderson, 1992). All the course materials and test questions were
validated by the subject matter experts from the Faculty of Computer and Mathematical Sciences, UiTM,
Shah Alam. The tests were divided into two parts, the recall test and transfer test. The recall test asked
questions which required students to recall or remember some basic facts mentioned in the slides. Figure
1 shows a sample of a recall type test question.

When a process arrives in a contiguous allocation and needs memory, we search for a
large enough for this process. If we find one, we allocated only as much
memory as needed and then compete for the CPU.

a) Driver
b) Partition
c) Address
d) Page

Figure 1. Sample of recall test question.

The transfer test required students to solve some problems based on the knowledge learned in the
multimedia system. Figure 2 shows a sample of a transfer test question.

Calculate the physical address for the logical address of:

1,0)
a) 32
b) 27
c) 35
d) 22

Figure 2. Sample of transfer test question.
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The recall test had some fill-in-the-blanks and multiple-choice questions whereas, the transfer test had
only multiple-choice questions. The transfer test required the students to really understand the calculation
method and formula to solve the problem stated.

High

Prior
Knowled Experiment
Multimedia Instruction:
- Animation
- Text 1) Recall Test
Demographic - voice > 2) Transfer Test
and prior
knowledge
—>]

Low
Prior
Knowled

Figure 3. Graphical representation of the research design.
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Paging

Paging is a memory management scheme that allows the physical address space of a
process to be non-contiguous. This method is commonly used in most operating systems.

The basic method for implementing paging involves breaking physical memory into fixed-
sized blocks called frames and breaking logical memory into blocks of sizes called pages.

logical
address

physical memory.

page table

slide 1 of 4

Figure 5. Paging screen.
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Results
Effects from recall and transfer scores

The importance of low and high prior knowledge is based on the individual differences principle in
Mayer's cognitive theory of multimedia learning. This principle states that design effects are stronger for
low-knowledge learners than for high-knowledge learners. Since the test scores are normally distributed
and variance is constant, a t-test is therefore conducted. Below is the hypothesis and results for this
investigation.

Hypotheses 1: There is a significant difference for low prior knowledge students and high prior
knowledge students on the recall score test (%). (Ho: frow = Hrigh  VS. Hi: Hiow # Mhigh)

Table 1

Independent sample t-test on the recall score test
Student Mean Std. Deviation N t p
Low prior knowledge 64.33 18.55 120 6.25 <0.001
High prior knowledge 50.00 18.17 137

Based on Table 1, the results indicate that there was a significant difference between low prior knowledge
and high prior knowledge students on the recall score tests p = 0.000. But in this result, students who had
a low prior knowledge on operating systems got a higher mean score (64.3%) as compared to the students
with high prior knowledge (50.0%) on the recall score test.

Hypotheses 2: There is a significant difference for low prior knowledge students and high prior
knowledge students on the transfer score test (%).(Hyp: pirow = HHigh  VS. H ! fiow # HHigh)

Table 2

Independent sample t-test on the transfer score test

Students Mean Std. Deviation N t p
Low prior knowledge 34.64 18.02 120 -13.13 <0.001
High prior knowledge 60.40 13.31 137

Based on the independent sample #-test result, there was a difference between low prior knowledge and
high prior knowledge students on the transfer score tests since p < 0.05. The high prior knowledge
students got higher score (60.4%) as compared to the low prior knowledge students (34.6%) on the
transfer score. This result corresponds to what was expected of this research. Both the hypotheses were
accepted.

80.00% 64.3%50.0% 60.4%
60.00%
40.00% 34.6% H Recall
7 N Transfer
20.00% / Transfer
0.00% . / Recall
Low
High

Figure 6. Mean score of recall and transfer tests for low and high prior knowledge students.
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Effects from prior knowledge

Hypotheses 3: There is a significant difference on student recall scores and transfer scores for low prior
kn0W1edge StUdentS~ (H(): MRecall = WTransfer VS. Hl: HRecall 3& HTransfer)

;2?:251’3 sample t-test on the score test for low prior knowledge students

Test Mean Std. Deviation N t p
Recall knowledge scores 64.33 18.55 120 13.42 <0.001
Transfer knowledge scores 34.64 18.02 120

A paired samples 7-test was used to compare the recall and transfer score tests on low and high prior
knowledge students. A paired sample #-test compares the means of two variables. It computes the
difference between the two variables for each case, and tests to see if the average difference is
significantly different from zero (Montgomery, 2001).

Based on the paired #-test result that can be observed in Table 3, there exists a difference between recall
knowledge scores and transfer knowledge scores for low prior knowledge students since the p-value =
0.000. Students who had low prior knowledge on operating systems got a higher score on recall
knowledge questions (64.3%) as compared to those students who answered the transfer knowledge
questions (34.6%).

64.33%
70.00% -

60.00% -
50.00% -
34.64%
40.00% -
30.00% -
20.00% -

10.00% -

0.00% T .
Recall Knowledge Scores  Transfer Knowledge Scores

Figure 7. Cone chart on recall and transfer tests for low prior knowledge students.

Hypotheses,: There is a significant difference on student recall scores and transfer scores for high prior
knOWZ@dge students. (HO MRecall = M Transfer VS- Hl-' M Recall ;é ﬂTransfer)

;2?1}2; sample t-test on the score test for high prior knowledge students

Test Mean Std. Deviation N t p
Recall knowledge scores 74.96 15.86 137 13.14 <0.001
Transfer knowledge scores 50.00 18.17 137

Based on the paired t-test result in Table 4, there was a difference on recall knowledge scores and transfer
knowledge scores for high prior knowledge students since the p-value = 0.000. Students who had a high
prior knowledge on operating systems got a higher score on recall knowledge questions (75.0%) as
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compared to students who attempted the transfer knowledge questions (50.0%). The hypotheses were
accepted.

74.96%

80.00% 50.00%
60.00%

40.00% 1\
20.00%

0.00%
Recall Knowledge Transfer Knowledge
Scores Scores

Figure 8. Cone chart on recall and transfer tests for high prior knowledge students.
Students' reaction to treatment

After viewing the system, 10 students from the two groups which consist of 5 low prior knowledge
students and 5 high prior knowledge students were asked about the multimedia software that they had
viewed. When asked which topic was the most challenging or the most difficult to understand, most
students, especially from the low prior knowledge category had replied "Paging". Students had to spend
more time learning the Paging section compared to the other sub-topics.

Students felt that the treatment was a good aid for learning. They found it motivating and useful,
especially when understanding the concepts in memory management. Students especially enjoyed
viewing the animation. The low prior knowledge students who had never learnt this topic felt that they
could understand most of the concepts easily, except Paging, which took them more time to understand.
The high prior knowledge students felt that the system was very useful and helped them recall what they
had learnt previously in the Diploma level. When asked if the system could replace a traditional lecture in
the classroom, all the students disagreed that the system should replace the lecturer. They felt that a
lecturer is still needed to explain the topic in more detail.

Students agreed that the questions asked in the tests were relevant to the multimedia treatment.
Nevertheless, some students felt that they needed more examples in the system to actually understand the
calculation part in Paging. The two examples shown were not enough.

Discussion

The research investigated whether students' prior knowledge affects the post-test outcome of students who
entered the undergraduate degree program at UiTM from either Matriculation or Diploma programs. The
findings of this research could be useful for both educators and learners to know if high and low prior
knowledge of learners have any significant effect in learning outcome using different modes of
instructions. Findings of this study indicated that there was a difference for students with low and high
prior knowledge on the recall score tests. Results showed that students who had low prior knowledge on
operating systems obtained a higher mean score, compared to students with high prior knowledge. As for
the transfer score test, there was a difference for students with low and high prior knowledge. Students
with high prior knowledge obtained a higher score compared to students with low prior knowledge.

When a paired #-test was conducted to compare results of students in the low prior knowledge category
only, there was a significant difference for recall knowledge scores and transfer knowledge scores.
Students with low prior knowledge on operating systems obtained a higher score on recall knowledge
questions compared to students with low prior knowledge who answered the transfer knowledge
questions. Finally, when a paired t-test was conducted to compare results of students with high prior
knowledge category only, there was a significant difference for recall knowledge scores and transfer
knowledge scores. Students with high prior knowledge on operating systems obtained a higher score on
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recall knowledge questions compared to students with high prior knowledge who answered the transfer
knowledge questions.

Based on the literature investigated, design effects are stronger for students with low prior knowledge
than for students with high prior knowledge (Mayer, 2001). Mayer also stated that the theoretical
rationale for this effect is due to the fact that learners with high knowledge are able to use their prior
knowledge to compensate for lack of guidance in the presentation (such as forming appropriate mental
images from words), whilst learners with low prior knowledge are less able to engage in useful cognitive
processing when the presentation lacks guidance. When well-designed instruction is presented, high and
low knowledge learners will both be able to understand the presentation. In this scenario, low knowledge
learners would benefit most from the implementation of good design principles. Furthermore, according
to Renkl (2002), worked examples that require students to self explain may prove beneficial to students
with high domain knowledge because the worked examples provide additional or corrective information
that may allow students to build on to their schema. This explains why in this current research, students
with high prior knowledge scored better in the transfer tests.

In order to obtain a deeper insight to the results on recall and transfer tests of the students from both low
and high knowledge category, another two hypotheses were developed (Hypotheses 3 & 4). The findings
showed that there was a significant difference in recall and transfer knowledge scores for students with
low prior knowledge. Students with low prior knowledge on operating systems obtained a higher score on
recall knowledge questions compared to students who answered the transfer knowledge questions.
According to Schnotz and Bannert (2003), graphics facilitate learning only if individuals have low prior
knowledge and if the subject matter is visualized in a task-appropriate manner. Good graphic design is
beneficial for individuals with low prior knowledge who need pictorial support in constructing mental
models. However, it is also beneficial for individuals with high prior knowledge. This is inappropriate
because forms of visualization can hinder their mental model construction (Schnotz & Bannert, 2003).

Findings on students with high prior knowledge also indicated that there was a significant difference for
recall and transfer knowledge scores. Students with high prior knowledge on operating systems obtained a
higher score on recall knowledge questions compared to those who did the transfer knowledge questions.
Students with high prior knowledge had learned the subject of operating systems and thus, had an added
advantage compared to students with low prior knowledge. Owens and Dwyer (2005) in their study
showed that students with high prior knowledge have developed a knowledge structure that is better
organized with a larger number of knowledge units. When supporting knowledge exists, learners gain the
capacity to compare and contrast to-be-learned instruction within existing knowledge, providing uniquely
relevant elaboration unavailable to learners with limited prior knowledge. Consequently, lesson
knowledge generally will be encoded more meaningfully and retrieved more successfully by learners with
high versus low prior knowledge (Rieber, 1990).

Basically, both learners with low and high prior knowledge performed better in recall compared to
transfer questions. However, after examining the results, students with high prior knowledge performed
better in the transfer questions compared to students with low prior knowledge, even though the total
scores were not significant. The transfer questions required students to think and apply what they knew to
solve problems. Some mathematical questions were asked which required them to use some formulae. As
expected, students with low prior knowledge did not perform well in the transfer knowledge questions.
Serafino (1998) found that students with high prior knowledge often performed better with complex
problem-solving questions. This is because transfer is described as the ability of students to apply prior
knowledge to a setting, which is sufficiently novel to indicate that new learning is required (Serafino,
1998). Based on this research, the results obtained showed that some interaction had occurred between
prior knowledge of students and instructions learned to produce some effective transfer of knowledge.

It was expected that the students with high prior knowledge would perform better than students with low
prior knowledge in each treatment. The plausible reason for this is that the animations and graphics were
able to attract the students' attention to the animation itself instead of the instructional content. The
repeated movement of the animation in the form of boxes in the paging and contiguous memory
allocation segments plausibly had bored the students. Moreover, students were not motivated enough to
participate in the study since their performance would not affect their course grades. The results obtained
for this section did not come as a surprise. Students with low prior knowledge scored higher marks in the
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recall test compared to the students with high prior knowledge. This finding concurs with previous the
literature on this aspect (Mayer, 2001; Mayer & Moreno 2003; Moreno, Mayer, Spires, & Lester, 2001).

Conclusion

The research investigated whether students’ prior knowledge affects the post-test outcome of students
who entered the undergraduate degree program at UiITM from either Matriculation or Diploma programs.
Findings of this research are useful for educators and learners to gauge the influence of a multimedia
application on high and low prior knowledge learners on learning. This experience has developed a better
understanding of the relationship between student experience levels and instructional design methods as
suggested by Sweller (1999) and Rias & Zaman (2009).
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