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ABSTRACT 
 
This study aimed to compare the learning effectiveness of 11th grade indigenous 
students who received example-based math instruction (experimental group) and 
those who received conventional textbook-based math instruction (control 
group), as well as explore any changes in their attitude towards and interest in 
learning. We also surveyed the experimental group about their views of example-
based teaching, the results of which can serve as reference for indigenous 
education. This was a quasi-experimental study using a two-group design as well 
as pre- and post-testing.  We sampled a total of 32 indigenous 11th graders, who 
were categorized into experimental and control groups of 16 subjects each. All 
subjects attended six 50-min classes over a period of one week. After the 
experiment, we compared the two groups in terms of learning achievements, 
attitude towards and interest in learning. All data was analysed using statistical 
software and the main findings are as follows: (1) The learning achievements of 
the experimental group significantly exceeded those of the control group. (2) 
Example-based math instruction provides students with ample learning 
opportunities and contributes to adaptive education; it is worthy of further 
research.  (3) Example-based math instruction improved students’ attitude 
towards and interest in learning.  
 
Key words: Cognitive load theory, efficiency of instruction, problem schema, math 
instruction. 

 
 
INTRODUCTION 
 
Research background and objectives 
 
Since the 1980’s, educators worldwide have emphasized 
improving the mathematical problem solving ability of 
elementary and middle school students. The nine-year 
compulsory curriculum in Taiwan also stresses cultivating 
problem solving ability in mathematics. After reviewing 
local and international studies, however, Chiu et al. (1995) 
found that math is one of the most challenging subjects for 
elementary and middle school students.  Many surveys 
have also revealed that math is the subject that indigenous 
students struggle the most with (Li, 1982; Chen, 1992).  
Although there are many reasons why students experience 

difficulty in learning math, from the perspective of 
cognitive psychology, the difficulties relate to cognitive 
information processing.  

Cognitive load theory employs information processing 
theory to explain the limitations of human cognitive 
resources. If a learning activity requires more cognitive 
resources than a learner can utilize, cognitive overload 
results, leading to the failure of the learning activity. The 
objective of cognitive load theory is to design curriculum 
materials and activities to reduce the cognitive load of 
learners and thereby improve learning effectiveness.  

According to Sweller (1998), when students cannot 
effectively solve problems it is often due to an overlap of 
activities in the cognitive process, which occupies too much 
cognitive space and thus affects the organization of the 
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schema. Aryes (2001) found that in the process of solving 
algebraic problems, students made more mistakes when  
performing tasks associated with heavier cognitive load. 
The errors were not because students hadn’t understood  
the problem-solving guidelines but rather were due to the 
limited capacities of their working memories.  

As far as how to assist learners in building suitable 
schemas, scholars of cognitive load theory have developed 
an example-based teaching method: First, learners are 
guided in studying complete examples of problem-solving 
processes, helping them to concentrate their limited 
cognitive resources on building schemas. Next, learners 
work on solving a variety of problems, which aids them in 
building an automated problem schema. This example-
based approach to teaching can enhance the problem 
solving capability of students.    

Based on the above, our main objective was to compare 
example-based math instruction, based on cognitive load 
theory, with conventional math instruction, as well as 
examine how these different teaching methods influence 
the learning effectiveness of indigenous 11th graders.  We 
then surveyed students in the experimental group, 
soliciting their viewpoints on example-based teaching, 
which can serve as reference for math instruction for 
indigenous students.  
 
 
LITERATURE REVIEW 
  
Cognitive load theory  
 
Basic assumptions  
 
Humans rely on the working memory to process incoming 
information. It is not until this information is effectively 
coded and stored to the long-term memory that it becomes 
structured knowledge. But the working memory has limited 
capacity and becomes overloaded if there is too much 
information to be processed, resulting in learning 
difficulties. Psychological research has shown that the 
difference in problem-solving capability between an expert 
and amateur is mainly attributable to the amount of 
structured information stored in the long term memory. 
Facing a problem scenario, an expert is able to recall 
effective strategies from his/her long-term memory and 
successfully solve the problem. In contrast, an amateur is 
often unable to recall suitable strategies from his/her long-
term memory and so must rely on searching his/her 
working memory, burning through its capacity and leading 
to cognitive load.  

A schema is an organized pattern of linked information. 
The long-term memory stores information through the use 
of schemas, which are more effective in both storing and 
searching for information, and can also reduce cognitive 
load in the working memory.  With sufficient practice, 
schematic operations can be automated, which reduces the  

 
 
 
load on the working memory as automated processing is 
generally not consciously controlled. This saves working  
memory space and allows it to process more information.  
 
Types of cognitive load 
 
Intrinsic cognitive load: Intrinsic cognitive load is affected 
by the inherent level of difficulty associated with elements 
of the instructional material, rather than by instructional 
designers. The different levels of knowledge and experience 
among students also lead to differences in intrinsic 
cognitive load.  
 
Extrinsic cognitive load: Extrinsic cognitive load is 
attributable to the manner in which material is presented 
(teaching methods), and the design of instructional 
materials or activities. This core extraneous load is under 
the control of instructional designers.  
 
Germane cognitive load: Germane cognitive load relates 
to attracting the attention of students through instructional 
design in order to build schemas. The way that materials 
are presented can not only reduce extrinsic cognitive load 
but also aid students in building schemas.  
 
 
Teaching principles of cognitive load theory  
 
Worked example effect: Teachers first present students 
with examples of how to solve a problem or perform a task 
before introducing procedural knowledge, reducing 
extrinsic cognitive load.  
 
Completion-problem effect: Teachers partially 
demonstrate how to solve a problem and then leave 
students to complete the problem solving process, which 
can reduce extrinsic cognitive load.  
 
Modality effect: Different types of information are 
processed through different channels. The working 
memory has two information processing systems, being 
visual (for example, animation) and auditory (for example, 
narration). Utilizing both systems can reduce short term 
memory load.  
 
Goal-free effect: Allowing students to freely express any 
step and outcome in their thinking process.  
 
Split-attention effect: When learners must integrate 
various types of information, the information should be 
presented in the same place and at the same time. If not, 
students must split their attention between the materials, 
which increases cognitive load.  
 
Redundancy effect: This scenario involves various types of 
information. However, here the information can be 
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independently presented and does not need to be 
integrated in order to be understood. If this information  
were presented in the same manner at the same time, it 
would increase working memory load.  
 
Variability effect: This refers to changing problem 
scenarios and contexts when students are practicing 
problem-solving. Although the variability effect generates 
cognitive load, it also assists in the transfer of learning and 
the development of schemas.  

 
 
RESEARCH QUESTIONS  
 
Based on the objective, the questions that we sought to 
answer through this research were as follows: 
 
(1) Is there a difference in learning achievement between 
the experimental group (example-based math instruction) 
and the control group (conventional math instruction)?  
(2) In the experimental group, did the example-based 
teaching approach affect their attitude towards and interest 
in learning?  

 
 
Definition of terminology 
  
(1) Cognitive Load Theory (CLT): Cognitive load theory 
emphasizes adopting example-based in instructional 
design.  By problem-solving steps in examples-based would 
not only reduce learners consciously understand its steps 
on cognitive resource, but also focus other cognitive 
resources on understanding problem structure, and it 
effectively helps problem schema forming (Tu, 2007). 
 
(2) Problem schema: Problem schema means a specific 
problem type characteristics and those form a package of 
information.  For example, the problem schema about 
trigonometric functions may include the following 
information: the lengths of two sides for the right triangle is 
the basic information, and the object of problem solving is 
getting the third side length of the right triangle, 
furthermore, calculating expressions would include 
applications of Pythagorean Theorem  (Tu, 2007).  
 
(3) Example-based math instruction: Based on the 
viewpoints of cognitive load theory, example-based math 
instructions uses complete examples of problem solving 
processes to help students build strong problem schemas. 
 
(4) Conventional math instruction: This teaching 
approach favours heuristic techniques and can easily lead 
students to invest their limited cognitive resources in 
heuristics strategies rather than building and automating 
problem schema.  

 
 
 
METHODOLOGY  
 
Subjects  
 
Our subjects were 32 indigenous 11th graders, chosen by 
convenience sampling from a high school in Pingtung 
County. Based on their average scores in the previous 
school year, the subjects were divided into experimental 
and control groups of 16 members each. T-testing of their 
marks produced a t-value of 0.08 (p>0.05), indicating that 
there was no significant difference in the scores of the two 
groups prior to our study.  
 
 
Research design  
 
We conducted a teaching experiment using a two-group 
design as well as pre – and – post testing.  The main steps in 
designing our experiment were as follows:  
 
(1) Subjects were randomly divided into experimental and 
control groups; 
(2) Both groups were pre-tested before the experiment.  
(3) Both groups were post-tested after the experiment. We 
also conducted a survey of the experimental group. 
 
 
Research instruments 
 
We employed three types of research instruments: Two-
group design, the questionnaire survey of the experimental 
group, and testing of learning achievements.  We took the 
questionnaire of “Cognitive load example-based 
instruction” Liang (2001) as reference for the 
questionnaire of “example-based instruction in 
mathematics problem-solving by the view of cognitive load 
theory”, and two experts, who are mathematic department 
professors of National Kaohsiung Normal University, 
reviewed it, and then we amended it according to their 
advices.  We conducted the survey to experimental group 
after instructional experiment research, and mainly aim to 
understand students’ view of “cognitive load example-
based instruction” and whether they had any changes or 
differences in the perspectives of “learning attitude” and 
“learning interest”…etc after instructional experiments.  
 
 
Teaching methods in the experimental group  
 
In the experimental group, we used complete examples of 
problem-solving processes to help students build strong 
schemas. The teaching methods are described below in 
accordance with cognitive load theory: 
 
Using examples to reduce intrinsic cognitive load: In 
recent years, many experts on cognitive load theory have  
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had reasonable success in manipulating instructional 
design to reduce intrinsic cognitive load. Aryres (2006) 
indicated that the interaction of problem elements must be 
considered when providing examples. If problem elements 
are more interactive, then demonstrating all the problem-
solving processes in one go may not be effective in reducing 
the intrinsic cognitive load of learners.  

As proposed by Ayres (2006), the isolated-elements 
strategy reduces intrinsic cognitive load by reducing the 
complexity of instructional material. The problem is 
presented in full at the start but then divided into several 
sub-problems, which the learner solves one at a time.  

Example problem: 11th grade math textbook, volume III 
Using the isolated-elements strategy, the vector example 

is as follows: Set the vector  
 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 
 

 
 

 

 
 

 
 
Using examples to reduce extrinsic cognitive load: 
According to cognitive load theory, extrinsic cognitive load 
is often attributable to poor instructional design, in which 
the split-attention effect is fairly common. The split-
attention effect means that when there are two or more 
learning materials, then unless these materials are 
integrated, students must divide their attention between 
the two, which increases cognitive load. Sweller (1994) 
indicated that care should be taken to prevent the split 
attention effect when designing problem examples.  

An example of reducing the split-attention effect is 
illustrated in Figure 1. 

A ○1○2 sequence allows students to comprehend this 
problem using fewer cognitive resources, thus reducing 
extrinsic cognitive load. So to reduce the split-attention 
effect, students must follow a ○1○2 sequence when 
studying examples, which requires fewer cognitive 
resources, reduces extrinsic cognitive load, and aids in 
developing problem schemas.   
 
Using examples to increase germane cognitive load: The 
main purpose of example-based teaching is to help students 
build suitable schemas through studying examples and 
practicing problem-solving. According to cognitive load 
theory, germane cognitive load can be improved through 
instructional design, leading to the development of 
schemas.  
In summary of this, example-based teaching works through 
instructional design to reduce intrinsic and extrinsic 
cognitive loads, and increase germane cognitive load, in 
order to help students build appropriate problem schemas. 
 
 
RESULTS  
 
Comparison of learning achievements  
 
After the experiment, we entered all the pre and post test 
results into the computer and employed SPSS and Excel for 
statistical analysis: 
 
(1) The t-value of pre-test results was 0.084 (p>0.05), 
which indicated that there was no significant difference in 
pre-test scores between the two groups, and that their basic 
capabilities were equivalent. 
(2) We also conducted t-tests to compare the pre and post 
test results of the groups: 
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Figure 1. An example of reducing the split-attention effect. 

 
 
 
Pre-and-post test scores: Comparison 
 
Table 1 shows that the mean score of the experimental 
group improved from 46.5 to 82.3, while in the control 
group, mean score increased from 46.3 to 71. 
As shown in Table 2, the t value of 2.11＞2.04 (p＜0.05) 
indicates significant difference, demonstrating that the 
experimental group significantly outperformed the control 
group in post-testing.  
 
 
DISCUSSION 
 
There was a significant difference in learning achievement 
between the experimental and the control groups. The 
reasons for this difference are discussed.  
 
1. The example-based teaching approach was developed by 
scholars of the cognitive load theory to assist students in 
building appropriate schemas. First, learners are guided in 
studying complete examples of problem-solving processes, 
helping them to concentrate their limited cognitive 
resources on building a problem schema. Next, learners 
work on solving a variety of problems, which aids them in 
building an automated problem schema. This example-
based approach to teaching can enhance the problem 
solving capability of students.    
2. Conventional math instruction favours heuristic 
techniques and can easily lead students to invest their 
limited cognitive resources in heuristics strategy rather 
than building and automating problem schema, failing to 
improve their problem solving capability.  

Analysis and discussion of example-based teaching 
survey results 
 
The statistical results of this survey are analysed in the 
following four points: 
  
(1) Interest and attitude in learning: After we collected 
the data and ran some statistic, we found from questions 
number 1 to 4 on the questionnaire that 100% of students 
like to learn math by “cognitive load example-based 
instruction” (question 2) and there are 93.75% of students 
feel math class is more interested than before (question 1), 
furthermore, there are 93.75% of students have more 
confidences to learning math (question 4).  From the above 
results, it is proved students’ interests and attitudes in 
learning improved obviously.  
(2) “Cognitive load example-based instruction” on self 
learning: We found that from question 5 to 10, there are 
75% of students feel pressures on math homework is 
getting lower (question 7), and there are 75% of students 
are interested in math class, and not afraid of answering 
wrongly (question 9). 
(3) Students’ opinions of “cognitive load example-based 
instruction” adopted by teacher: We found from question 
number 11 to 14 that there are 68.75% of students got 
more extra-curricular knowledge by “cognitive load 
example-based instruction” (question number 11), and 
there are 87.5% of students feel it’s easier to learn math 
than before (question number 12).  
(4) Students’ opinions of “cognitive load example-based 
instruction”: We found that statistic data from question 
number 15 to 20, there are 81.25% of students feel more  
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Table 1. Mean and standard deviation of pre-and-post test scores of the experimental and control groups. 
 

 Pre-test Post-test Post test – pre test 

Experimental Group (N=16)         

Mean 46.5 82.3 35.8 

Standard deviation 14.53 15.13  

    

Control Group  (N=16)        

Mean 46.3 71 24.7 

Standard deviation 14.25 15.20  

 
 

Table 2. T-test of post-test scores between the experimental and control groups. 
 

Group Mean Variance Degrees of freedom t-value 

Experimental group 82.3 229 
30 2.11* 

Control group 71 231 
 

t30 > 2.042﹐∗p< 0.05 

 
 
relaxed and happy after teacher adopted “cognitive load 
example-based instruction” (question number 15), and 
there are 68.75% of students think it increases interaction 
chance between teacher and students (question number 
17).  Besides, there are 68.75% of students can raise 
questions confidently and not afraid of others laugh at them 
(question number 18) and there are 75% of students like to 
solve problems by the way of “cognitive load example-
based instruction” (question number 19), and also, there 
are 93.75% of students think it expands self view of 
learning and helpful in problem-solving (question number 
20). 
 
 
CONCLUSIONS AND RECOMMENDATIONS  
 
The learning achievements of the experimental group 
significantly exceeded those of the control group.  The pre-
testing average scores of two groups were very close, 
(experimental group was 46.5 and control group was 46.3). 
However, after experiment, the post-testing of two groups 
in analysis T value of T-test is 2.11 (p<0.05), which reaches 
significantly different.  It means experimental group is 
significantly better than control group in learning 
achievements after experiment.  The results do not conform 
to Tu’s (2007) research result, which stated “example-base 
instruction is more suitable for students with lower scores 
in pre-testing and beginners who do not have problem 
schema”.  Furthermore, Tatar and Dikici (2008) reported 
that one of the reasons of students' disabilities in the 
mathematics is the deficiencies of their prior knowledge. 
Therefore, it can be concluded that students' prior 
knowledge both in experimental and control groups 
effected their achievement in the AAT.  It’s almost the same 
as what Kuo (2006) mentioned in her study “ for students 

have less prior knowledge, if learning material is high 
interaction and more complex, it may cause them have 
overload recognized, teachers must pay attention on this”.  
Besides, we also found in this study that example-based 
math instruction can motivate students to learn, stimulate 
their thinking and provide ample learning opportunities, 
improving students’ attitude towards and interest in 
learning. 
 
 
Recommendations 
 
From study results, we know for indigenous senior high 
school students, the experimental instruction was adopted 
to experimental group has more obviously improved than 
control group in learning math.  This is a valuable result; 
however, we also have some suggestions for improvements.  
Therefore, the following suggestions are for materials or 
instructions to reduce extraneous cognitive load:  
 
1. If there is no suitable examples for students to practice in 
textbook, teacher could provide some similar questions for 
practicing.  2. In the instruction design, teacher could 
provide uncompleted solution to students in exercise 
questions and students could complete it.  3. Teacher could 
adjust questions to different situation for students to 
practice.  4. When teacher designs instruction or teaches in 
description questions, we suggest teacher could use oral 
explanation with pictures.  5. Allowing students solving 
questions by their own naturally ideas and they could 
express their thoughts routes and results freely.  6. Having 
more time for students to understand problem-solving 
process in instructional activity and they could handle it 
and have more confidents on solving math problems.  7. In 
practicing exercise, assist students to reduce cognitive load  
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and integrate picture and words and also eliminate 
unnecessary information.  8. Cognitive load theory is given 
the lack of far (cross-context) transfer evidence, along with 
the mixed evidence on near transfer, the ultimate 
usefulness of such narrow instructional objective (the 
acquisition of abstract schemas) is seriously limited 
(Anindito, 2009).   
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