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ABSTRACT-This paper reports on a quasi-experimental research study conducted involving a 
convenient sample of 706 Grade 10 mathematics students/learners. All participants displayed poor 
performance in mathematics problem solving. The study implemented a problem solving instruction4 
intervention in the experimental group and conventional instruction in the control group. To improve 
the efficacy of problem solving instruction the researcher generated instructional conditions to test 
and monitor the split-attention5 effect in terms of mathematical problem solving performance. Split-
attention may increase the cognitive load, which may impact on problem solving performance. Data 
were collected through a cognitive load self-reporting questionnaire and semi-structured interviews. 
The results indicate that meaningful learning and enhancement of problem solving performance is 
achievable when knowledge of the split-attention effect is utilized to improve instructional design. 
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1. INTRODUCTION  
Learners’ problem solving performance in mathematics classrooms is a worldwide concern (Jonassen, 
2000). In many instances efforts have been explored to generate effective instruction to elevate 
learners’ problem solving status in mathematics. Performance in mathematics is thought to be largely 
linked to problem solving ability (Sweller, 1988). Hence problem solving ability is central in addressing 
learners’ performance in mathematics classrooms. This link has been emphasized by several 
researchers (for examples, see, Baloyi, 2011; Dhlamini, 2016; Dhlamini & Mogari, 2013; Gaigher, 2006; 
Sepeng, 2011; Sweller, 1988) with Voskoglou (2008) concluding that problem solving is a principle 
component of mathematics performance. Sweller, Clark and Kirschner (2010) acknowledge that 
“problem solving is central to mathematics” (p. 1303). The importance of problem solving in any 
mathematics study cannot be overemphasized. Kilpatrick, Swafford and Findell (2001) explained that in 
most studies conducted in the domain of mathematics, results have demonstrated that problem 
solving provides an important context in which learners can learn about numbers and other 
mathematical topics. Kontra (2001) proposed that “any mathematical problem solving performance is 
built on a foundation of basic mathematical knowledge” (p. 4). The study that is reported in this paper 
focused on one of the instructional options suggested by cognitive load to accelerate learners’ problem 
solving performance in Grade 10 mathematics. 
 
Problem solving is a cognitive activity (Dhlamini, 2012). According to Jonassen (2000), problem solving 
is generally regarded as “the most important cognitive activity in an everyday and professional 
context” (p. 63). Given this background, it is reasonable to acknowledge that when addressing the 
notion of learners’ problem solving performance it is imperative to recognise the role of cognition. 
Sweller and Chandler (1991) noted that the final objective of a theory in cognition should be to assist in 

                                                
4
. The word instruction is used in this context as a reference to teaching and learning activities taking 

place in mathematics classrooms. In this investigation, learners in Grade 10 mathematics classrooms 
were studied. 
5
. Split-attention is a cognitive phenomenon thought to be experienced when a learner has to mentally 

integrate two or multiple sources of information to understand the learning material such as a diagram 
and its explanatory text. 
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the development of useful instructional design recommendations. Traditionally cognitive load theory 
(CLT) has focussed on improving the quality of teaching methods for problem solving by suggesting 
several options to enhance the design of instruction. One such instructional option is paying attention 
to the split-attention effect when designing problem solving instruction. Split-attention is a cognitive 
phenomenon thought to be experienced when a learner has to mentally integrate two or multiple 
sources or representations of information in order to understand the learning material such as a 
diagram and its explanatory text. Split attention can be best explained against the background of CLT 
using the notion of split-attention effect. The knowledge of the latter may help to improve the 
effectiveness of instructional design by replacing multiple sources of mathematical information with a 
single integrated source of information. It is believed that this instructional approach may lower 
learners’ cognitive load and subsequently enhance mathematical problem solving performance. 
 
The study that is reported in this paper was a part of a larger PhD study, which investigated the effect 
of a context-based problem solving instruction (CBPSI) on the performance of learners who were taking 
mathematics as a subject in Grade 10 (see, Dhlamini, 2012). The results of the quasi-experiment that 
investigated the effect of CBPSI are well documented in Dhlamini (2012). The Dhlamini (2012) article 
explored various instructional options suggested by CLT in an attempt to accelerate participants’ 
problem solving performance in the experimental group (see, also, Dhlamini & Mogari, 2013; Dhlamini, 
2016). The aim of this paper is to illuminate only the component of the PhD study that explored the 
influence of split-attention effect on the participants’ problem solving performance. The results of the 
entire PhD study have been documented in various other publications (see, Dhlamini, 2016, 2012; 
Dhlamini & Mogari, 2013).  
 
2. BACKGROUND ON THE SPLIT-ATTENTION EFFECT AND LEARNING 
Problem solving performance may be established within the broader theoretical framework of 
cognitive load theory (Dhlamini, 2016). One of several instructional design recommendations derived 
from cognitive load theory (CLT) suggests the physical integration of separate but mutually referring 
information sources (such as text and diagrams) when both sources of information are required for 
understanding complex problem solving material (Ginns, 2006; Van Merriënboer & Sweller, 2010). 
Tarmizi and Sweller (1988) were the first to demonstrate that in some cases the profitable effects of 
worked-out example studies on problem solving and schema construction can fail to occur. A worked-
out examples approach is an instructional device that provides a model for solving a particular type of 
problems by presenting the solution in a step-by-step fashion (Renkl & Atkinson, 2010). This 
instructional approach is intended to provide the learner with a sample of an expert’s solution, which 
the learner can study and use as a model for his or her own problem solving steps (Dhlamini, 2015). 
According to CLT, worked-out examples can play a crucial role in guiding the learning process (Atkinson, 
Derry, Renkl & Wortham, 2000). However, worked-out examples should be presented in a manner that 
minimizes the negative effects of cognitive load on problem solving performance. o. 2, pp. 181-214 
 
In their study Tarmiz and Sweller (1988) examined a number of worked-out examples and observed 
that almost all these examples contained separate sources of information. This means that the diagram 
and the explanatory text of the problem were not physically integrated. As a result, the learner’s 
attention is split between two sources of information. Sweller (1999) labelled this cognitive 
phenomenon a split-attention effect and further hypothesized that it interfered with learners’ 
acquisition of problem solving schemas representing the basic domain concepts and examples needed 
for learning through worked exapmles to take place (Tramizi & Sweller, 1988). Some of the studies 
have illuminated the influence of split-attention effect on the learning of crucial cognitive skills such as 
problem solving. The experiment conducted by Tramizi and Sweller (1988) on learners assigned 
participants in one experiment of a multi-experiment study to a conventional problem solving 
condition (control). Learners in an experimental worked-out examples condition were asked to solve 
six pairs of problems, which were similar to those handled in the control group (Atkin et al., 2000). 
Learners in both groups were given a fixed period of time to study their “respective condition-specific 
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material” (Atkin et al., 2000, p. 187). The results of the experiment supported the hypothesis that 
requiring learners to integrate multiple sources of information during problem solving instruction 
would be ineffective, even when presented in a worked-out format (Atkin et al., 2000; Tarmizi & 
Sweller, 1988).  
 
In a subsequent study Ward and Sweller (1990) further investigated the effect of split-attention effect. 
In this study Ward and Sweller altered and modified the design of the Tarmizi and Sweller (1988) study. 
In three long-term experiments conducted with physics learners in a high school they found that the 
split-attention effect was manifested when learners were presented with worked-out examples that 
required them to simultaneously attend to multiple sources of information related to geometry optics 
problems (Atkin et al., 2000, p. 188). However, they also noted that simply reformatting the examples 
to integrate verbal explanations, such as the description of problem sub-goals supported productive 
learning (Atkin et al., 2000, p. 188). There are several other studies conducted in the name of cognitive 
load theory to illuminate the role of split-attention effect in learning problem solving skills by learners 
(for examples, see, Cierniak, Scheiter & Gerjets, 2009; Huk & Ludwigs, 2009; Kalyuga, Chandler & 
Sweller, 2004). Most of these studies are in unison that when the learning material is presented to 
learners in formats the require them to allocate some of their cognitive resources in integrating the 
information, learning is compromised.     
 
3. DEMONSTRATING THE SPLIT-ATTENTION EFFECT 
Split-attention is the phenomenon that occurs as a result of physically separating problem solving 
information (Cierniak et al., 2009). It is the process of simultaneously attending to two distinct sources 
of information (Paas, van Gog & Sweller, 2010). Given that split-attention creates unnecessary visual 
search, it may heighten learners’ cognitive load (Paas et al., 2010). Research has shown that reduction 
in split-attention effect improves learning and problem solving performance (Huk & Ludwigs, 2009). To 
illustrate this cognitive phenomenon further we consider a learner who attempts to study a 
conventionally structured worked-out example in geometry (see, Figure 1). In most cases learners are 
expected to learn geometry from diagrammed problems with textual explanations referring to the 
same concepts (Atkinson, Derry, Renkl & Wortham, 2000). This kind of conventional learning to 
problem solving might impose heavy cognitive load on learners if it is not effectively managed.  

 
Figure 1: An example of a conventional, split-attention diagram and text [Source: Sweller (n.d., p. 1504)] 
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Figure 1 demonstrates a separation between a diagram (triangle ABC) and the accompanying solution 
steps of the problem. According to Sweller (n.d.), the associated statements such as Angle DBE=Angle 
ABC are unintelligible without a diagram. To derive meaning in Figure 1 one has to mentally integrate 
the diagram and the associated solution statements (Sweller, n.d.). An attempt to integrate (reconcile) 
the diagram (triangle) and the solution statement, will require a lot of cognitive resources (working 
memory resources). This cognitive process is likely to heighten the cognitive load, which in turn may 
adversely influence the problem solving performance. However, the integration of the diagram 
(triangle) and the accompanying auxiliary solution statements in Figure 1 may ease the need to retrieve 
cognitive resources to facilitate problem solving performance (see, Figure 2 for an improved 
presentation of Figure 1).  

 

 
Figure 2: An example of an integrated diagram and solution statements [Source: Sweller (n.d., p. 1505)] 

 

 
The working memory load (cognitive load) is reduced in Figure 2 by physically integrating the triangle 
(diagram) and the solution statements. In this instance the learner is released from the effort of having 
to engage in mental reconnection of a diagram and text, which requires a extensive cognitive 
resources. Conventionally, the accompanying solution statements would be placed either below or 
next to the diagram (triangle). In Figure 2 the search for “referents” is eliminated (Sweller, n.d., p. 
1505). Several studies have been conducted in the name of cognitive load theory to demonstrate gains 
in learning by minimizing the effect of split-attention (for examples, see, Atkin et al., 2000; Bannert, 
2002; Tarmizi & Sweller, 1988; Ward & Sweller, 1990). In relation to their findings on the split-attention 
effect, Tarmizi and Sweller (1988) proposed that the “presentation of geometry worked-out examples 
in a format reducing the multiple sources of information should increase the facilitatory effect of the 
material” (p. 425). Their works provide empirical evidence that when learners are presented with the 
diagrammatic problem representations and textual explanations relevant to the diagram, problem 
solving performance is accelerated because the burden of split-attention effect is alleviated (Atkin et 
al., 2000). 
 
The study presented in this paper was largely aimed at documenting the effect of a context-based 
problem solving instruction (CBPSI) on the problem solving performance of participants, when CBPSI is 
compared to conventional problem solving instructions. Split-attention conditions were generated in 
the experimental group where CBPSI was implemented. At the beginning of a quasi-experiment, which 
largely characterized the design of the PhD study, the researcher divided the participants in the 
experimental group into two. The same task was given to both groups. However the presentation of a 
problem solving task was such that in one group the problem stament and the associated questions 
appeared in the same page. In another group the same work appeared on separate pages with a 
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problem statement appearing in one page and related questions appearing in the other. In terms of   
Tramizi and Sweller’s (1988) hypothesis the two conditions are more likely to induce and impose split-
attention effect differently to participants in both conditions. The objective of doing this experiment 
was to explore ways of improving the design of CBPSI to enhance its efficacy byoptimization of 
participants’ problem solving performance. In the next sections this experiment is discussed. 
 
4. METHODOLOGY 
In this section the research methodology of the study is discussed. 
 
4.1 The research design 
The PhD study employed a quasi-experimental approach with a non-equivalence control group design 
(Gay, Mills & Airasian, 2011). In this design two groups are formed, namely the experimental group and 
control group. The researcher introduced CBPSI in the experimental group while four teachers 
implemented conventional problem solving instructions (CPSI) in control schools. Within this design the 
researcher explored the influence of split-attention in the experimental group. 
 
4.2 Sample of the study 
The study sample consisted of a convenient group of 706 learners (experimental group n=378; control 
group n=328). At the beginning of the study all participants wrote a pre-test to measure the initial 
problem solving status. The maximum score for the pre-test was 60. The pre-test mean (M) scores of 
experimental group and control group (Mexperimental=20.9; Mcontrol=22.0) differed by almost 1.1, 
suggesting baseline equivalence of the two groups before intervention. The pre-test results confirmed 
the poor problem solving status of the two groups at the initial stages of the study when judged by 
designated performance classifications in Table 1.  
 

Table 1: Classification of learners’ pre-test scores 

 
4.3 Data collection instruments 
The principal instrument in the PhD study was an achievement test administered in both groups at pre- 
and post-stages of the experiment. The test had been set on the following topics in Grade 10 Financial 
Mathematics: simple and compound interest, hire purchase, inflation and exchange rates. Hence the 
task on the split-attention worksheet addressed the work covered in the same topics. The choice of 
topics was motivated by the perceived challenging nature of the topics for Grade 10 mathematics 
learners (Dhlamini & Mogari, 2013). These topics were identified when teachers were asked prior to 
the commencement of the study about topics that were problematic in Grade 10.  
 
A worksheet, which was followed by a self-reporting questionnaire and semi-structured interviews was 
administered to the experimental groups. The items in the worksheet were sampled from a Grade 10 
state-approved textbook used in most of the participating schools. The self-reporting instrument used 
in the current study was developed by Paas, Van Merriënboer and Adams (1994). The instrument is a 
self-rating scale of cognitive load (mental effort) that, based on early work by Bratfisch, Borg and 
Dornic (1972), uses a post-test questionnaire in which test takers are asked to report the amount of 
mental effort invested in performing problem solving tasks in a test. Mental effort is therefore the 
cognitive capacity that is actually allocated to solve the problem and can be considered to reflect the 
cognitive load (Sweller, van Merriënboer & Paas, 1998). The use of this instrument in the current study 
is justified because split-attention has been recognised as one of the variables that regulates CLT (Paas 
et al., 1994). The self-rating scale of mental effort consists of a nine-point scale: 1 (extremely easy); 2 
(very easy); 3 (easy); 4 (quite easy); 5 (neither easy nor difficult); 6 (quite difficult); 7 (difficult); 8 (very 
difficult); and, 9 (extremely difficult).  
 
In addition, there were instances outside the worksheet session in which the researcher documented 
the effect of split-attention on participants’ problem solving performance and an example of such is 
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presented in this paper (see, Example 1). The worksheet activities formed part of the research 
experiment. The Example 1 shows how the split-attention effect can also occur when learners perform 
their calculations out over two pages. The two conditions of split-attention in which participants 
answered a worksheet task are presented in the next section. 
 
4.3.1 First condition 
In this condition the split-attention effect was maximized by presenting two parts of the context-based 
problem task on two pages (both sides of the task sheet page) (see, Figure 3). Participants were 
distributed equally in both conditions (condition 1, n=189; condition 2, n=189). The format in Figure 3 
meant that participants would engage in a visual search to track down two mutually referring pieces of 
information (information belonging to the same problem task but separately located) related to the 
problem, which appeared on different sides of the same page. In terms of cognitive load theory the 
resulting visual search in the first condition could elevate participants’ cognitive load and eventually 
place problem solving performance at a detriment (Paas et al., 2010; Sweller, 2010; Sweller, 1988). 

 
Side 1 of page 1 

 

Problem 
The table below shows the exchange rate of the 
Rand (R) against other countries. Use the 
information below to answer the questions that 
follow. 
 

Currency One foreign unit = R 

Euro € 9.178 

UK £ 14.484 

US $ 9.925 

Australia $ 5.556 

Botswana Pula 1.621 

Canadian $ 6.452 

Hong Kong $ 1.274 
 

Side 2 of page 1 
 

Questions 
Sipho won a competition where he can fly to three 
international destinations free of charge with spending 
money. The destinations he chose were Germany (€), 
Hong Kong ($) and England (£). He was allocated €9 000, 
$30 000 and £2 500 for Germany, Hong Kong and 
England respectively. 
 
 

Use the exchange rates in the previous page to calculate 

the total amount Sipho had been allocated in Rands. 

If Sipho were to fly to Botswana, Canada and Australia 

with allocations of 9 500 Pula, $15000 and $21 500, 

respectively. How much will be his total allocation for 

this trip? 

Figure 3: A split-attention problem solving worksheet presented in a non-integrated format 
 

4.3.2 Second condition 
In this condition the same task was given to the other group of the experimental group (n=189). In this 
case the problem statement, the accompanying diagram and the questions all appeared on the same 
page (one side of the page) (see, Figure 4). In terms of the cognitive load theory the split-attention 
effect in the second condition has been reduced. Participants are not subjected to a visual search of 
information that is separately positioned but belonging to the same problem. According to Cierniak et 
al. (2009), unnecessary visual searches during problem solving should be avoided as it may result in 
heightening cognitive load.  
 
At the end of the worksheet participants in both conditions completed a cognitive load self-reporting 
questionnaire to indicate the level of effort experienced in relation to the positioning of the worksheet 
material. This exercise was followed by semi-structured interviews with a purposive sample of five 
participants from each split-attention condition. The selection of interview respondents was based on 
the observed types of responses from both conditions. 
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Side 1 of page 1 
 

Problem 
The table below shows the exchange rate of the Rand (R) against other countries. Use the 
information below to answer the questions that follow. 
 

Currency One foreign unit = R 

Euro € 9.178 

UK £ 14.484 

US $ 9.925 

Australia $ 5.556 

Botswana Pula 1.621 

Canadian $ 6.452 

Hong Kong $ 1.274 
 

Questions 
Sipho won a competition where he can fly to three international destinations free of 
charge with spending money. The destinations he chose were Germany (€), Hong Kong ($) 
and England (£). He was allocated €9 000, $30 000 and £2 500 for Germany, Hong Kong and 
England respectively. 
 

Use the exchange rates in the previous page to calculate the total amount Sipho had been 

allocated in Rands.  

If Sipho were to fly to Botswana, Canada and Australia with allocations of 9 500 Pula, 

$15000 and $21 500, respectively. How much will be his total allocation for this trip? 

Figure 3: A split-attention problem solving worksheet presented in an integrated format 
 
 
4.4 Results of the experiment 
The results are discussed in terms of a worksheet task, the self-reporting questionnaire and the semi-
structured interviews. 
 
4.4.1 Results from the worksheet task and other related classroom tasks 
The results of the worksheet showed that participants in the second condition performed relatively 
better than their counterparts in the first condition. In addition, participants in the second condition 
tended to spend less time in the completion of the problem solving task in the worksheet. In terms of 
the cognitive load theory the problem solving performance variations in both conditions could be as a 
result of presenting worksheet material in both conditions. The level of visual search (in terms of 
location problem solving material) experienced in the first condition is seemingly minimal while this 
level appeared to have been heightened in the second condition. These observations are corroborated 
by the results of the self-reporting questionnaire. 
 
To further demonstrate the split-attention effect, which was constantly monitored during the 
implementation of CBPSI in the experimental group, a related problem solving activity is provided in 
Example 1. While solving the task the participant in Example 1 had to flip over to another page. 
However, as this participant paged over she fell into a trap of committing an error. As shown in 
Example 1 the problem solver started quite well while on page 1 of the answering sheet. Things 
seemed to fall apart when the problem solver attempted to continue with her solution step in the next 
page (page 2). In terms of the cognitive load theory this lapse of concentration, and the resulting 
problem solving error, could have been caused by the burden of having to simultaneously process 
information that is differently placed. According to the CLT, the processing of information in the 
working memory becomes more difficult to carry out when sources of information are separately 
positioned. 
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        Solution sheet ONE (page 1of 2)                              Solution sheet TWO (page 2 of 2) 
 

        
 

Example 1: A problem solving error committed possibly as a result of split-attention effect 
 
4.4.2 Self-reporting questionnaire 
The data in the questionnaire were collected from 189 respondents in the first split-attention condition 
and 189 in the second condition. All worksheet participants completed the worksheet at the end of the 
problem solving task. Questionnaire results are presented in Table 2 and Table 3.  
 

Table 2: Frequency table with distribution of participants’ scores in the first condition 

Rating Level of mental effort n % of occurrences 

1 Extremely easy - - 

2 Very easy - - 

3 Easy 7 3.70 

4 Quite easy 21 11.11 

5 Neither easy nor difficult  25 13.23 

6 Quite difficult 30 15.87 

7 Difficult 38 20.11 

8 Very difficult 59 31.22 

9 Extremely difficult 9 5.56 

 TOTAL 189 100 

 
Table 2 shows that more than a third of respondents in the first condition felt the worksheet task was 
generally very difficult (31.22%).  
 

Table 3: Frequency table with distribution of participants’ scores in the second condition 

Rating Level of mental effort n % of occurrences 

1 Extremely easy 2 1.06 

2 Very easy 11 5.82 

3 Easy 16 8.47 

4 Quite easy 39 20.63 

5 Neither easy nor difficult  40 21.16 

6 Quite difficult 38 20.10 

7 Difficult 33 17.46 

8 Very difficult 10 5.29 

9 Extremely difficult - - 

 TOTAL 189 100 

 

Almost more than two third of respondents in Table 3 responded between “quite difficult” and “quite 
easy” when asked about the worksheet task. To further probe the respondents on their questionnaire 
responses, semi-structured interviews were conducted with five respondents drawn from each 
condition. The selection was based on the types of responses in Tables 2 and 3. 
 
4.4.3 Feedback from the interviews  
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The problem solver in Example 1 was also probed in relation to the problem solving error committed 
while transferring the solution steps to another page. The problem solver replied:  
 

“When I went to page two I made a substitution mistake. I was going to get total marks” 

 
Example 1 provides a snippet of learner’s work to illustrate how the researcher dealt with elements of 
split-attention effect to maximize learners’ problem solving performance in experimental schools. 
According to CLT, when the problem solver in Example 1 disintegrated the problem solution into two 
pages possibly two mutually referring sources of problem information were generated. To attend to 
the two information supplying sources (sheet/ page ONE and sheet/ page TWO) the problem solver 
would be expected to split her attention. The splitting effect could create processing problems for the 
working memory as evidenced by the resulting problem solving error. Most likely, the working memory 
may have had to temporarily hold pieces of information in sheet ONE while the visual search for the 
associated information in sheet TWO was made. The demand on the working memory may have 
become too great for the problem solver in Example 1 and the error occurred.   
 
In relation to the two split-attention conditions some of the interview item probed respondents on 
their experience of solving a worksheet task in relation to the conditions allocated to them. Most 
participants in the first conditions complained that time allocated to the task was insufficient; that the 
task was not easy; and some respondents indicate that the fact that the task information appeared in 
more than one page adversely hindered their performance. Some of the direct responses from 
participants are presented: 
 
 

“I could not finish this task the time was little” 

 

“Why did you write this task at the back page? That was disturbing for me” 

 

“I think I made mistakes because I was paging between this page” 

Clearly the latter respondent referred to the fact that she had to flip the worksheet over in order to 
view the other parts of the problem solving task. The fist respondent raises the issue of time. The time 
allocated to the task was sufficient. However, it seems that the first condition experiment time was 
insufficient as some portion of it had to be spent on the process of paging over and also on 
remembering and reconciling separate information. Some respondents seem to have noticed that 
placing problem information on more than one page was problematic for them. 
 
5. CLOSING DISCUSSION AND CONCLUSION 
The results of this study show that the splitting effect of learning material may create problems for the 
working memory. In the first condition of Table 1 the problem task information appearing on different 
sides of the page will have to be processed differently in the working memory. Each time the learner 
navigates from one page to another, pieces of information belonging to the problem solving task in the 
previous page must be held and processed separately in the working memory. The other problem 
solving information in the second page would also have to be processed separately. In the end the 
separate processing of worksheet information due to the split-attention effect compromises problem 
solving performance. Participants in the first condition are possibly disadvantaged by the separate 
placing of information. Their experiences are not only reflected in the questionnaire results but are 
illuminated in their interview responses.  
 
The results of this study are not unique. These results provide empirical evidence to support the 
hypothesis that learners who are presented with problem solving tasks that separate two sources of 
information experience less problem solving successthan learners who receive the same material in an 
integrated format (see, Cierniak et al., 2009; Huk & Ludwigs, 2009; van Gog, Kester, Nievelstein, 
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Giesbers & Paas, 2009; van Merriënboer & Sweller, 2005, 2010). CLT emphasises the necessity for 
instructional techniques should be aligned with the basic operational principles of the human cognitive 
system (Kalyuga et al., 2004; Paas et al., 2010; Sweller, 2010; Sweller et al., 2011). In effect, the basic 
premise of CLT is that learning will be severely hindered if instructional materials overwhelm a learner’s 
cognitive resources.  
 
REEFERENCES 
Atkinson, R. A., Derry, S. J., Renkl, A., & Wortham, D. (2000). Learning from examples: Instructional principles 

from the worked examples research. Review of Educational Research, 70(2), 181-214. Vol 
Baloyi, H. G. (2011). Learner performance disparities between former white and former black schools in Gauteng 

province of South Africa after more than a decade of democracy. PhD thesis, South Africa: University of 
Witwatersrand. 

Bannert, M. (2002). Managing cognitive load: Recent trends in cognitive load theory. Learning and Instruction, 
12(1), 139-146. 

Bratfisch, O., Borg, G., & Domic, S. (1972). Perceived item difficulty in three tests of intellectual performance 
capacity (Tech. Rep. No. 29). Stockholm: Institute of Applied Psychology. 

Cierniak, G., Scheiter, K., & Gerjets, P. (2009). Explaining the split-attention effect: Is the reduction of extraneous 
cognitive load accompanied by an increase in germane cognitive load? Computers in Human Behavior, 
25, 315-324. 

Dhlamini, J. J. (2016). Enhancing learners’ problem solving performance in mathematics: A cognitive load 
perspective.  European Journal of Science Technology Engineering and Mathematics Education, 1(1), 27-
36. http://www.lectitojournals.com/european-journal-of-stem-education. (ISSN: 2468-1954).  

Dhlamini, J. J. (2015). Using a worked-out examples instruction to induce problem solving performance in South 
African schools. In D. Mogari (Eds.), Proceedings of the ISTE 2015 International Conference: Towards 
Effective Teaching and Meaningful Learning in MST, 25-30 October 2015 (pp. 67-73). Kruger National 
Park, Mpumalanga, South Africa. (ISBN: 978-1-86888-833-7). 

Dhlamini, J. J. (2012). Investigating the effect of context-based problem solving instruction on the performance of 
learners. Unpublished doctoral dissertation. University of South Africa, Pretoria, South Africa. Available 
from, http://dhl.handle.net/10500/9739. 

Dhlamini, J. J., & Mogari, D. (2013). The effect of a group approach on the performance of high school 
mathematics learners. Pythagoras, 34(2), Art. #198, 9 pages. 
http://dx.doi.org/10.4102/pythagoras.v34i2.198. (ISSN: 1012-2346). 

Gaigher, E. (2006). The effect of a structured problem solving strategy on performance and conceptual 
understanding of physics: A study in disadvantaged South African schools. PhD thesis. Pretoria: 
University of Pretoria. 

Gay, L. R., Mills, E., & Airasian P. (2011). Educational research: Competencies for analysis and application (10th 
edn.). Upper Saddle River, NJ: Pearson Education. 

Ginns, P. (2006). Integrating information: A meta-analysis of the spatial contiguity and temporal contiguity 
effects. Learning and Instruction, 16, 511-525.  

Huk, T., & Ludwigs, S. (2009). Combining cognitive and affective support in order to promote learning. Learning 
and Instruction, 19, 495-505. 

Jonassen, D. H. (2000). Towards a design theory of problem solving. Journal of Research on Technology in 
Education, 48(4), 63-85. 

Kalyuga, S., Chandler, P., & Sweller, J. (2004). When redundant on-screen text in multimedia technical instruction 
can interfere with learning. Human Factors, 46, 567-581. 

Kontra, J. (2001). Factors influencing problem solving and successfulness in mathematics. PhD thesis. University of 
Szeged. 

Paas, F. G. W. C., Van Merriënboer, J. J. G., & Adam, J. J. (1994). Measurement of cognitive load in instructional 
research. Perceptual and Motor Skills, 79, 419-430. 

Paas, F., Van Gog, & Sweller, J. (2010). Cognitive load theory: New conceptualizations, specifications, and 
integrated research perspectives. Educational Psychology Review, 22(1), 115-121.  

Renkl, A., & Atkinson, R. K. (2010). Learning from worked-out examples and problem solving. In Plass, J. L., 
Moreno, R., & Brünken, R. (Eds.), Cognitive load theory (pp. 91-108).  New York, YN: Cambridge 
University Press. 

Sepeng, P. (2011). Reality based reasoning in word problem solving. In H. Venkat and A. Essien (Eds.), Proceedings 
of the 17th National Congress of the Association for Mathematics Education of South Africa (AMESA), 11-
15 July 2011, (pp. 223-236). University of Witwatersrand, Johannesburg, South Africa. 



  

196 
 

Sweller (n.d.). Visualisation and instructional design. School of Education University of New South Wales, Sydney, 
NSW 2052. (pp. 1501-1510).  

 Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive Science, 12(1), 257-285. 
Sweller, J. (1999). Instructional design in technical areas. Melbourne: ACER Press. 
Sweller, J. (2010). Element interactivity and intrinsic, extraneous, and germane cognitive load. Educational 

Psychology Review, 22, 123-138. 
Sweller, J., & Chandler, P. (1991). Cognitive load theory and the format of instruction. Cognition and Instruction, 

8(4), 293-332. 
Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive load theory: Explorations in the learning sciences, 

instructional systems and performance technologies. New York, NY: Springer.   
Sweller, J., Clark, R. E., & Kirschner, P. A. (2010). Teaching general problem solving skills is not a substitute for, or 

a viable addition to, teaching mathematics. Notices of the AMS, 57(10), 1303-1304. 
Sweller, J., Van Merriënboer, J. J. G., & Paas, F. (1998). Cognitive architecture and instructional design. 

Educational Psychology Review, 10(1), 251-295.  
Tarmizi, R., & Sweller, J. (1988). Guidance during mathematical problem solving. Journal of Educational 

Psychology, 80, 424-436.  
van Gog, T., Kester, L., Nievelstein, F., Giesbers, B., & Paas, F. (2009). Uncovering cognitive processes: Different 

techniques that can contribute of cognitive load research and instruction. Computers in Human Behavior, 
25, 325-331.  

van Merriënboer, J. J. G., & Sweller, J. (2005). Cognitive load theory and complex learning: Recent developments 
and future directions. Educational Psychology Review, 17(2), 147-177. 

van Merriënboer, J. J. G., & Sweller, J. (2010). Cognitive load theory in health professional education: Design 
principles and strategies. Medical Education, 44(1), 85-93. 

Voskoglou, M. G. (2008). A stochastic model for case-based reasoning. Journal of Mathematical Modeling and 
Application, 1(3), 33-39. 

Ward, M., & Sweller, J. (1990). Structuring effective worked examples. Cognition and Instruction, 7(1), 1-39. 


