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The provision of engineering education as a means of enabling students to develop contemporary 
transversal competencies such as problem solving, critical thinking, adaptive reasoning and 
communication, places a responsibility on curriculum designers to reposition these aptitudes within the 
hierarchy of desired skills. Problem solving is a fundamental attribute of each engineering discipline and 
plays a pivotal role in the work of an engineer. Problem solving is highlighted as a higher-order 
cognitive task that engages actions and thoughts, which prompts this investigation of it through a 
cognitive lens. With consideration of the range of abilities contributing to an individual’s general 
cognitive ability, the likely cognitive abilities necessary for successful problem solving are explored and 
positioned within the context of engineering education and the broader engineering profession. The 
problems faced by engineers differ through a variety of means. Problems can vary from well- to ill-
defined, and through the requirement of reflective or active means to solve them. It is proposed that the 
cognitive abilities necessary to problem solve vary depending on these factors. A model is presented 
which aims to support the identification of the cognitive abilities necessary for problem solving in 
consideration of the nature of and approach taken to solving a problem. Through consideration of these 
elements, the model aims to support engineering education and industrial training programs in 
addressing the skills gaps that have emerged through the advancements of technology and society. 
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1. INTRODUCTION 

Problem solving is highlighted as a higher-order cognitive task (Hambrick & Oswald, 2005), however, there are 
a number of additional elements that may impact on an individual’s problem solving performance. These 
influences include behaviours (Warden & Mackinnon, 2009), information processing (Cronin & Weingart, 
2007), and personality (Hargadon & Bechky, 2006), which are also notable factors to be considered when 
exploring an individual’s cognitive ability (Lubinski, 2004) and capacity to acquire skills (Kanfer & Ackerman, 
1989). Considering problem solving as a solely cognitive task would be an oversight of these varying factors 
that contribute to an individual’s performance. However, this is often necessary in individual studies to advance 
the pertinent remit of knowledge. Accordingly, though there are many elements that are important for problem 
solving. One of which, the cognitive abilities required for problem solving, is the focus of this paper. 
 
In exploring problem solving, it is important to consider the cognitive processes that lead to the development of 
a solution, more specifically, the cognitive abilities that an individual requires to solve a problem. General 
cognitive ability (g), refers to the differences in individual capacity to learn or process information (Kanfer & 
Ackerman, 1989). Individuals with high levels of g can represent more information in working memory than 
those with lower levels of g, resulting in individuals with higher levels being able to learn from their 
experiences at an advanced pace (LePine, Colquitt & Erez, 2000). There are a wide range of broad and narrow 
abilities, which are discussed in more detail later in this paper, that contribute to general cognitive ability 
(Schneider & McGrew, 2012). Therefore, numerous cognitive abilities are required to solve a complex problem 
such as those that exist in engineering, and it is important to identify these to facilitate respective pedagogical 
advances. 
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While exploring the cognitive abilities used in the development of a solution to a problem, the means through 
which information is presented and investigated must be considered. The approach taken to reach a solution to 
a problem will vary depending on the problem domain, type, processes needed to solve it, and the means 
through which a solution is conveyed (Jonassen, 1997). With such demands being placed on working memory 
in this situation cognitive load must also be considered. Cognitive load describes the amount of mental effort 
used during a task (Sweller, 1988). This occurs in the working memory due to its limitations (Kirschner, 
Sweller & Clark, 2016). As an individual has working memory limitations and does not have an infinite storage 
capacity, mental effort or strain is experienced (Paas, Renkl & Sweller, 2003). 
 
Through experiencing excessive cognitive load, cognitive processing abilities may be impacted, therefore, 
hindering an individual’s performance and the development of problem solutions (Pass, Renkl & Sweller, 2004; 
Sweller, 1988). In order for individual’s to succeed in society and in their desired profession, such as 
engineering, it is important that the cognitive load experienced throughout their education is managed 
appropriately in order to support the acquisition of necessary abilities and skills (Schmidt et al., 2007; Sweller, 
1988), such as the cognitive abilities necessary for problem solving. 
 
Problem solving plays a pivotal role in many engineering education frameworks as a result of its position in 
engineering (Hanney, Savin-Baden, 2013; Hmelo-Silver, 2004; Kirschner, Paas & Kirschner, 2009). As the 
desired attributes and skills of engineers are constantly evolving (Hissey, 2000; SEFI, 2016), it is difficult for 
educational frameworks and industrial training (continuing professional development [CPD]), to keep pace 
with the development of the exact skills required for certain tasks. The evolving nature of engineering skills and 
the likelihood of these skills to become obsolete is a major issue in engineering (LePine, Colquitt & Erez, 
2000). Through the development of transversal skills such as problem solving and adaptability, education and 
industrial training programmes may develop a capacity to address and manage this issue (SEFI, 2016). Through 
analysis of the cognitive abilities required for problem solving, it is intended that the model presented in this 
paper may be used as a means of addressing this skills gap and support education and industrial training in 
keeping pace with the rapid advancements of technology and innovation and the skills deficiencies exposed 
through this advancement. 

2. LITERATURE REVIEW 

2.1. Problem solving in engineering education 

Problem solving has previously been outlined as one of the most important cognitive tasks in everyday and 
professional situations (Jonassen, 2000), particularly the engineering profession. Developing solutions to ill- 
and well-defined problems is a fundamental aspect of engineering (Jonassen, Strobel & Beng Lee, 2006) and a 
task that most engineers carry out daily, possibly multiple times daily. When problem solving, engineers are 
addressing a change that needs to be made, how the change may best be achieved, and the resources available 
to them (Koen, 2003). In consideration of this, it is clear that the problems faced between engineering 
disciplines may vary significantly. For instance, the changes that chemical engineers must address differ to 
those of a mechanical engineer (Koen, 2003), suggesting variances in the abilities they rely on to solve a 
problem. While the abilities to solve the problem may vary between engineering disciplines, problem solving is 
clearly a fundamental skill for engineers of all disciplines (Jonassen, Strobel & Beng Lee, 2006; Koen, 2003), 
emphasising the need to develop the proficient problem solving skills of engineering graduates. 
 
Though differences have been highlighted between the educational frameworks implemented in engineering 
education, such as CDIO and PBL (Edström & Kolmos, 2012), one aspect that remains central to each of these 
frameworks is students’ engagement in problem solving tasks (Crawley et al, 2011; Hanney & Savin-Baden, 
2013; Savin-Baden, 2014) to support the development of problem solving abilities. There are many indicators 
of an effective problem solver such as the capacity to transfer reasoning from one problem to the next, and the 
ability to define the problem (Hmelo-Silver, 2004). In order for problem solving to be deemed effective, an 
individual must draw on different assumptions and skills depending on the type of problem they are solving 
(Schraw, Dunkle & Bendixen, 1995). As the context of problem solving in engineering and engineering 
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education is so variable, g may play a significant role in the development of solutions to engineering problems 
(Faber & Benson, 2017). 
 
Contemporary engineering education frameworks provide experiences for students to engage in a range of tasks 
to support the development of abilities necessary to reason solutions and solve problems (Crawley et al, 2011; 
Hanney & Savin-Baden, 2013). At the early stages of engineering education students may experience more 
difficulty when problem solving as they have not acquired the necessary schema to solve the problem 
(Jonassen, 1997; Stieff, 2007; Sweller, 1988), regardless of engineering discipline. For instance, if a solution 
requires a deep technical engineering knowledge, a student may experience significant difficulty as they have 
not yet acquired the necessary knowledge to solve it, which remains true regardless of the discipline of 
engineering. This emphasises the importance of scaffolding students in developing the underlying abilities and 
schema for successful problem solving in engineering education. 
 
Through the literature, cognitive structures have been presented and discussed as possible predictors of problem 
solving ability (Jonassen, 1997; Sweller, 1988). When taking a holistic view to the development of problem 
solving ability in engineering education, an exploration of an individual’s cognitive abilities is necessary as 
problem solving is a higher-order cognitive task (Hambrick & Oswald, 2005). Before problem solving can be 
effectively examined in this way, an analysis of cognitive abilities must take place to support an understanding 
of the relationship between these elements. 

2.2. Cognitive abilities 

As earlier outlined, g is the difference in individual’s capacity to learn (Kanfer & Ackerman, 1989). General 
cognitive ability is represented as g through the work of Spearman (1904), and continues to be recognised 
through contemporary research (Conway, Kane & Engle, 2003; Deary et al, 2007). There are a number of 
studies which explore general cognitive abilities such as Cattell and Horn (1967) who developed the concepts 
of fluid and crystallised intelligence, while Carroll (1993) investigated the principia of human cognitive 
abilities. The most contemporary and comprehensive model of cognitive abilities brings together these two 
theories to present the Cattell-Horn-Carroll (CHC) model (Schneider & McGrew, 2012). Throughout the 
literature, it is often empirically presented that cognitive abilities are hierarchically organised, with g positioned 
at the top of this hierarchy (Lubinski, 2004). The CHC model proposes that this hierarchy could be presented 
through a three stratum model; stratum III - g, stratum II - broad abilities, and stratum I - narrow abilities, as 
illustrated in Figure 1, with each contributing to the structure of the next. Narrow abilities are a number of fine 
elements that contribute to the make-up of a broad ability. For example, quantitative knowledge (Gq) consists 
of mathematical knowledge (KM) and mathematical achievement (A3), while short-term memory (Gsm) 
consists of memory span (MS) and working memory capacity (MW) (Schneider & McGrew, 2012). 

 
Figure 1. The Cattell-Horn-Carroll (CHC) model of intelligence (Schneider & McGrew, 2012). 

Cognitive abilities are further categorised through acquired knowledge, cognitive speed, domain-free general 
capacities, and sensory- and motor-linked abilities (Schneider & McGrew, 2012). Stratum II, broad abilities, is 
the focus of this paper as through identifying the broad cognitive abilities engaged when problem solving, the 
narrow cognitive abilities are, simultaneously identified. Table 1, below, outlines the broad cognitive abilities 
presented through the CHC model (McGrew, 2009; Schneider & McGrew, 2012). 
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Table 1 Broad Cognitive Abilities as presented through CHC model. 

Broad cognitive abilities 
Fluid reasoning (Gf) Auditory processing (Ga) 
Short-term memory (Gsm) Psychomotor speed (Gps) 
Long-term storage and retrieval (Glr) Domain-specific knowledge (Gkn) 
Processing speed (Gs) Quantitative knowledge (Gq) 
Reaction and decision speed (Gt) Olfactory abilities (Go) 
Comprehension knowledge (Gc) Tactile abilities (Gh) 
Reading and writing (Grw) Kinesthetic abilities (Gk) 
Visual processing (Gv) Psychomotor abilities (Gp) 
 
The necessity of each of these abilities to complete a task are dependent on the task requirements. For example, 
should an individual intend to solve a novel problem, fluid reasoning (Gf) may be more beneficial to utilise (as 
it is not dependent on any past knowledge and describes the ability to reason in noel situations), in comparison 
to domain-specific knowledge (Gkn) (as it is specified knowledge) as this knowledge may be unrelated to the 
problem itself. Likewise, if cognitive abilities are viewed in terms of their necessity for a particular profession, 
a chef would use their sense of smell (Go) and touch (Gh) frequently, whereas comparatively an engineer may 
rely more on their fluid intelligence (Gf) and domain-specific knowledge (Gkn). Therefore, the hierarchy of 
cognitive abilities for problem solving could vary significantly between professions and between disciplines, 
and within each of these professions e.g. between mechanical and software engineering and within disciplines 
(due to the variability of task contexts). Consequently, it becomes apparent that specific educational training is 
required to place a greater emphasis on certain cognitive abilities depending on the predominant skills of the 
profession in question. 
 
Through analysis of these abilities (Carroll, 1993; Lubinski, 2004; McGrew, 2009; Schneider & McGrew, 
2012), it can be seen that cognitive ability is a complex phenomenon. In addition to identifying important 
cognitive abilities which should be considered within education from the perspective of cognitive development, 
the relationship of these abilities to learning must also be considered. Depending on an individual’s capacity 
relative to cognitive abilities, cognitive load may be experienced which may affect their capacity to learn 
(Sweller, 1988). In considering the complexity of cognitive abilities and information processing in the context 
of education, educationalists must reflect on cognitive load. This creates the need for teachers to acknowledge a 
balancing act. When the goal is learning (i.e. to invoke a change in students long-term memory through the 
acquisition of knowledge), cognitive load needs to be managed. The experience of cognitive load may be 
dependant in part on the level of capacity a student has in relative cognitive abilities. An intuitive response to 
this is that if cognitive abilities can be developed, there is an increased capacity for students to learn. However, 
the experience and effect of high levels of cognitive load may present the same impediment on the development 
of cognitive abilities. As such, in order to support student learning as much as possible from a cognitive 
perspective, the relationship between cognitive load and cognitive abilities needs to be explored. Such 
exploration can only be considered within the relativist context of education, and therefore there is a need to 
clearly frame the discipline which in this case is engineering or engineering education relative to the nature of 
learning tasks. The following is a preliminary attempt to create a framework that is useful for this purpose.  

3. MODEL OF PROBLEM CATEGORISATION FOR ENGINEERING PROBLEM SOLVING 

When learning in engineering is considered, one often thinks of the technical knowledge associated with the 
profession. However, the technical knowledge required for one field of engineering will be significantly 
different to that of another. For example, the technical knowledge required for mechanical engineering will 
differ greatly to the knowledge required for software engineering. While different knowledge bases are 
necessary, problem solving is a fundamental element common to all engineering fields, however, the types of 
problems they have to solve are significantly different. Jonassen (1997) outlined that problems are traditionally 
defined by the problem domain, type, processes needed to solve them, and the solution. Therefore, it is clear 
that the cognitive abilities necessary to solve different types of problems would consequently vary. This is an 
element that must be carefully considered in a model of the cognitive abilities required for engineering problem 
solving. 
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Each of the broad cognitive abilities outlined through the CHC model (Schneider & McGrew, 2012) are likely 
to be necessary for engineering problem solving. While one may debate the use of some of these abilities in 
engineering, such as olfactory abilities, they may be necessary depending on the context of the task or problem. 
For example, if a material is machined at an inappropriate speed, it may produce an odour which may alert the 
machine operator to an issue and allow for the problem to be rectified. While each of these cognitive abilities 
may be required in engineering problem solving at some point, it is not necessary for each of them to be used 
for every task, and they will likely be important to varying degrees within specific tasks. 
 
The cognitive abilities necessary to solve a problem will largely depend on two factors: whether the problem is 
well- or ill-defined, or if it requires a reflective or active means of determining a solution (Jonassen, 2000, 
1997; Simon, 1973). This is similar to the model of learning presented by Conole, et al (2004), whereby 
learning may vary through: experience to information, non-reflective to reflective, and individual to social. 
While learning experiences are presented as differing in these ways, the model presented in Figure 2 proposes 
the means through which problems vary in engineering in terms of structure. Considering the variances in 
problem structure presented through the model, we may begin to position the cognitive abilities necessary for 
problem solving. Through this model, problems can transition between each of the continuums depending on 
the context of the problem and the means necessary to solve it. Problems may be viewed in terms of: 

- Abstract reflective problem solving 
- Abstract active problem solving 
- Concrete active problem solving 
- Concrete reflective problem solving 

Should problems be considered as existing in one of the four quadrants outlined above, the cognitive abilities 
necessary to solve them may be evaluated. Furthermore, if problem solving is viewed as a dynamic and 
evolutionary process, problems may begin as an abstract reflective problem and possibly fluctuate between any 
of the remaining three quadrants. For example, if an abstract problem is to be brought from conception into 
reality, it may begin as an abstract reflective problem and transition to a concrete active problem. Throughout 
solution development, the problem solver may transition between reflective to active on multiple occasions as 
they reason about the problem. Similarly, as they progress, some variables may transition to well-defined while 
others remain ill-defined. It is imperative that we acknowledge the dynamic nature through which problem 
solving occurs as it ultimately impacts the cognitive abilities necessary to solve the problem. 

 
Figure 2. Proposed model for problem categorisation in engineering education. 

Consider if an engineer was provided with an ill-defined problem brief and must develop and create a solution. 
The initial cognitive abilities to conceive a solution (abstract reflective problem), such as fluid reasoning (Gf) 
and comprehension knowledge (Gc), would vary significantly to those needed to bring the solution into reality 
(concrete active problem), such as kinaesthetic abilities (Gk) and psychomotor abilities (Gp). 
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Through viewing engineering problem solving in this way, we must also acknowledge that if an individual is 
presented with an ill-defined or open-ended problem, depending on their epistemic motivation, they may seize 
or freeze on a solution or approach (Kruglanski and Webster, 1996). Through doing this, the individual may 
turn the intended ill-defined problem to well-defined which may ultimately hinder the problem solving 
experience and cause variations in the perceived cognitive abilities necessary to solve the problem. 

4. DISCUSSION 

The significance of problem solving in engineering must be recognised and supported through engineering 
education due to its distinctive role in the engineering profession (Jonassen, Strobel & Beng Lee, 2006). The 
problems faced by engineers of all disciplines vary greatly from well- to ill-defined problems and reflective to 
active means of reaching a solution (Jonassen, 2000, 1997; Simon, 1973). The dynamic nature of problem 
solving and the unique relationship between problem solving and cognitive functions (Anderson, 1980; 
Hambrick & Oswald, 2005) emphasises the need for curricular designers, educators and researchers to ensure 
that the relationship between cognitive functions and problem solving is thoroughly examined. 
 
The model (Figure 2) presented in this paper proposes that engineering problem solving occurs between two 
continuums: well-defined to ill-defined, and reflective to active. This is not to say that a problem will remain in 
the realm that it initially begins in, it may move due to the transient nature of engineering problem solving, 
which would result in the cognitive abilities used to solve the problem transitioning also. This is a factor that 
we must be cognisant of in engineering teaching and learning approaches. 
 
Perhaps the most important aspect of engineering education is supporting students in developing the capacity to 
utilise abilities effectively for problem solving. Therefore, it is important that we focus on supporting students 
in developing the underlying abilities necessary for effective and adaptive engineering problem solving. In 
doing this, the skills gaps that have emerged due to the advancements of technology and innovation (LePine, 
Colquitt & Erez, 2000) may be addressed. 
 
The model presented aims to support researchers, educators and curriculum designers in identifying the 
cognitive abilities necessary to solve problems with consideration of the context that they are presented. It is 
presented as a theoretical means of classifying the cognitive abilities necessary for problem solving in 
engineering and encapsulates the dynamic and transient nature of engineering problem solving. It is envisioned 
that upon analysis and investigation of the model, it may support the development of curricula for engineering 
education with consideration of the abilities necessary for adaptive problem solvers so that the skills gaps 
emerging in engineering may be addressed. 

5. REFERENCES 

Berkson, L. (1993). Problem-based learning: Have the expectations been met? Academic Medicine. 68 (10), S79-S88. 
Carroll, J. B. (1993). Human cognitive abilities: A survey of factor analytic studies. Cambridge, England: Cambridge 

University Press. 
Conole, G., Dyke, M., Oliver, M., & Seale, J. (2004). Mapping pedagogy and tools for effective learning design. 

Computers & Education. 43 (1-2), 17-33. 
Conway, A. R. A., Kane, M. J., & Engle, R. W. (2003). Working memory capacity and its relation to general intelligence. 

TRENDS in Cognitive Sciences. 7 (12), 547-552. 
Crawley, E., Malmqvist, J., Lucas, W. A. & Brodeur, D. R. (2011). The CDIO Syllabus v2.0. An updated statement of 

goals for engineering education. 
Cronin, M. A. & Weingart, L. R. (2007). Representational gaps, information processing, and conflict in functionally 

diverse teams. Academy of Management Review. 32 (3), 761-773. 
Deary, I. J., Strand, S., Smith, P. & Fernandes, C. (2007). Intelligence and educational achievement. Intelligence. 35, 13-

21. 
Edström, K. & Kolmos, A., (2012). Comparing two approaches for engineering education development: PBL and CDIO. 

In proceedings of the 8th international CDIO conference. 
European Society for Engineering Education (SEFI). (2016). Developing graduate engineering skills. SEFI position paper. 



 

301 
 

Faber, C., & Benson, L. (2017). Engineering students’ epistemic cognition in the context of problem solving. Journal of 
Engineering Education. 106 (4), 1-33. 

Hambrick, D. Z., & Oswald, F. L. (2005). Does domain knowledge moderate involvement of working memory capacity in 
higher-level cognition? A test of three models. Journal of Memory and Language. 52 (3), 377-397. 

Hanney, R. & Savin-Baden, M. (2013). The problem of projects: understanding the theoretical underpinnings of project-
led PBL. London Review of Education. 11 (1), 7-19. 

Hargadon, A. B. & Bechky, B. A. (2006). When collections of creatives become creative collectives: A field study of 
problem solving at work. Organization Science. 17 (4), 484-500. 

Hissey, T. W. (2000). Education and careers 2000- Enhanced skills for engineers. Proceeds of the IEEE. 88 (8), 1367-
1370. 

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students learn? Educational Psychology Review. 
16 (3), 235-266. 

Jonassen, D., Strobel, J. & Beng Lee, C. (2006). Everyday problem solving in engineering: Lessons for engineering 
educators. Journal of Engineering Education. 95 (2), 139-151. 

Jonassen, D. H. (2000). Toward a design theory of problem solving. Educational Technology, Research and Development. 
48 (4), 63-85. 

Jonassen, D. H. (1997). Instructional design models for well-structured and ill-structured problem-solving learning 
outcomes. ETR&D. 45(1), 165-94. 

Kanfer, R. & Ackerman, P. L. (1989). Motivation and cognitive abilities: An integrative approach to skill acquisition. 
Journal of Applied Psychology. 74 (4), 657-690. 

Kirschner, F., Paas, F. & Kirschner, P. A. (2009). A cognitive load approach to collaborative learning: United brains for 
complex tasks. Educational Psychology Review. 21, 31-42. 

Kirschner, P. A., Sweller, J. & Clark, R. E. (2006). Why minimal guidance during instruction does not work: An analysis 
of the failure of constructivist, discovery, problem-based, experiential, and inquiry-based teaching. Educational 
Psychologist. 41 (2), 75-86. 

Koen, B. V. (2003). Discussion of the method: Conducting the engineer's approach to problem solving (Vol. 198). New 
York: Oxford University Press. 

Kruglanski, A. W. & Webster, D. M. (1996). Motivated closing of the mind: “seizing” and “freezing.” Psychological 
Review. 103(2), 263-283. 

LePine, J. A., Colquitt, J. A. & Erez, A. (2000). Adaptability to changing task contexts: Effects of general cognitive 
ability, conscientiousness, and openness to experience. Personnel Psychology. 53 (3), 563-593. 

Lubinski, D. (2004). Introduction to the special section on cognitive abilities: 100 years after Spearman’s (1904) 
‘‘‘General intelligence,’ objectively determined and measured”. Journal of Personality and Social Psychology. 86 
(1), 96-111. 

McGrew, K. S. (2009). CHC theory and the human cognitive abilities project: Standing on the shoulders of the giants of 
psychometric intelligence research. Intelligence. 37, 1-10. 

Norman, G. R., Schmidt, H. G. (1992). The psychological basis of problem-based learning: A review of the evidence. 
Academic Medicine. 67(9), 557-565. 

Paas, F., Renkl, A. & Sweller, J. (2004). Cognitive load theory: Instructional implications of the interaction between 
information structures and cognitive architecture. Instructional Science. 32, 1-8. 

Paas, F., Renkl, A., & Sweller, J. (2003). Cognitive load theory and instructional design: Recent developments. 
Educational Psychologist. 38, 1-4. 

Ramey, K. E. & Uttal, D. H. (2017). Making sense of space: Distributed spatial sensemaking in a middle school summer 
engineering camp. Journal of Learning Sciences. 26 (2), 227-319.  

Savin-Baden, M. (2014). Using problem-based learning: New constellations for the 21st century. Journal on Excellence in 
College Teaching. 25 (3&4), 1-24. 

Schmidt, H. G., Loyens, S. M. M., van Gog, T. & Paas, F. (2007). Problem-based learning is compatible with human 
cognitive architecture: Commentary on Kirschner, Sweller and Clark (2006). Educational Psychologist. 42 (2), 
91-97. 

Schneider, W. J., & McGrew, K. S. (2012). The Cattell-Horn-Carroll model of intelligence. In D. P. Flanagan & P. L. 
Harrison, Contemporary Intellectual Assessment: Theories, Tests, and Issues (pp. 99-144). New York, NY, US: 
Guilford Press. 

Schraw, G., Dunkle, M. E. & Bendixen, L. D. (1995). Cognitive processes in well-defined and ill-defined problem solving. 
Applied Cognitive Psychology. 9, 523-538. 

Simon, H. A. (1973). The Structure of Ill Structured Problems. Artificial Intelligence. 4, 181-201. 
Spearman, C. (1904). “General Intelligence,” objectively determined and measured. The American Journal of Psychology. 

15 (2), 201-292. 
Stieff, M. (2007). Mental rotation and diagrammatic reasoning in science. Learning and Instruction. 17, 219-234. 
Sweller, J. (1988). Cognitive load during problem solving: Effects on learning. Cognitive Science. 12, 257-285. 
Warden, D. & Mackinnon, S. (2003). Prosocial children, bullies and victims: An investigation of their sociometric status, 

empathy and social problem solving-strategies. British Journal of Developmental Psychology. 21, 367-385. 

View publication statsView publication stats


