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Abstract 

Despite extensive research and national reform efforts, studies have found that 

many students continue to struggle with problem solving and that mathematics 

educators continue to experience difficulties teaching students important problem 

solving skills. In order to improve student word problem solving abilities, an adaptive 

problem solving tutorial was designed and developed by combining research based 

instructional guidelines proposed by Cognitive Load Theory (CLT), the Four-

Component Instructional Design (4C/ID) model, mathematics problem solving 

education, and intelligent tutoring systems (ITS) methods. The developed tutorial 

individualized mathematics instruction by adapting the design of worked examples 

based on student proficiency on key problem solving skills which research has 

identified as crucial for solving mathematics word problems.  

This study was conducted at a small rural independent school district in the 

southwestern area of the United States.  Participants included 35 K-12 students who 

were enrolled in high school mathematics courses. Using a combination of 

quantitative and qualitative data analysis two main research questions were 

investigated. The first sought to examine student‘ and teacher‘ perceptions of the 

problem solving tutorial; and the second examined learning outcome differences 

between an adaptively faded and a non-adaptive worked example tutorial design.  

Results indicated that overall students were pleased with tutorial in terms of 

ease of learning, tutorial quality, engagement, overall rating, visual design, content 

presentation, feedback, and adaptivity. However, while students with lower pretest 

scores liked the step-by-step structure/guidance provided to them, those with higher 

pretest scores did not. Teachers felt that the tutorial could be very effective for 
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students who have difficulty with coming up with a plan to solve algebra word 

problems. In addition, teachers liked that instruction was individualized based on 

student proficiency levels and that the tutorial required students to check their answers 

and procedures. In regard to student learning outcomes, no significant differences in 

perceived cognitive load and student achievement were found when comparing the 

two tutorial designs. However, a significant difference was found with tutorial 

completion time.  
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Chapter I 

The Problem 

Introduction 

The need for assistance with the teaching and learning of mathematics problem 

solving can be clearly evidenced by referencing the performance of U.S. 15-year-olds 

on the Program for International Student Assessment [PISA], in which U.S. students 

ranked 24th out of 29 developed nations in mathematics literacy and problem solving 

(Augustine, 2007; OECD, 2004; OECD, 2007). Despite preemptive national 

mathematics reform efforts and recommendations for higher order mathematics skills 

to become the focus of mathematics instruction, research has found that a large 

proportion of U.S. students continue to perform poorly in mathematics, especially 

when it comes to tasks that require higher order problem solving skills (NCES, 2006; 

Jitendra & Xin, 1997; Miller & Mercer, 1993). Research indicates that although, 

relative to other countries, the U.S. yields average numbers of students who perform at 

high levels of proficiency in mathematics, overall national results are often skewed by 

the large performance gap that exists between the most- and least-proficient students 

(Alliance for Excellent Education, 2008). Of all OECD [Organization for Economic 

Cooperation and Development] countries, results show that the U.S. has one of the 

largest proportions of both top and bottom performers (Kirsch, Braun, Yamamoto & 

Sum, 2007).  

Among the types of problems that students struggle with, mathematics word 

problems are the most commonly encountered in U.S. mathematics curricula (Cassel 

& Reid, 1996; Cawley, Fitzmaurice-Hayes, & Shaw, 1988; Jonassen, 2003).  In word 
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problems, students are provided with verbal descriptions of a problem situation and 

they must be able to understand the text, transform problem‘ sentences into mental 

representations, integrate different information into a single coherent representation, 

plan the necessary steps to arrive at a solution, and then execute that solution plan 

(Mayer, Larkin, & Kandane, 1984). Unfortunately, due to a lack or deficiencies in 

both the cognitive and metacognitive abilities required, many students frequently have 

difficulties solving these types of problems (Lucangeli, Tressoldi, & Cendron, 1998; 

Schoenfeld, 1992).  

Problem Solving Deficiencies 

In efforts to help reduce the gap in mathematics problem solving performance, 

national organizations such as the National Council of Teachers of Mathematics 

[NCTM] have gone as far as calling for problem solving to become the first priority of 

curriculum for all grades and all students (NCTM, 1989, 2000). Unfortunately, 

however, research has yet to find evidence of this occurring in mathematics 

classrooms (Anderson, 2003; Lovitt, 2000; Schoenfeld, 1992) and low performers 

continue to struggle despite interventions or lack thereof. Harskamp and Suhre (2006) 

argue that possible reasons for the deficiencies in problem solving skills may be due to 

the heuristic nature of problem solving and to the limitations of traditional classroom 

settings. These researchers state that some of the biggest challenges that educators face 

is teaching students the strategies on how to approach problems and how to make 

proper use of mathematical tools. Research has found that students‘ problem solving 

difficulties are often not a direct result of missing mathematical knowledge (e.g. 

vocabulary or computation skills) but rather from the ineffective use of that 
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knowledge (Garofalo & Lester, 1985; Schoenfeld, 1987; Van Streun, 2000). Lacking 

in knowledge of how to approach and solve problems, many learners resort to random 

solution search procedures which pose immense cognitive load on learners (Sweller et 

al., 1998). 

A second reason for deficiencies in problem solving, Harskamp and Suhre 

(2006) argue, is due to the limitations of traditional classroom settings which often 

prevent educators from individualizing instruction. These researchers argue that 

problem solving instruction often calls for settings where the teacher can adapt 

instruction to meet the individual needs of students and where each student can learn 

at his or her own pace. Unfortunately, in real world K-12 settings this option is often 

impractical due to large class enrollment numbers, the diversity of students in 

classrooms, and strict curriculum timelines. Faced with the many challenges of 

teaching problem solving skills, many mathematics educators may not place much 

emphasis on problem solving instruction. Unfortunately for low performing students, 

this puts them further behind.  

The Purpose of Study 

The purpose of this study is to examine the impact of an individualized web 

based tutorial which will teach students (via worked examples) the process and 

component skills needed to successfully solve algebraic word problems. Due to the 

complex nature of solving algebraic word problems, the problem solving process was 

1) decomposed into problem solving component steps, 2) component skills associated 

with those steps were identified, and 3) effective instructional strategies and guidelines 

for teaching learners, who are at various levels of proficiency with respect to these 
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skills, were collected together. A problem solving tutorial was then designed and 

developed which adapted problem solving instruction based on learner proficiency. In 

addition, the proposed system continued to monitor students‘ learning, while they 

interacted with the system, and adapt the types of learning tasks and support based on 

their estimated skills. Using a mixed methods research design (Creswell, 2008), the 

tutorial‘s design and effectiveness was evaluated via formative and summative 

evaluations in real world K-12 mathematics classrooms.  

Research Questions 

This research study aims to answer two main research questions. These are: 

1. What are students‘ and teachers‘ perceptions on the problem solving tutorial?  

a. What are students‘ evaluation of the tutorial in terms of ease of learning, 

quality, engagement, and overall rating?  

b. What are the students‘ ratings on the usability of the tutorial in terms of 

visual design, content presentation, feedback, and adaptivity? 

c. What tutorial characteristics did students like most and/or least? 

d. What technical issues are observed and/or reported by students and 

teachers?  

e. What are teachers‘ perceptions about the effectiveness of the tutorial on 

student learning?  

2.  Is there a difference between a non-adaptive and an adaptively faded worked 

example tutorial design in regard to student learning outcomes (i.e. tutorial 

completion time, perceived cognitive-load, and student achievement on problem 

solving component and whole problem skills)? 
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Significance of the Study 

The significant benefits of this study are twofold. First, it extends the limited 

literature on the design and effectiveness of adaptively faded worked examples in an 

online learning environment. Although there exists extensive literature on worked 

example designs, few studies have examined how worked example design can be 

individualized to learners based on their knowledge and adaptively faded based on 

assessments of learner knowledge on component skills. Second, this study extends the 

literature on the effectiveness of worked example designs in real K-12 settings. A 

major limitation of previous studies is that the majority were conducted in controlled 

laboratory settings. By implementing this study in real K-12 settings, this study helps 

fill that gap and has the potential to assist both students and teachers in the teaching 

and learning of how to solve algebraic word problems. 

From the student perspective, by shifting more responsibility of instruction to 

them, this tutorial encourages more active mental participation. Studies have shown 

that this often lead to more active processing and to higher learning (Chi et al., 1989; 

Gerjets, Scheiter, & Catrambone, 2004). Second, it focuses attention on component 

problem solving skills which are often overlooked or underemphasized in typical high 

school mathematics lessons. This should help students construct and, with sufficient 

practice, automate generalized problem solving schemas which students can use to 

solve various novel problems. Third, the tutorial assesses students while they learn and 

adapts the design of instruction so that support is oriented towards the skills that 

students have difficulties with. This provides students with ―just-in-time‖ help without 

having to request it. Finally, by providing a problem solving tutorial which is 
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accessible via the web, students can have supplementary assistance outside of the 

classroom. Many students may not have access to help outside the classrooms because 

their parental guardians may also be deficient in problem solving skills and/or 

teaching experiences.  

From the instructor perspective, this tutorial also has great potential for 

addressing the learning needs of each student. It has been argued that problem solving 

instruction is often deficient because teachers lack adequate knowledge of adaptive 

instruction, resources, and/or appropriate classroom settings to successfully implement 

such individualized environments (Harskamp & Suhre, 2006).  The developed 

adaptive problem solving tutorial aims to address all three of these deficiencies by 

providing teachers with a web based resource which has built in mechanisms to adapt 

instruction for them. Further, by implementing such a system in the classroom, the 

instructor can then serve more as a facilitator and focus his or her time to tutor 

students on an individual and need basis. 

Limitations 

As with all research studies, this study has its limitations. First, instruction was 

limited to only 45-60 minutes. Such short duration may not be sufficient to 

significantly impact student achievement. Secondly, for this study data was collected 

from 35 students from a rural school in southwestern U.S.. This school was selected 

due to its close proximity and because the principal researcher involved in the study 

was a former high school mathematics instructor at the chosen school. As this is a 

convenience sample, the findings of this study may not yield results which are 

generalizable to the entire population of interest (i.e. U.S. high school mathematics 
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students). Thirdly, due to the lack of instruments measuring the set of component 

skills needed for solving algebraic word problems, the instruments used in this study 

were locally developed and adapted from previous instruments assessing these skills 

with elementary students (see Lucangeli, Tressoldi, & Cendron, 1998). Because these 

instruments have not yet been thoroughly tested, reliability and validity estimates were 

not known a priori. Fourth, due to the lack of instruments to assess cognitive load, the 

researchers used a commonly implemented 9-point likert scale (Paas et al., 2003a; 

Paas & van Merriënboer, 1994; Paas, van Merriënboer, & Adam, 1994). This scale 

involves a subjective self-report of perceived cognitive load. Because this survey is a 

self-report it may not fully capture cognitive load.  Fifth, in order to estimate students‘ 

real time level of proficiency on component problem solving skills, an algorithm 

developed and tested by Corbett and Anderson (1995) was used. This algorithm 

requires that the initial values of parameters be predefined. In past studies, that have 

used the same algorithm, these values were based on previous uses of the software 

which allowed for better or more sample dependent estimates. As this will be the first 

time that this tutorial is used in a K-12 setting, initial parameter estimates were based 

on recommendations from previous research (Corbett &Anderson, 1995; Corbett, 

McLaughlin, & Scarpinatto, 2000; Pardos & Heffernan, in press).  

Definition of terms 

 Algebraic Word Problem: A verbal description of a problem situation which 

requires students to answer one or more given questions. In the context of this 

study, to solve an algebraic word problem, the solver is required to use an 

algebraic method to solve. This required the solver to: (1) represent important 
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unknowns with letters, or variables; (2) use equations to represent important 

relationships described in the problem; and the (3) solve the equations to find the 

value of unknowns. 

 Automation: A process by which schemata held in long-term memory become 

sufficiently well practiced to enable them to bypass, or to be processed without 

conscious use of working memory. Automated schemata impose minimal strain on 

working memory (Sweller, 2005). 

 Cognitive Load: The total amount of cognitive activity imposed on working 

memory at an instance in time by information being presented (Sweller, 2005). 

 Cognitive Load Theory (CLT): A theory of learning and instructional design 

principles based on assumptions about human cognitive architecture that 

specifically address the limitations of working memory (Sweller, 2004; van 

Merriënboer & Ayres, 2005). 

 Extraneous Cognitive Load: Mental activities that occur during learning that do 

not contribute to and often impede learning. This includes processing redundant 

information, processing elaborate information that is already known, or splitting 

learner‘s attention while processing information. The design of instructional 

material can cause extraneous cognitive load if measures to prevent load are not 

taken.  

 Four-Component Instructional Design (4C/ID) model: Instructional design model 

for teaching complex procedures. The model was developed by van Merriënboer 

in the late 1990s (Van Merriënboer, 1997). 
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 Germane Cognitive Load: Mental activities that directly contribute to learning by 

placing productive demands on working memory. 

 Heuristics: Experience-based techniques used for solving problems. These 

strategies, while not guaranteed to work, might help one to better understand or 

solve a problem. 

 Intelligent Tutoring System (ITS):  Computer based system that provides students 

with individualized tutoring by using artificial intelligence methods. Traditional 

ITSs consist of four components: a domain model which defines the knowledge to 

be learned; a pedagogical model which defines different strategies for teaching 

domain knowledge; a student model which holds system‘ representations of what 

domain knowledge the student has acquired during the instruction; and a 

communication model which defines the interface between the system and the user 

(Woolf, 2009).   

 Intrinsic Cognitive Load: Cognitive load imposed on the learner due to the 

complexity of the task and dependent on the prior knowledge of the learner. Prior 

knowledge impacts the complexity of material due to its direct contribution to the 

size of schemas that the learner can handle without overtaxing his or her limited 

working memory capacity (Renkl, Atkinson, & Große, 2004). 

 Isomorphic: In the context or problem-solving, this refers to problems that have 

the same structure but may have different surface features such as storyline. 

 Metacognitive processes: The process of reflecting on one‘s thoughts, or 

evaluating one‘s work. 
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 Problem:   According to Mayer (1992) a problem occurs when you are confronted 

with a given situation (a given state) and you want another situation (goal state) 

but there is no obvious way of accomplishing your goal.  

 Problem Solving: The process of moving from the given state to the goal state of a 

problem. 

 Schema: A cognitive construct that schematically organizes information for 

storage in long term memory. When brought into working memory from long-term 

memory, a schema allows learners to treat multiple elements of information as a 

single element classified according to the way in which it will be used (Sweller, 

2005).  

 Self-Explanation: The process of explaining the reasons for undertaking certain 

processes and/or explaining how solutions were obtained. 

 Worked example: A completed problem that displays the problem formulation, 

solution steps, final solution and explanations for intermediate steps. 

 Working Memory (WM):  The cognitive structure in which humans consciously 

process information. Notable for its severe capacity and duration limitation when 

dealing with new information (Sweller, 2005). 
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Chapter II 

Literature Review 

Introduction 

Over the past decades, there has been extensive research directed towards 

problem solving and problem solving instruction. These include studies to identify and 

explain: the human cognitive processes that occur while solving problems; effective 

instructional design guidelines for problem solving instruction; skills and abilities 

required for learners to successfully solve mathematics problems; instructional 

approaches and methods for how to design problem solving instruction, and adaptive 

methods for individualizing instruction. As an overview of this research, Chapter 2 

will proceed with discussions on: 

 The theoretical framework of this dissertation which will consist of the integration 

of widely supported theoretical and instructional design models;  

 Various theoretical models that conceptualize the problem solving process, or 

steps  

 The key abilities and skills identified by research for successfully solving 

mathematics word problems; 

 Instructional methods and approaches for teaching problem solving skills; and 

 The use of Intelligent Tutoring Systems (ITS) methods to individualize problem 

solving instruction. 

Theoretical Framework 

Cognitive load theory. Based on the current assumptions about human 

cognitive architecture, Cognitive Load Theory (CLT) was developed by John Sweller 
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in the late 1980s while studying problem solving. The main concern of CLT (Paas, 

Renkl & Sweller 2003; Sweller 1988, 1999) is with the learning of complex cognitive 

tasks, where learners may become overwhelmed by the number of information 

elements that must be processed simultaneously before meaningful learning can occur. 

According to CLT, the limited capacities of working memory represent major factors 

that determine the effectiveness and efficiency of instructional material. CLT further 

proposes various guidelines and principles for designing instruction in manners that 

consider both the limitations of the human brain and to learner‘ expertise levels 

(Sweller, 1988; Kirschner, 2002; Paas, Renkl, & Sweller, 2003). 

One of the tenets of CLT is that working memory (WM) is limited in its 

duration (Cooper, 1998; Peterson & Peterson, 1959) and its capacity (Cowan, 2001; 

Baddeley, 1992; Miller, 1956). Research has found that almost all information stored 

in WM, if not rehearsed within 30 second is lost. Furthermore, the processing capacity 

of WM is limited to only 4±1 elements at one time (Cowan 2001). Due to these 

limitations, student learning has been shown to be severely hindered, especially when 

more than a few chunks of information must be processed such as with problem 

solving tasks.  

Fortunately, schemas, or prior domain-specific knowledge structures, are 

considered as a means to overcome the limitations of WM. According to CLT, 

learners have virtually unlimited capacities in their long-term memory which holds 

vast numbers of schemas (Paas et al., 2003). By constructing schemas, learners are 

better able to categorize several pieces of information into single elements which can 

be more easily processed in WM without absorbing excessive amounts of cognitive 
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resources. Further, after learners have had sufficient practice strengthening schemas, 

schemas become automatic, which in turn, also helps reduce the amount of WM 

resources which are consumed by retrieval (Kalyuga, Ayres, Chandler, & Sweller, 

2003). 

In problem solving, as the complexity of problems rises, schemas play a 

crucial role by enabling learners to process large amounts of information 

simultaneously (Leahy, Chandler, & Sweller, 2003). In studies of novice and expert 

problem solvers, Sweller concluded that domain specific knowledge in the form of 

schemas were the primary factor which distinguishes experts from novices in problem 

solving capacities (Sweller, 1988). Additionally, research has found that in the 

absence of relevant knowledge schemas, novice problem solvers often approach 

problem solving tasks by using inefficient random search processes followed by tests 

of effectiveness (Newell & Simon, 1972). Such trial and error processes require 

considerable cognitive resources from limited WM and often cause overload resulting 

in slow or no learning (Sweller, 1988). Consequently, in the absence of relevant 

knowledge schemas, CLT claims that it is crucial that instruction provide novices with 

adequate external guidance and support as a substitute for missing schemas. Cognitive 

studies of human expertise have established that expertise is not characterized by 

having superior problem solving strategies or large WM capacities, but rather to larger 

and better selections of schemas stored in long term memory. Thus, when training 

students on the abilities required for successful mathematics problem solving, the aim 

of instruction should be to facilitate schema construction and automation. 
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CLT describes three types of cognitive load on WM that may either inhibit or 

increase learning, or schema construction. These types of load include intrinsic, 

extraneous, and germane. These loads including instruction design guidelines based on 

CLT are described below.  

Intrinsic cognitive load relates to the degree of interactivity between the 

learning elements of the information being processed (Renkl, Atkinson, & Große, 

2004). In other words, intrinsic load depends on the complexity of material. For 

example, a word problem which requires students to integrate numerous mathematical 

principles would have higher intrinsic load, than a word problem which required the 

application of a single principle. While some have argued that intrinsic load is fixed 

and topic dependent, others have argued that it can be manipulated by reducing the 

complexity of instruction (DeLeeuw & Mayer, 2008). For example, research has 

found that instructors can lessen intrinsic load by simplifying tasks, omitting some of 

the interacting elements of the task, scaffolding instruction and/or sequencing 

instruction in a simple-to-complex manner (Pollock, Chandler & Sweller 2002; Van 

Merriënboer, Kirschner, & Kester, 2003). 

The second type of cognitive load is extraneous load. According to CLT, 

extraneous cognitive load is caused by the design and presentation of instructional 

material. High extraneous cognitive load can be experienced when the learner expends 

cognitive resources by processing extraneous information that is not essential for 

schema construction (Low & Sweller, 2005). Kalyuga (2009) provides examples of 

common instructional situations that cause extraneous cognitive load. These include 



Texas Tech University, Raymond Flores, August 2011 

 

15 

 

spatial or temporal split attention, excessive information, induced search, and 

redundancy situations. These situations and their descriptions are provided below:  

 Spatial or temporal split-attention situations refer to instances wherein related 

instructional information is separated by space and/or time (e.g. placing textual 

explanations of a diagram far from the diagram, or by providing voice over 

explanations and then showing corresponding animations after the narration ends, 

respectively). Each of these instances induces what is called the split-attention 

effect. Studies have shown that by splitting learners‘ attention, extraneous 

cognitive load may be increased by requiring learners to hold information in 

working memory, while at the same time performing extensive information search 

and match processes;  

 Excessive information situations refer to instances wherein the step-size is too 

large or the rate at which information is presented is too fast for the learner to 

successfully assimilate it into long term memory; 

 Induced search situations refer to instances wherein the amount of externally 

provided guidance does not compensate for limited knowledge schemas that the 

learner possesses, thereby forcing the learner to search for solutions using random 

procedures which causes extraneous load; 

 Redundancy situations refer to instances wherein learners with sufficient 

knowledge schemas are provided with unnecessary guidance which also consumes 

WM resources by requiring experienced learners to mentally co-refer different 

representations of the same information. 
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Because extraneous cognitive load impede the learning process, the goal of 

instructional design is to minimize extraneous cognitive load by limiting the 

occurrence of the situations described above. In efforts to do so, various instructional 

design guidelines and their effects have been proposed. These include the worked 

example, split attention, modality, redundancy, and expertise-reversal effects (Sweller, 

2005). These effects and their descriptions are provided below:  

 The worked example effect (Sweller, 2006; Cooper & Sweller, 1987) occurs when 

students learn more when provided with worked examples to study as opposed to 

equivalent problems to solve. Researchers have explained that by providing 

worked examples, induced search situations are reduced, thereby, reducing 

extraneous cognitive load. 

 The split attention effect (Ayres & Sweller, 2005; Moreno & Mayer, 2000; 

Kalyuga, Chandler, & Sweller, 1999; Sweller, Chandler, Tierney, & Cooper, 1990) 

occurs when students learn less when their attention must be split between 

multiple sources of related visual information in order to understand the material. 

Researchers have explained that by placing related material in closer proximity 

(e.g. near in time and space) instructional designers can limit or reduce spatial or 

temporal situations which reduces extraneous cognitive load. 

 The modality effect (Mayer, 2001; Ginns, 2005; Tindall-Ford, Chandler, & 

Sweller, 1997) occurs when students learn more from instances where verbal 

material is spoken rather than in a written form. Researchers have explained that 

by replacing written text with spoken text, instructional designers reduce or limit 

split attention situations, thereby reducing extraneous cognitive load. 
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 The redundancy effect (Sweller, 2005b; Chandler & Sweller, 1991) occurs when 

the cognitive resources of WM are unnecessarily consumed with the processing of 

multiple sources of information when a single source would have been sufficient 

to convey the idea. Researchers have explained that by removing redundant 

information, instructional designers reduce or limit redundancy situations, thereby 

reducing extraneous cognitive load. 

 The expertise reversal effect (Kalyuga, 2007; Kalyuga, Ayres, Chandler, & 

Sweller, 2003) occurs when instructional procedures such as physically integrating 

multiple sources of information, using worked examples, or by presenting 

instruction in dual mode format, loses its effectiveness as learner expertise 

increases. Researchers have explained that by considering learner knowledge 

levels in the design of material, instructional designers also reduce or limit 

redundancy situations, thereby reducing extraneous load. 

Together, the instructional design guidelines described above can be used to 

reduce extraneous cognitive load and, thereby, facilitate learning by allowing more 

cognitive resources to be focused on activities that promote learning, or the 

construction of schemas.  

Lastly, the third type of cognitive load described by CLT is germane load. 

Unlike extraneous load, germane load is said to be essential for learning and relates to 

the cognitive effort required from the learner to construct and automate schemas 

(Sweller, 2005a). Unlike both intrinsic and extraneous cognitive load, germane 

cognitive load does not constitute an independent source of cognitive load, but rather 

refers to the WM resources available to accommodate element interactivity associated 
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with intrinsic cognitive load (Sweller, 2010). Strategies that have been shown to 

increase germane cognitive load include studying from worked examples, increasing 

problem variability, and prompts for self-explanations (Paas & Van Merriënboer, 

1994; Renkl, Stark, Gruber & Mandl, 1998; Van Merriënboer, Schuurman, De 

Croock, & Paas, 2002). 

In summary, CLT is concerned with the learning of complex cognitive tasks, 

where learners may become overwhelmed by the number of information elements that 

must be processed simultaneously for learning to take place. In efforts to make 

learning more efficient, CLT offers various instructional design guidelines that can be 

used to limit extraneous load and promote germane load which encourages schema 

construction and automation. Many of the instructional design guidelines proposed by 

CLT have profound implications for the design of problem solving instruction. These 

implications, including how they were instantiated into the design of the proposed 

adaptive problem solving tutorial, will be discussed in later sections of this 

dissertation.  

Four-Component Instructional Design Theoretical Model for Complex Learning 

The instructional design model which has major implications for the 

improvement of problem solving instruction design is the Four-Component 

Instructional Design (4C/ID) theoretical model. This model, developed by van 

Merriënboer in the late 1990s, has been shown to be effective for training and 

promoting better transfer performance with complex skills (van Merriënboer, Jelsma, 

& Paas, 1992; van Merriënboer, 1997;  van Merriënboer, Clark, & de Croock, 2002; 

van Merriënboer & Kirschner, 2007). Similar to CLT, the 4C/ID theoretical model 
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acknowledges current knowledge of human cognitive architecture, the limitations of 

WM, and the three types of cognitive load (e.g. intrinsic, germane, and extraneous). 

According to the 4C/ID model, well designed environments for training complex skills 

consist of four interrelated components (1) learning tasks, (2) supportive information, 

(3) procedural information, and (4) part-task practice. Each of these components is 

described below:  

Learning tasks. Learning tasks are the key component of the 4C/ID model. 

According to this model, in order to promote the construction of cognitive schemata 

and enable learners to achieve a desired learning goal, learners should be provided 

with tasks that are concrete, authentic and meaningful whole-task experiences. Ideally, 

these learning tasks should require learners to integrate and coordinate many, if not all, 

constituent skills of a complex cognitive skill. By doing so, the model states that this 

will promote better understanding (i.e., schema construction) of the desired goal. The 

4C/ID model recommends learning tasks be sequenced in a simple-to-complex fashion 

and that learners receive more support on initial tasks. Commonly recommended types 

of support include worked examples; completion tasks where learners are presented 

with a problem and partial solutions to complete; and faded guidance where learners 

are initially provided with much support but this support is gradually faded out as 

learner expertise increases (van Merriënboer & Kester, 2005).  

Supportive information. Secondly, the 4C/ID model consists of the 

supportive information component. This component provides information which 

describes how tasks should be organized and how problems should be approached. In 

other words, the purpose of supportive information is to help learners build 



Texas Tech University, Raymond Flores, August 2011 

 

20 

 

connections between what they already know and information that would be helpful to 

successfully accomplish learning tasks. According to van Merriënboer supportive 

information consists of three parts.  Domain models (i.e. conceptual, structural, and 

causal models) which answer questions such as ―what is this?‖, ―how is this 

organized?‖, and ―how does it work?‖; Systematic Approaches to Problem solving 

(SAPs) such as examples that show how an expert would perform and explain the 

processes of completing a task; and third, cognitive feedback, in which learners are 

asked to compare their solutions with those of experts. It has been found that initially, 

supportive information is crucial because it enables learners to reach a goal or action 

not achievable without that support. However, as the learner achieves higher levels of 

competency it is suggested that support be gradually diminished until it is no longer 

needed. Research has found that it is critical to determine the right type and amount of 

support and to fade at the appropriate time because too much or too little support can 

hamper the learning process (van Merriënboer, Kirschner & Kester, 2003). 

Procedural information. Thirdly, the 4C/ID model consists of the procedural 

information component. This component provides information for recurrent 

constituent skills of learning tasks which are routine, usually presented in the form of 

step-by-step ―how to‖ instructions. According to this model, it is preferable that 

procedural information on domain-specific rules be presented in a ―just in time‖ 

manner. That is, procedural information should be presented to learners precisely at 

the time when it is needed to perform a particular constituent skill, and only presented 

again if learners cannot recall it when they must apply the skill in subsequent 

situations (van Merriënboer, 1997; van Merriënboer & Kirschner, 2007). The 4C/ID 
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model argues that by presenting procedural information only when it is needed, 

temporal split-attention effects can be prevented.  

Part-task practice. Finally, the fourth component of the 4C/ID model is the 

part-task practice component. This model recommends that part-task practice be 

provided for recurrent constituent skills for which automaticity is desired. This model 

states that part-task practice should begin only after the learner has practiced 

performing the whole task in order to ensure that the learner performs practice 

activities within a context that is meaningful to the learner (van Merriënboer, 1997; 

van Merriënboer & Kirschner, 2007). Optimally, it is recommended that part-task 

practice should be intermixed with learning tasks instead of being presented in 

isolation. Previous research has indicated that the part-task strategy is effective in 

lowering cognitive load for all students, specifically for students with low prior 

knowledge. In contrast, students with higher prior knowledge learned significantly 

more by studying whole tasks than part-tasks (Ayres, 2006). 

In summary, there are many reasons why the 4C/ID approach has been 

hypothesized and shown to promote better transfer performance on complex skills. 

First, by emphasizing whole-task practice, this model focuses on the integration and 

coordination of all constituent skills of a complex cognitive skill while simultaneously 

promoting understanding (i.e., schema construction) of the complex skill. By doing so, 

this model emphasizes the ability to apply the complex cognitive skill in a wide 

variety of new real-life situations (van Merriënboer, 1997; van Merriënboer & 

Kirschner, 2007). In addition, the 4C/ID approach has been shown to better promote 

transfer of learning due to task variability. High variability of whole-task practice 
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enables learners to develop rich cognitive schemata which allows for schema-based 

transfer of learning (e.g., Paas & van Merriënboer, 1994; Quilici & Mayer 1996; 

Schilling, Vidal, Ployhart, & Marangoni, 2003; van Merriënboer, Kester, & Paas, 

2006). As with CLT, many of the instructional design guidelines proposed by the 

4C/ID model have profound implications for the design of problem solving 

instruction. These implications, including how they were instantiated into the design 

of the developed adaptive problem solving tutorial, will be discussed in later sections 

of this dissertation. 

Theoretical Models of the Problem Solving Process 

In the next sections of this dissertation, an overview of: theoretical models on 

the specific processes that solvers take when solving problems; constituent component 

skills which research has found to be crucial for solving word problems; and 

instructional methods and approaches for teaching learners the abilities and skills 

required to successfully solve algebraic word problems 

Problem and problem solving defined. Mayer (1983, 1992) defined a 

problem as an occurrence when ―you are confronted with a given situation (a given 

state) and you want another situation (goal state) but there is no obvious way of 

accomplishing your goal.‖ Problem solving, Mayer further elaborates, refers to the 

processes taken in order to move from the given state to the goal state of the problem. 

For example, when solving algebraic word problems, problem solving would include 

the processes of translating the problem statements into an internal representation (i.e. 

a set of equations) and then applying the rules of algebra and arithmetic to solve those 

equations. By undertaking these processes, the learner would engage in problem 
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solving (i.e. moving from the given state to the goal state of a problem). Similarly, 

Pólya (1962) defined problem solving as ―the search for an appropriate course of 

action to attain an aim that is not immediately attainable‖ (p. 117).  Like Mayer, Pólya, 

highlights the point that a situation is not a problem unless the courses of action are 

not immediately seen and must be sought. Schoenfeld (1989) took this definition a 

step further by stating that problem solving is a ―task (a) in which the student is 

interested and engaged and for which he wishes to obtain a  resolution, and (b) for 

which the student does not have a readily accessible mathematical means by which to 

achieve that resolution‖ (p. 88).  

Over the past decades, several theoretical models have been conjectured in 

efforts to conceptualize the processes that learners take to solve problems. These 

models, grounded in information processing theory, include those whose focus are 

with mathematics, such as Pólya (1945) and Schoenfeld (1985), and others who have 

dealt with how problems are solved in general, such as Newell and Simon (1972). In 

1945, George Pólya wrote How to Solve It. In his book, Pólya conceptualized the 

problem solving process into four-steps that include: (a) understanding the problem, 

(b) devising a plan, (c) carrying out the plan, and (d) looking back. In addition to his 

four step process, Pólya was one of the first to introduce the notion of heuristics (i.e. 

strategies that, while not guaranteed to work, might help one to better understand or 

solve a problem). Pólya illustrated the use of certain heuristics, such as drawing 

diagrams; ―working backwards‖ from the goal; and decomposing a problem into parts, 

solving the parts, and recombining them to obtain a solution. Unfortunately, although 

Pólya's ideas were initially well received by the mathematics community, many 
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quickly found Pólya‘s heuristics too general and difficult to implement in practice. For 

example, while Pólya suggests that one should draw diagrams, it was not clear which 

diagrams should be drawn, and although a problem could be decomposed in many 

ways, it was not clear which ways would be optimal. After failing to find much 

success using Pólya‘s heuristic strategies, many questioned whether heuristics could 

be taught to help students become good problem solvers.  

This question continued to puzzle mathematics educators until 1972, when 

Allen Newell and Herbert Simon wrote their book titled Human Problem Solving. 

These researchers conceptualized problem-solving as a two-step process: (a) 

understanding process and (b) search process. In the first process, the solver uses a 

variety of perceptual stimuli (e.g., drawing a diagram or picture) and in the latter 

process, the solver sought or calculated the solution to the problem. In addition, 

having studied expert chess players, these researchers showed that it was possible to 

abstract expert chess players‘ behaviors into symbolic logic and then codify those 

behaviors into a computer program. The work of Newell and Simon suggested that 

one may be able to do the same with more complex human problem-solving strategies, 

if care is taken to ―attend to the fine details‖ (Newell & Simon, 1972). This 

reinvigorated the idea that problem solving strategies could be taught. 

In 1985, Alan Schoenfeld wrote Mathematical Problem Solving. In his book, 

Schoenfeld argued that one of the primary reasons for the failure of Pólya‘s heuristics 

was that they were too broadly defined to be teachable. Schoenfeld further explained 

that if one specified Pólya‘s heuristics more narrowly, students could indeed learn to 

use these problem-solving strategies - and use them to solve novel problems unlike the 
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ones they had been taught to solve. Similar to Pólya, Schoenfeld conceptualized 

problem solving into steps which he termed ―problem solving episodes.‖ Schoenfeld‘s 

episodes include: (a) analyzing the problem, (b) selecting appropriate mathematical 

knowledge, (c) making a plan, (d) carrying it out, and (e) checking the answer against 

the question asked. In addition, Schoenfeld claimed that an individual's mathematical 

behavior could be determined by four factors: (1) the person's mathematical resources 

(i.e. knowledge of theorems, definitions, algorithms, proofs of theorems rules of logic, 

and the standard mathematical proof techniques.); (2) the person's ability to use 

heuristics (i.e. strategies such as those proposed by Pólya); (3) the person's skill at 

controlling his use of resources and heuristics (i.e. ability to stick to the problem); and 

(4) the person's beliefs about mathematics and about himself. According to 

Schoenfeld, success or failure is determined by these four factors which could be 

learned and should be taught. 

Word problems and theoretical models for solving word problems. Among 

the various types of mathematics problems that students are asked to solve in K-12 

settings, the most common in U.S. mathematics curricula are word problems, also 

known as story or statement problems (Cassel & Reid, 1996; Cawley, Fitzmaurice-

Hayes, & Shaw, 1988; Jonassen, 2003).  Mathematical word problems generally 

consist of three components. These are a(n): (a) set-up component, or problem 

situation, consisting of the roles and places in the story problem; (b) information 

component, which provides the data required to solve the problem; and (c) question 

component, which is the main question students are asked to solve (Gerofsky, 2004). 

In addition to sharing a common general structure, most of the word problems 
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encountered in schools and universities can be classified as well structured problems 

(Jonassen, 2002). Well-structured problems, unlike ill-structured problems, present all 

problem elements; engage the learner in the application of a finite number of rules 

and/or principles; possess correct, convergent answers; and have a preferred, 

prescribed solution process (Jonassen, 2002).  The traditional solution process taught 

or followed to solve these well-structured mathematics problems is (Rich, 1960): (1) 

Representation of the unknowns with letters; (2) Translation of relationships between 

unknowns into equations; (3) Solving equations in order to find the value of the 

unknowns; (4) Verification or checking of values found to see if they satisfy the 

original problem. This traditional approach is closely aligned with Pólya‘s four-step 

problem solving process. 

Based on information-processing models for problem-solving, several 

researchers have proposed various theoretical models whose focus is with the process 

of how word problems are solved. For example, Mayer (1992) conceptualized 

mathematical word problem-solving as two processes. These are: (a) problem 

representation where the solver constructs a mental representation of the problem and 

(b) problem solution where the solver searches for a means to solve the problem. 

According to Mayer, some of the behaviors that solvers exhibit, while in the problem 

representation process, include paraphrasing problem statements (i.e. summarizing and 

putting the problem in one‘s own words), visualizing thorough illustrations (e.g., 

drawing a diagram or picture), and hypothesizing a problem. The goal of this process 

is to understand the linguistic and numerical information of a problem and to 

transform it into mathematical equations and operations. After the solver has 
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successfully completed the representation process, he can then proceed to the problem 

solution process. In this latter process, students plan how to solve the problem and 

execute those strategies. 

Building on previous problem-solving models, whose focus were on the 

cognitive processes of problem solving, Montague (1992) and Jitendra and Hoff 

(1996) proposed two additional word problem solving models. Montague‘s model 

(1992) consisted of two components: a cognitive processes component, which 

encompasses the processes identified by Mayer (1992), and a second component 

which includes meta-cognitive processes. This latter component includes the solver‘s 

self-awareness of: cognitive knowledge, use of cognitive processes, and regulation of 

cognitive performance. Jitendra and Hoff (1996) extended previous problem solving 

models by incorporating ideas from schema theory. These researchers conceptualized 

word problem solving as a three-stage schema-based model. The first stage of problem 

solving involves processing problem schemas, or mental models that learners 

construct about different kinds of story problems. To carry out this stage solvers must 

carefully identify the characteristics, features, and facts of the problem situation. The 

second stage involves activating action schemas. In this stage, solvers select relevant 

strategies and mathematical operators for the problem. The third stage of this model, 

involved the execution of mathematical operators to reach a solution. In this third 

stage, the solver applies strategic and procedural knowledge to solve the problem.  

Abilities and Skills Required to Solve Word Problems 

The ability to solve word problems requires more than just computation skills. 

Using the theoretical models proposed for solving mathematical word problems, 
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several researchers have identified key abilities required for solving mathematical 

word problems. According to Mayer, Larkin, and Kandane (1984), these include the 

abilities to: (1) transform problem‘ sentences into a mental representation,(2) integrate 

different information into a single coherent representation, (3) plan the necessary steps 

to arrive at a solution, and (4) to execute the plan. Lucangeli, Tressoldi, and Cendron 

(1998) extended previous research by formulating a comprehensive theoretical model 

of the key cognitive and metacognitive abilities required for solving mathematical 

word problems. The resulting validated model identified five key skills: text 

comprehension, problem categorization, problem representation, solution planning, 

and self-evaluation.  

Text comprehension. This skill refers to the solver‘s linguistic ability to 

comprehend the textual information provided in the problem. This includes the ability 

to understand the information provided (problem situation) and sought (problem goal). 

In addition, text comprehension requires that students have sufficient knowledge of 

mathematical terms and operators.  For example, dependent on the problem, the solver 

may need both declarative and conceptual knowledge of terms such as ‗‗altogether,‘‘ 

‗‗more than,‘‘ and ‗‗less than‖ and mathematical operators such as addition, 

subtraction, multiplication and division. 

Problem categorization. This skill refers to the solver‘s ability to recognize 

the deep underlying structure of problems beyond surface descriptions such as story 

content. For example, Greeno (1980) and Riley et al (1982) identified three types of 

problems: cause/change (Joe has 3 marbles. Tom gives him 5 more. How many 

marbles does Joe have?); combination problems (Joe has 3 marbles. Tom has 5 



Texas Tech University, Raymond Flores, August 2011 

 

29 

 

marbles. How many do they have altogether?); and comparison problems (Joe has 3 

marbles. Tom has 5 more than Joe. How many marbles do they have altogether?).  In 

studies of expert and novice problem solvers, research has shown that experts tend to 

classify problems based on deep structures and problem features, while novices 

classify problems based on surface features such as story content (Chi, Feltovich, 

Glaser, 1981; Sweller, 1988; Hegarty, Mayer, & Monk, 1995). As problems become 

more complex, they may combine elements of more than one of the problem types 

(Greeno, 1980).  For example, with the problem: ―Justin is 4 years older than Ethan. In 

9 years, the sum of their ages will be 34. Find the age of each boy now.‖ This problem 

includes: comparison relationships (i.e. ―Justin is 4 years older than Ethan‖); and 

cause/change (i.e. ―in 9 years‖) with combination (―the sum of their age will be 34‖). 

Studies have shown that the importance on recognizing deep structures is that 

problems with similar structures often have similar solution setup structures. When 

students recognize the underlying structure of a problem, they are better able to recall 

appropriate solution set up structures, in the form of schemas, from long term memory 

to help them solve the problem. In addition, by recognizing problem structures, expert 

problem solvers were better able to distinguish what information was relevant and 

irrelevant in a problem (Robinson & Hayes, 1978), which also helped them when 

developing problem solving plans.  

Problem representation. This skill refers to the solver‘s ability to construct of 

a mental model of the problem situation. With this skill, solvers are able to process the 

problem situation and transform those statements into an internal mental 

representation, such as a picture or an equation, in the case of algebra word problems. 
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According to Mayer (1981, 1992), information drawn from the text must be integrated 

into a single coherent representation where the value of the different variables 

becomes related to each other and to unknown data. Many students struggle with this 

ability, especially when they are required to construct a mental representation by 

translating English statements into algebraic equations (Clement, Lochhead, & Monk, 

1981; MacGregor & Stacey, 1993; Rosnick & Clement, 1980; Wollman, 1983). 

Hegarty and colleagues found that successful problem solvers are more likely to 

construct a meaningful representation of the situation described in the problem, 

whereas unsuccessful problem solvers are more likely to focus on keywords and 

numbers as opposed to the underlying relationships of the problem (Hegarty, Mayer, 

& Monk, 1995).  One of the most common errors discussed in the literature for 

translating problem statements into equations is termed the ―reverse error‖. In the 

reverse error, students erroneously translate statements by reversing the order of 

variables by directly translating English statements directly into algebraic equations 

moving from left to right. For example, students would incorrectly translate the 

proposition ―x is three less than y‖ into the equation ―x=3-y‖.  In studies with college 

level students, Soloway and colleagues (Soloway, Lochhead, & Clement, 1982) found 

that approximately one third of participants gave reverse error answers. While some 

researchers have argued that there may be deep cognitive reasons for reverse errors 

(MacGregor & Stacey, 1993), others suggest that students‘ inclination to translate 

directly from English sentences to algebraic expressions may be rooted by the 

procedural methods that teachers use such as looking for ―key words‖ (Capraro & 

Joffrion, 2006). Wagner and Parker (1993) argue that while looking for key words 
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may be a useful problem solving heuristic, it often encourages over-reliance on direct 

translation, rather than the use of analytical strategies to translate word problems into 

equations.  

Solution planning. This skill describes the ability of the solver to develop and 

execute adequate plans for solving the problem. Research has shown that novice 

students often struggle with how to approach problems and how to make effective use 

of mathematical tools (Harskamp & Suhre, 2006). Often students opt to employ 

methods that they have more experience with, regardless of how inefficient these 

methods may be. For example, Stacey and MacGregor (2000) found that with 

algebraic word problems, many students would resort to using inefficient arithmetic 

methods. Stacey and MacGregor assert that one of the major reasons for this was the 

compulsion to calculate. This compulsion to calculate, when students focus on the 

numbers, often prevents students from looking for, selecting, and naming the 

appropriate unknowns, and from focusing on ―forward operations‖' in formulating an 

equation. In addition, the compulsion to calculate often prevents some students from 

attempting an algebraic approach, and deflects others away from an algebraic method 

that they have started. Investigations of expert versus novice problem solvers show 

that novices often resort to the ―means-ends‖ approach where they work backwards 

(i.e. the answer defines the way to solve or approach the problem), while experts work 

forward, checking logic and answers as they proceed (Simon & Simon, 1978). Further, 

research has shown that students‘ problem solving failures are often not a direct result 

of missing mathematical knowledge (such as vocabulary or computation) but rather 
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from the ineffective use of that knowledge (Garofalo & Lester, 1985; Schoenfeld, 

1987; Van Streun, 2000). 

Self-evaluation. This skill refers to the ability of the solver to evaluate his or 

her solution procedures and solutions. Schoenfeld (1992) observed that expert problem 

solvers spend more time analyzing problems and verifying the adequacy of possible 

answers to a problem than novices do. Novices, on the other hand, tend to spend more 

of their time on familiar procedures (e.g. calculations) without making sure that they 

followed a correct solution plan. In addition, novice problem solvers spend less time 

reading problem text and thinking about the appropriateness of the procedures they 

use. Dreyfuss and Eisenberg (1996), Goos (2002) and Teong (2003) confirm the 

findings of Schoenfeld. Montague (1992) further underlined the importance of control 

such as, monitoring the comprehension, controlling the execution plan, and evaluating 

results. 

Together, the five skills examined by Lucangeli‘s and colleagues provide a 

comprehensive validated model which describes both the cognitive and metacognitive 

abilities required to solve mathematical word problems. These researchers recognized 

that solving mathematical word problems requires more than plugging values into 

formulas and solving for the unknowns. Rather, successful problem solving requires 

the comprehension of relevant textual information, the capacity to visualize the data, 

the capacity to recognize the deep structure of the problem, the capacity to correctly 

sequence their solution activities, and the capacity and willingness to evaluate the 

procedure used to solve the problem (Lucangeli, Tressoldi, & Cendron, 1998). 
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Similarly, Schoenfeld (1992) notes that problem solving requires that students possess 

sufficient cognitive resources, heuristics, and control or metacognition.  

With the collage of skills and cognitive resources that must be used during the 

process of solving mathematics word problems, it comes as no surprise that students 

struggle with problem solving tasks. So how can problem solving instruction be 

improved?  First, instruction should implement the use of instructional methods which 

specifically target the skills required for successful mathematics problem solving and, 

secondly, the design of instruction should adhere to the instructional guidelines which 

are not only cognizant of student expertise levels but also the limitations of the human 

mind. In the following section, research based instructional methods and design 

guidelines which have been shown to be effective for teaching students the skills 

required for problem solving are discussed. 

Instructional Methods and Approaches for Problem Solving Instruction 

Various instructional methods and approaches have been proposed and 

examined for how students should be taught the abilities and skills required to solve 

mathematics word problems. For example, Mayer (1992), who conceptualized 

mathematical word problem solving as two processes (i.e. problem representation and 

problem solution), proposed four types of training methods that students should 

receive. To help students acquire or strengthen the skills required during the problem 

representation phase (e.g. text comprehension, problem representation, and problem 

categorization), Mayer recommends that students be provided with translation and 

schema training. On the other hand, for the problem solution phase (e.g. planning the 
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solution, and self-evaluation), Mayer suggests that students be provided with direct 

instruction on strategy training and algorithm automaticity. 

Translation training. As previously cited, in order for students to successfully 

solve mathematics word problems, it is crucial that they comprehend the problem and 

build accurate mental representations of the problem. Unfortunately, many students 

are weak in these skills because instruction often places heavy emphasis on the 

solutions of problems and less emphasis on comprehension and representation (Mayer, 

1992). In order to address these deficiencies in instruction, Mayer suggests that 

students receive sufficient translation training, during which, mathematics instructors  

provide students with direct instruction in problem comprehension and ample practice 

representing mathematical relationships as equations, pictures, programs, words and/or 

concrete objects.  

Schema training. In addition to translation training, Mayer recommends that 

students receive schema training. With schema training increased emphasis is placed 

on understanding, instead of execution. Whereas it may be possible for students to 

superficially solve problems using formulas or procedures which they have 

memorized, understanding requires students to incorporate deeper cognitive processes 

and to build schemas for problem types in long term memory. In schema training, 

students should be given ample practice recognizing various problem categories/types 

(e.g. cause/change, combination, and comparison), problem solving practice with a 

mixture of problems types, practice with problem representation, and practice 

selecting relevant and irrelevant information from the problem. As emphasized by 

CLT, schemas play a major role in problem solving therefore, mathematics instructors 
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should place extra emphasis on understanding which will help students acquire and 

strengthen generalized problem solving schemas. 

An instructional approach that has shown promise for helping students acquire 

and automate problem-solving schemas is the study of worked examples. With worked 

examples, rather than engaging in extensive solution search and execution processes, 

students instead can use their limited cognitive resources for the induction of 

abstracted and generalized problem-solving schemas which they can use to solve 

future problems with similar underlying structures (Sweller, 1988; Sweller et al., 

1998).  Research has shown that by actively studying worked examples, students learn 

to categorize problems with similar solutions and are better able to construct solutions 

to novel problems by analogy (Anderson, Farrell, & Sauers, 1984; Sweller & Cooper, 

1985). 

Strategy training. It is during the second process of Mayer‘s conceptual 

model that students search for a means to solve the word problem. The skills required 

during this process involve both planning the solution and verifying the solution. For 

this process, Mayer recommends strategy training and algorithm automaticity. During 

strategy training, Mayer recommends that students be provided with direct instruction 

on the use of specific problem solving strategies (or heuristics), practice with those 

strategies, and practice describing and comparing solution procedures (Mayer, 1992). 

For the same reasons that worked examples have been proven to be beneficial during 

schema training, they have also shown to be a successful instructional method for 

strategy training. Research has found that by providing novice students with an 

expert‘s problem solution to study, novices have been shown to adopt problem solving 
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techniques more quickly and to improve problem solving performance (Chandler & 

Sweller, 1991; Cooper & Sweller, 1987; Sweller & Cooper, 1985; Tarmizi & Sweller, 

1988). Several comparison studies of worked examples and trial-and-error problem 

solving in the domain of algebra have shown that the study of worked examples was 

more beneficial, since the standard means-end problem solving strategies often used 

by novices impose heavy extraneous cognitive load on working (Sweller, 1988; 

Tarmizi & Sweller, 1988).  

Algorithm automaticity training. An algorithm is a step-by-step problem-

solving procedure. For algorithm automaticity, Mayer recommends that before 

extensive training in complex sophisticated processes is introduced, students should 

receive proper instruction on the components that students have difficulties with and 

be required to provide evidence of understanding at the component level. In support of 

this recommendation, Schoenfeld (1992) asserts that attempts to improve problem 

solving should focus on problem solving ―episodes,‖ or steps, that students struggle 

with and/or neglect when solving problems.  

Research suggests that algorithm automaticity, unlike the automation of 

problem type schemas, is a slower process which requires considerably more practice 

(Cooper & Sweller, 1987; Sweller & Cooper, 1985). Even still, research suggests that 

if properly designed, worked examples can be effective for helping students with the 

construct and automate problem solving algorithms. However, worked examples affect 

the acquisition of problem schemas first and only after sufficient practice, do they 

improve algorithm automation. This process is further facilitated by combining 

worked examples with extended practice.  
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In summary, with sufficient training (i.e. translation training, schema training, 

strategy training, and algorithm automaticity), when a solver is presented with a novel 

mathematics word problem he or she should be able to identify which problem type 

the given problem belongs to, retrieve appropriate schemas from long-term memory, 

activate solution procedures associated with the problem type in WM, and accurately 

solve the problem (Moreno, 2006). 

Worked Example Approach for Teaching Mathematics Problem Solving 

Consistent with CLT and the 4C/ID theoretical models, the instructional 

approach which has received extensive support in the literature for teaching and 

providing training for learners on the skills and abilities required to solve problems is 

the use of worked examples (Sweller, 2006; Salden, Aleven,  Renkl, & Schwonke, 

2009; Paas & van Gog, 2006; Renkl, 1997; VanLehn, 1996; Sweller & Cooper, 1985). 

From the cognitive perspective of CLT, it has been argued that the effectiveness of 

worked examples in problem solving instruction can be attributed their ability to 

decrease extraneous load which, in turn, enables more working memory resources to 

be directed towards activities that facilitate learning such as focus on problem states 

and problem solving operators (Sweller, 1988; Paas & van Gog, 2006). 

In addition, the use of worked examples in problem-solving instruction is 

consistent with a four-stage model of expertise based on Anderson‘s ACT-R 

framework (Anderson, Fincham, & Douglass, 1997). According to the ACT-R model, 

learners who are in the first stage of skill acquisition, solve problems by analogy (i.e. 

using examples of problems that are similar to the one being solved), and try to relate 

those problems to new problems to be solved. At the second stage, learners develop 



Texas Tech University, Raymond Flores, August 2011 

 

38 

 

abstract declarative rules or schemas, which guide them in future problem solving. In 

the third stage, after having had sufficient practice, problem schemas become 

proceduralized and this leads to the fourth stage of expertise. In the fourth stage, 

schemas are automatic and analogical reasoning on a large pool of examples is 

combined to successfully solve a variety of problem types. 

Although a large body of empirical evidence has shown that worked examples 

are very effective during the initial stages of expertise development (i.e. during initial 

skill acquisition) (VanLehn, 1996), research has also shown that the mere presentation 

of worked examples is not enough to promote students‘ problem solving schema 

construction (Renkl, 1997).  In a comprehensive review of the worked example effect 

literature, Moreno (2006) discussed various situations in which worked examples did 

not yield a positive effect on problem solving schema acquisition and situations in 

which worked examples may have actually been detrimental. These situations occur 

when novice problem solvers: are not be able to identify relevant information in 

examples or focus on irrelevant surface features (Ross, 1989); suffer from the 

‗‗illusion of understanding‘‘ when studying worked examples (Renkl, 1999); and/or 

have difficulty generalizing solutions from examples to novel problems (Catrambone 

& Holyoak, 1989). In addition, Moreno argues that, despite the fact that studying 

worked example as a substitute for problem solving reduces extraneous cognitive load 

for novice problem solvers, learners often do not take full advantage of the increase of 

available working memory resources and do not spontaneously engage in germane 

cognitive activities such as example elaboration or comparison activities which have 
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been known to promote schema construction and automation (Chi et al., 1989; Gerjets, 

Scheiter, & Catrambone, 2004).  

On the other hand, for expert problem solvers, Moreno (2006) also points to 

literature that has shown that the study of worked examples may actually have had a 

detrimental effect on some students. Similarly, in studies by Kalyuga and his 

colleagues, it was concluded that while worked examples proved to be effective for 

inexperienced learners, more experienced learners gained more from problem solving 

practice—an effect which was termed the expertise reversal effect (Kalyuga, Ayres, 

Chandler, & Sweller, 2003). Proponents of the expertise reversal effect argue that if 

the necessary schemas for solving a problem are already available, analyzing a 

redundant worked example and integrating it with previously acquired schemas in 

working memory may impose higher cognitive load than problem solving (Kalyuga, 

Ayres, Chandler, & Sweller, 2003).  Therefore, to prevent cognitive overload in 

students with sufficient domain knowledge, it is recommended that for these learners 

instruction should rely more on already developed schemas for guidance, rather than 

instructional guidance in the form of worked examples (Kalyuga, Ayres, Chandler, & 

Sweller, 2003). 

Over the past decades, there has been extensive research of effective worked 

example designs (i.e., those that promote efficient learning). In a comprehensive meta-

analysis on the design of worked examples, Jennifer Crissman (2006) discusses this 

research in terms of intra-example features (i.e. characteristics of individual examples) 

and inter-example features (i.e. characteristics among multiple examples).   
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Research on effective worked example designs. The intra-example features 

that have received considerable research attention include the impact of integrating 

diagrams (Tarmizi & Sweller, 1988; Atkinson & Derry, 2000) or audio (Atkinson & 

Derry, 2000; Mousavi, Low, & Sweller, 1995) with source information; labeling or 

cueing of problem subgoals (Atkinson & Derry, 2000; Catrambone & Holyoak, 1990); 

fading solution steps (Renkl, Atkinson, & Maier, 2000; Renkl & Atkinson, 2002), and 

training in self-explanation strategies (Chi et al, 1989; Atkinson, Renkl, & Merrill, 

2003; Neuman & Schwarz, 2000). Based on the research on intra-example features, 

Crissman (2006) summarizes the findings by stating that the design of worked 

examples should: (a) integrate sources of information with their associated diagrams, 

text, and audio to avoid split-attention; (b) provide visual cues to relevant elements of 

the example and simultaneous aural information to complex material where 

appropriate; (c) include subgoals that will enhance learning by representing important 

conceptual ideas that are often applied within the subgoals; (d) fade solution steps as 

students gain knowledge in order to reduce extraneous load; and (e) encourage and/or 

prompt self-explanations to increase germane load and the active processing of 

worked examples.  

In regard to inter-example features, much research attention has been given to 

the impact of: presenting multiple examples (Reed & Bolstad, 1991; Gerjets, Scheiter, 

& Tack, 2000); using example/problem pairs (Tarmizi & Sweller, 1988; Sweller & 

Cooper, 1985); and varying surface stories and problem types (Quilici & Mayer, 

1996). Research on inter-example features generally shows that benefits to learning 

are achieved: (a) when multiple examples are given for each type of problem (Gick & 
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Holyoak, 1983; Reed & Bolstad, 1991), (b) problem variability can be effective if 

steps are taken to minimize cognitive load and worked examples are used (Paas & van 

Merriënboer, 1994), (c) instruction that entails various types of problems present 

examples with a fixed set of surface features (story lines) and these same surface 

features are used across all problem types (Quilici & Mayer, 1996), and (d) alternating 

source examples with target problems produced better results than presenting blocked 

source examples followed by a block of target problems (Trafton & Reiser, 1993; 

Atkinson, et al., 2000). 

Overall, the results of Crissman‘s comprehensive meta-analysis on the various 

types of instructional designs used to present worked examples indicated that various 

designs prove to be beneficial however, faded solution steps and self-explanations 

yielded the strongest positive impact on learning outcomes (Crissman, 2006). 

Crissman further concludes that research on faded solution steps and self-explanation 

training shows promise in worked example research, especially in the area of online, 

or distance learning.  

Intelligent Tutoring Systems Approach for Teaching Mathematics Problem 

Solving 

Another notable successful approach for teaching learners the abilities and 

skills to successfully solve mathematics problems is providing them with instruction 

in the form of one-on-one tutoring (Cohen, Beal, & Adams, 2008; Arroyo, et al., 2004; 

Koedinger et al., 1997; Anderson et al., 1995). Human one-on-one tutoring has been 

shown to be highly effective, with experienced tutors achieving estimated two 

standard deviation improvements over classroom instruction (Bloom, 1984; Kulik & 
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Kulik, 1991). Unfortunately, as previously cited, due to limitations of traditional 

classrooms, instructors are not able to provide learners with one-on-one attention that 

they need (Harskamp & Suhre, 2006). One successful approach for addressing these 

limitations is through the use of intelligent tutoring systems (ITS) (Anderson, Corbett, 

Koedinger, & Pelletier, 1995; Beal, Walles, Arroyo, & Woolf, 2007; Koedinger & 

Aleven, 2007; Koedinger, Anderson, Hadley, & Mark, 1997; Mitrovic, 2003; Razzaq 

et al., 2005; VanLehn et al., 2005). ITS assist learners with problem solving by 

individualizing instruction to their needs, selecting appropriate problems to-be-solved, 

individualizing support in the form of feedback and problem solving hints, and by 

monitoring their progress while they learn.  

Successful ITS used for teaching mathematics related problem solving include 

AnimalWatch, which tutors students on solving arithmetic word problems (Cohen, 

Beal, & Adams, 2008), Wayang Outpost Tutor, which tutors high school mathematics 

student on problems commonly found on high stakes achievement tests like the SAT-

M exam (Arroyo, et al., 2004); Pump Algebra Tutor, which tutors high school students 

on mathematics modeling and algebraic word problems (Koedinger et al., 1997), and 

Geometry Proof Tutor, which tutors high school students on Geometry proofs 

(Anderson et al., 1995). A special category of ITS which is grounded in cognitive 

theory is termed cognitive tutors. In general, Cognitive Tutors employ one or two 

algorithms to support learners. These algorithms include called ‗model tracing‘ and 

‗knowledge tracing‘ (Corbett & Anderson, 1995).  With model tracing, cognitive 

tutors determine appropriate hints and/or feedback to provide dependent on student 

actions. At every action, the student response is compared to a set of production rules 
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(i.e., if-then rules that link internal goals or external cues with new goals or actions). If 

the response relates to a rule that represents an incorrect strategy or does not 

correspond to any production rule, then the student receives an error feedback 

message. Otherwise, if the student‘s actions correspond to a production rule, then they 

are marked as correct. In addition to feedback, if the student requests a hint, the tutor 

will provide hints corresponding to relevant production rule(s). The second algorithm 

is called knowledge tracing. Through a Bayesian process, cognitive tutors 

individualize instruction for learners by selecting problems based on a model of the 

students‘ knowledge state which is constantly updated and compared to thresholds 

(Corbett & Anderson, 1995). Once mastery thresholds are met, the student may not be 

required to complete any further problems on that skill.  

By individualizing problem solving instruction to the needs of students, ITS 

have been found to be an effective approach for teaching learners the abilities and 

skills to improve their problem solving. For example, evaluations of AnimalWatch, 

indicated that students improved from pre to post-test after working with the ITS, 

improved more when they had more access to the ITS, and that improvement was 

greatest for students with weakest initial math skills (Beal, et al., 2010). Evaluation 

studies of Wayang Outpost similarly indicated that, after working with the system, 

students improved 20-25% on average on integrated pre- and post-tests of math 

proficiency, and the improvement was greatest for students with the weakest math 

skills (Arroyo, et al., 2004).  Field testing evaluations of Pump Algebra Tutor also 

showed dramatic student achievement gains relative to control classes: 15-25% better 

on standardized tests of basic skills and 50-100% on assessments of problem solving 
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and representation use (Koedinger et al., 1997; Morgan & Ritter 2002; Plano 2004; 

Sarkis 2004). In addition, Geometry Proof Tutor showed large learning gains due to 

the tutor and showed that students who had worked with the ITS achieved 

approximately one standard deviation above those taught by the same teacher who did 

not use the tutor (Anderson et al., 1995) 

Although ITS have many advantages, they also have limitations. For example, 

VanLehn and others noted that one of the biggest limitations of most ITS, as with 

untutored problem solving, is that they tend to focus learner attention on obtaining 

correct solutions (VanLehn et al., 2005; Salden, Aleven, & Renkl, 2008). These 

researchers argue that by doing so, learners often fail to gain conceptual understanding 

of domain principles. Recent research, however, indicates that this ITS limitation may 

be overcome with the integration of worked examples (Schwonke et al, 2007; Salden 

et al, 2010; Salden, Aleven, Schwonke, & Renkl, 2009; Schwonke et al., 2009). More 

specifically, studies have found that by replacing some problems with worked 

examples, student learning was enhanced by reducing instructional time, and that by 

integrating adaptively faded worked examples higher transfer performance was found 

on delayed post-tests (Salden, Aleven, Renkl, & Schwonke, 2009) 

Summary  

Over the past decades, there has been extensive research directed towards 

problem solving and problem solving instruction. This dissertation provides an 

overview of literature including discussions on various theoretical models that: aim to 

explain the cognitive processes that occur while solving problems; offer instructional 

design guidelines that which should be followed when designing instruction; 
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conceptualize the problem solving process into component steps; identify the abilities 

and skills required for successfully solving mathematics word problems; identify 

instructional methods and approaches for teaching problem solving skills; and ITS 

methods which can be used to individualize problem solving instruction.  By 

combining and integrating many of ideas proposed by this literature, the aim of this 

study was to design, develop, and then evaluate an adaptive problem solving tutorial 

which will assist teachers and students in problem solving instruction. 
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 Chapter III 

Research Design 

Introduction 

The overall goal of this study was to examine the design and to compare the 

impact of two tutorial designs on high school students‘ problem solving abilities. Of 

special interest was how the design of worked examples could be adapted to better 

meet the individual needs of students. Combining research based instructional 

strategies proposed by cognitive science, mathematics problem solving education, and 

ITS methods, an adaptive web based tutorial was designed and developed to 

individualize instruction based on student proficiency on the key problem solving 

abilities which research has identified as crucial for solving mathematics word 

problems. Using a mixed methods research design, the system‘s effectiveness was 

evaluated via formative and summative evaluation methods in real world K-12 

mathematics classrooms. 

The two main research questions of this study were: 

1. What are students‘ and teachers‘ perceptions on the problem solving tutorial?  

a. What are students‘ evaluation of the tutorial in terms of ease of learning, 

quality, engagement, and overall rating?  

b. What are the students‘ ratings on the usability of the tutorial in terms of 

visual design, content presentation, feedback, and adaptivity? 

c. What tutorial characteristics did students like most and/or least? 

d. What technical issues are observed and/or reported by students and 

teachers?  
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e. What are teachers‘ perceptions about the effectiveness of the tutorial on 

student learning?  

2.    Is there a difference between a non-adaptive and an adaptively faded worked 

example tutorial design in regard to student learning outcomes (i.e. tutorial completion 

time, perceived cognitive-load, and student achievement on problem solving 

component and whole problem skills)? 

Study Phases 

In order to build an effective and reliable problem solving tutorial, this study 

followed standard instructional design models (Dick, Carey, & Carey, 2005; Morrison, 

Ross, Kalman, & Kemp, 2011) and specifically, the guidelines proposed by Inan and 

Grant (2008).  According to these guidelines, five core instructional design phases 

were followed; analysis, design, development, implementation, and evaluation 

(ADDIE).According to these guidelines, five core instructional design phases were 

followed; analysis, design, development, implementation, and evaluation (ADDIE). 

The analysis phase included the identification of tutorial objectives, instructional 

design guidelines, theoretical models for problem solving processes, instructional 

approaches and methods for teaching problem solving skills, ITS methods for 

individualizing instruction, and appropriate grade level content for the population of 

interest. The design phase included the design of pre-post assessments, tutorial user 

interface, tutorial content, knowledge tracing algorithms for assessing learner 

performance, and subject matter reviews of tutorial content and pre-post assessments. 

The development phase included the development of tutorial content and decision 

making algorithms. The implementation phase included teacher and student tutorial 
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demonstration, followed by application of the tutorial in an authentic learning setting. 

The evaluation phase included both formative assessment of the tutorial as it was 

being developed and a summative assessment on the impact of the tutorial on student 

learning outcomes (Inan & Grant, 2008) (see Table 1).  

Table 1. 

 

Main Phases Involved in the Development of Adaptive Web Based Problem Solving 

Tutorial 

 
Phases Description 

Analysis  Literature review of theoretical models of the problem solving process 

 Identification of tutorial content and objectives  

 Identification of instructional approaches and methods to teach 

problem solving skills 

 Identification of skills required to solve algebraic word problems 

 Identification of adaptive methods to individualize problem solving 

instruction 

Design  Design/selection of data collection instruments (e.g., pre-post 

assessments, usability, tutorial evaluation, etc) 

 Design of the tutorial user interface 

 Design of tutorial content, assessment, and feedback 

 Design of knowledge tracing algorithm 

Development  Development of tutorial content  

 Development of tutorial decision making algorithms 

 Development of the tutorial  

 Confirmation of tutorial accessibility and functionality 

Implementation 

 
 Preparation of teachers on integration of tutorial 

 Preparation of students on properly use tutorial 

 Students use of tutorial in real K-12 classroom setting 

Evaluation   Subject matter expert review of tutorial content and assessment items  

 Classroom observation of tutorial use 

 Teacher interviews 

 Evaluation of student and teacher perceptions of tutorial, tutorial‘ 

usability, and tutorial impact on student learning 

 

Research Design 

This research employed a mixed methods research design. Such design is a 

procedure for collecting, analyzing, and ―mixing‖ both quantitative and qualitative 

research and methods in a single study to better understand research questions 
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(Creswell & Plano-Clark, 2007).  Such combination of qualitative and quantitative 

methods provides independent explanations that are better able to examine the 

research questions of this study (Green, Caracelli, & Graham, 1989; Tashakkori & 

Teddlie, 1998).  

When designing a mixed methods study, there are four major questions that 

need to be answered (Creswell, 2008). These are: which type of data (quantitative 

and/or qualitative) will be given priority, in which order will the data be collected, 

how will the data be analyzed, and where in the study does the researcher plan to 

―mix‖ that data. Dependent on how the researcher answers these questions will 

determine the type of mixed method design employed. For this study, the researchers 

decided to use an embedded mixed method design (Creswell, 2008). This allowed the 

researcher to collect both qualitative and quantitative data simultaneously with one 

form (qualitative) playing a supportive role to the other (quantitative) (Creswell & 

Plano-Clark, 2007). The strength of this design is that it combines the advantages of 

both quantitative and qualitative data (Creswell, 2008).   

Population and Sample 

For this study, the population of interest was U.S. high school students 

enrolled in traditional secondary mathematics courses (e.g. Algebra). The sample for 

this study, including both teachers and students, came from a small rural public school 

district in the southwestern region of the U.S.. During the 2008-2009 school years, 

demographic reports indicate that the majority of students were of Hispanic origin and 

from low socioeconomic status.  
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The participants for this study consisted of 35 high school students who were 

enrolled in high school mathematics courses. Ages ranged from 14 to 17 years with a 

mean age of 15.9 years; 18 (51.4%) were male and 17 were female (48.6%); 23 were 

Hispanic (65.7%) and 12 were White (34.4%); and the majority, 24, were 10th graders 

(68.6%).  Over fifty-seven percent of students reported using a computer over 6 hours 

a day, over 37% reported using the internet over 6 hours a day, and 54% reported 

somewhat high or very high computer skills. For this study, participants were 

randomly divided between two tutorial designs. In addition to students, two high 

school math teachers were involved in this study. One teacher had two years teaching 

experience in high school math and the other had five years of experience. During 

implementation and evaluation phases, both teachers were present in the classroom. 

Tutorial Content and Objectives 

The content for this study included algebraic word problems which high school 

students traditionally encounter in their algebra I and II courses, and problems which 

commonly appear on the mathematics section of the Texas Assessment of Knowledge 

and Skills (TAKS) test and the end-of-course (EOC) assessments. These state 

administered tests are used to measure students‘ academic performance in core high 

school courses and are part of the graduation requirements. The problem set database 

included problems with various difficulty levels for grades 9
th

 - 10
th

 and were aligned 

with the Mathematics Content Standards of Texas (see Appendix A). An example is 

provided below: 

In three more years, Miguel's grandfather will be six times as old as Miguel 

was last year. When Miguel's present age is added to his grandfather's present 

age, the total is 68. How old is each one now? 
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Adaptive Problem Solving Tutorial Design 

Design principles. A comprehensive literature review was conducted on how 

problem solving instruction could be designed in a manner that was mindful of 

learner‘ cognitive load, learner differences in prior knowledge, the problem solving 

process, component skills required for successful problem solving, instructional 

approaches to teach problem solving skills, and methods on how to individualize 

instruction. Based on this literature various principles were used to guide the design of 

the adaptive tutorial. These principles, including a brief description and how each was 

instantiated in the tutorial is provided in Table 2.  

Table 2. 

 Summary of Principle Descriptions and Instantiations in Tutorial 

 

Principle Descriptions Instantiations 

Segmentation Principle: 

People learn more from content that is 

broken down into small manageable chunks 

(van Merriënboer & Kester, 2005). 

In this tutorial, the problem solving 

process was decomposed into four 

components steps aligned with Pólya‘s 

problem solving model. Components 

were further broken into 3-5 substeps. 

 

Component-Fluency Principle: 

Drill and practice on one or more routine 

aspects of a task have positive effects on 

learning and performing the whole task (van 

Merriënboer & Kester, 2005). 

 

As students proceeded through the 

tutorial, they are given part-task practice 

on each of the four component steps 

within the context of solving a whole 

problem. 

 

Sequencing Principle: 

People learn better when the sequence of 

learning tasks begins with simple before 

progressing to more complex (van 

Merriënboer & Kester, 2005). 

 

Both problems and problem solving tasks 

were sequenced in a simple to complex 

manner dependent on student proficiency 

levels.  
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Table 2.Continued 

 

Principle Descriptions Instantiations 

Individualization Principle: 

People learn better when differences between 

learners are taken into account by selecting 

learning tasks in such a way that the task 

difficulty and/or the amount of available 

support are adjusted to the learner (VanLehn, 

2006; van Merriënboer & Kester, 2005). 

In order to individualize instruction, at the 

beginning and during the tutorial, students 

were assessed on skills associated with each 

component. Based on these measurements, 

they were placed into one of three levels: 

novice, intermediate, or expert. Task 

difficulty and support provided depended 

on which of the three levels the student 

were placed.  

 

Training Wheels Principle:  

People learn better when they are provided 

with instructional support until they are able to 

perform tasks independent of support. 

Applying this principle, allows learning task 

difficulty to remain constant while guidance 

and support varies dependent on the learner. 

Learners may start with high guidance and 

guidance decreases as expertise increases. 

Applying this principle will integrate the use 

of the worked example, self-explanation, and 

completion strategy principle (Renkl & 

Atkinson, 2003; van Merriënboer & Kester, 

2005). 
 

Students placed in the: novice level 

received guided (worked example study) 

tasks; intermediate level received self-

explain tasks; and expert level received 

practice tasks for each respective 

component. 

Worked Example Principle: 

During the initial stages of knowledge 

acquisition, people learn more from fully 

worked examples than from problem solving. 

However, as students gain in knowledge, fully 

worked examples should fade into full practice 

(Sweller, 2006, 1988). 

On each respective component step, novice 

level learners were presented with guided 

worked examples wherein problem 

formulations, problem solutions, and 

instructional explanations were provided. 

After they have exhibited higher 

proficiency, they moved up to and received 

higher order tasks (i.e. self-explain and 

solve). 

 

Self-Explanation Principle:  

People learn more from worked examples 

when they are prompted to actively self-

explain solution steps (Crippen & Earl, 

2007; Chi et al., 1989; Neuman & 

Schwarz, 1998; Renkl, 1997; VanLehn, 

1996). 

On each respective component step, 

intermediate level learners were presented 

with self-explain tasks. In these tasks, 

learners were provided with worked steps, 

however, they were prompted to explain the 

―hows‖ and ―whys‖ of the solution. 
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Table 2.Continued 

 

Principle Descriptions Instantiations 

Completion Strategy Principle: 

People learn more when they start with 

worked examples that must be studied, then 

progress to completion tasks where they are 

presented with partial solutions and are 

required to complete the whole solution 

(Renkl, Maier, Atkinson, & Staley, 2002; 

van Merriënboer & de Croock, 1992).  

On each respective component step, expert 

level learners were presented with 

completions tasks in which they were 

prompted to answer questions and to solve 

steps independently.  

Feedback Principle: 

People learn more from explanatory feedback 

for responses, as opposed to corrective 

feedback which only provides correct answers 

(Mayer & Moreno, 2005; Moreno, 2004). 

After completing each problem solving step 

for a problem, learners were provided with 

feedback about the correctness of their 

solutions and explanatory feedback on 

incorrect solutions. 

 

Variability Principle: 

To promote far transfer of skills, several 

diverse examples should be presented. These 

examples may have the same deep structure, 

but should vary in story line and/or surface 

features (Paas & van Merriënboer, 1994; 
van Merriënboer & Kester, 2005). 
 

To promote transfer, problems within the 

tutorial had similar solution structures 

however, storylines and surface features 

were varied. 

Redundancy Principle: 

People learn more from instruction that avoids 

presenting the same information in different 

forms or contains unnecessary explanations 

(Sweller, 2005b; Chandler & Sweller, 1991; 

Kalyuga, 2009). 

Throughout the tutorial, measures were 

taken to reduce redundancy. For example, if 

students provided correct answers to a 

question, they received feedback informing 

them of correctness, however, answer 

explanations were only provided for 

incorrect responses. In addition, measures 

were taken to vary and align learning tasks 

to learner expertise (i.e. as learner expertise 

increased, so did the difficulty of tasks. This 

helped reduce expertise reversal effects.)  

 

Contiguity Principle (Temporal and Spatial): 

People learn more deeply from instruction 

when corresponding content is presented near 

in time (temporal) and in space (spatial) 

(Ayres & Sweller, 2005; Moreno & 

Mayer, 2000). 

Problems, problem components, and 

feedback were provided on the same screen. 

Further, feedback was provided 

immediately after each step.  
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Segmentation principle instantiation. Based on theoretical models of the 

problem solving process, each problem in this tutorial was decomposed into four 

component steps. For this study, the primary problem solving components were based 

on the most widely advocated heuristic plan, Pólya‘s four-step problem solving 

process (Schoenfeld, 1980; Suydam, 1980). Research has found that by breaking a 

problem into manageable and familiar component steps, problem solvers can better 

chunk information into concepts and hierarchies that help facilitate good problem 

solving (Baxter & Glaser, 1997; Paek, 2002; Siegler, 1988). Further, Catrambone 

(1995, 1996) and others (Atkinson & Derry, 2000; Catrambone & Holyoak, 1990) 

found that by incorporating subgoals and by using labels to call attention to those 

subgoals, learners are better able to recognize the overall goal structure of a problem. 

This, in turn, has been shown to help students develop stronger problem schemas and 

yield greater transfer to novel problems (Atkinson et al., 2000; Catrambone & 

Holyoak, 1990). These primary component steps including associated component 

skills, description of skills, and instructional strategies recommended for teaching and 

training students these component skills can be seen in Table 3. 

Component-fluency principle instantiation. As students proceed through the 

tutorial, they were given part-task practice on each of the four components steps 

within the context of solving whole problems. It is suggested that part-task practice 

should begin only after the learner has practiced performing the whole task. This is 

recommended to ensure that the learner performs additional practice within a context 

that is meaningful to the learner (van Merriënboer 1997; van Merriënboer & Kirschner 

2007). Research has found that practicing part tasks has positive effects on learning 
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but only after students are introduced to whole tasks (Carlson, Sullivan, & Schneider, 

1989; Calson, Khoo, & Elliot, 1990).  

Sequencing principle. Both problems and problem solving tasks were 

sequenced in a simple to complex manner dependent on student proficiency levels. 

From the CLT perspective, research has found that instructors can lessen intrinsic load 

by simplifying tasks, omitting some of the interacting elements of the task, and/or 

scaffolding instruction (Pollock, Chandler & Sweller 2002; Van Merriënboer, 

Kirschner, & Kester, 2003). Additionally, many other researchers recommend that 

instruction be sequenced from simple-to-complex and that learners receive more 

support on initial tasks (Van Merriënboer & Kester, 2003; Reigeluth, 1992).   

Table 3. 

 

Problem Solving Component Steps, Component Skills, Description of Skills, and 

Recommended Instructional Strategies  

 

Problem 

Solving 

Component 

Steps 

Component 

Skills 

Description of 

Skills/Subgoals 

Recommended Instructional 

Strategies 

Understanding 

the problem 

Text 

comprehension  
 Understand the 

problem goal 

  Distinguish between 

relevant and irrelevant 

information  

 Understand the deep 

structure of problem 

by identifying 

problem type(s) based 

on the description of 

problem situation  

Provide direct instruction on 

problem comprehension, 

practice recognizing 

problem types, practice 

solving a mixture of 

problem types, and practice 

selecting relevant and 

irrelevant information 

Problem 

categorization 
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Table 3. Continued 

Problem 

Solving 

Component 

Steps 

Component 

Skills 

Description of 

Skills/Subgoals 

Recommended 

Instructional Strategies 

Devising a plan Problem 

representation 
 Define 

variables used 

to represent 

each relevant 

unknown 

 Find equations 

used to model 

the problem 

situation(s) 

 Identify 

method(s) to 

solve the 

system of 

equations 

Provide practice for 

representing 

mathematical 

relationships as 

equations 

 

Carrying out 

the plan 

Solution 

planning and 

execution 

 Find solution 

 Understand 

solution 

Provide practice for 

describing solution 

procedures, study of 

worked examples 

integrated with practice 

on solving the same type 

of problem described in 

the example 

Looking back  Self-evaluation  Verify the 

correctness of 

solution 

procedure and 

calculations  

Provide direct instruction 

on self-evaluation and 

prompts for checking 

solution procedures and 

solutions 

 

Individualization principle instantiation. In order to individualize 

instruction, at the beginning and during the tutorial, students were assessed on the 

abilities/skills associated with each problem solving component steps of Pólya‘s 

problem solving model. Based on these measurements, learners were placed into one 

of three levels of expertise (e.g. novice, intermediate, expert). These three levels of 

expertise were aligned with VanLehn‘s three phases of skill acquisition (1996): early, 
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intermediate, and late. According to VanLehn, during the early phase, learners are 

said to attempt to gain a basic understanding of the domain but do not necessarily 

strive to apply the acquired knowledge. This phase corresponds to the study of 

instructional materials (typically texts) that provide knowledge about principles using 

an example-based format (Renkl & Atkinson, 2003). During the intermediate phase, 

learners are said to turn their attention to learning the ―hows‖ of problems. At this 

phase, learners focus their attention on how abstract principles can be used to solve 

concrete problems. A potential advantage of this phase is that misconceptions, flaws, 

and gaps in the knowledge base are corrected. A highly effective approach to 

implement in this stage is requiring learners to actively self-explain the solutions, that 

is, to provide the rationale of the solutions (Crippen & Earl, 2007; Chi et al., 1989; 

Neuman & Schwarz, 1998; Renkl, 1997; VanLehn, 1996). Finally, learners are said to 

progress into the late stage in which speed and accuracy are heightened by practice. 

During this phase, actual problem solving, as opposed to reflective considerations such 

as self-explanations, is crucial (Kalyuga et al., 2003; Pirolli & Recker, 1994).  

In the adaptive tutorial design, instead of remaining at the same level of skill 

acquisition for the duration of the tutorial, the expertise, or proficiency, levels that 

students were placed into changed dependent on ability estimates which were updated 

by using a well-established Bayesian knowledge-tracing (BKT) algorithm (Corbett & 

Anderson, 1995). With respect to each problem solving component skill, the difficulty 

of the task and the amount of support (in the form of training) that students received 

depended on estimates of students‘ proficiency. As students worked through each 

tutorial problem, the system continued to assess and adapt instruction for them. 
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Assessing learner performance via knowledge tracing. The estimates of 

skill mastery using the BKT algorithm have been shown to accurately predict 

students‘ posttest scores (Corbett & Anderson, 1995; Aleven & Koedinger, 2002; 

Corbett, McLaughlin, & Scarpinatto, 2000). The BKT algorithm is a two state learning 

model, in which rules (or skills) are in either a learned or unlearned state. According to 

the model, each skill has four parameters: the probability that the student knew the 

skill coming in,      ; the probability that the skill will make the transition from an 

unlearned to a learned state as a result of applying it, P(T); and two performance 

parameters, the probability that the student either guesses correctly P(G), or slips on a 

component involving that skill P(S). 

After each opportunity n to apply a skill, the new estimate of ability on that 

skill,     |        , is equal to the sum of the probability that skill was already in 

the learned state based the correctness of that opportunity       |         and the 

probability that the skill was transitioned to the learned state following the opportunity 

to apply that skill           |                (see equation 3 in Figure 1). If the 

action, or opportunity to apply a skill, was correct, then the equation 1 would be used 

in equation 3. Alternatively, if the action was incorrect then equation 2 would be used. 

Using BKT equations, probability estimates for knowing or learning a skill will range 

from 0 to 1, with estimates closer to one indicating higher proficiency. 

      |          
                

        (      )  (         )        
                         

 

      |            
            

             (         )          
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    |                |                   |                                     

Source: From Baker, Corbett, and Aleven, (2000). ―More Accurate Student Modeling Through 

Contextual Estimation of Slip and Guess Probabilities in Bayesian Knowledge Tracing.‖ 

 

Figure 1. Bayesian Knowledge Tracing Algorithm Equations  

 

Using the BKT algorithm, the proposed adaptive tutorial was designed in a 

manner that considered learner individual differences with respect to proficiency on 

component problem solving skills. Unbeknownst to the learner, while working 

through problems his or her input was collected and the design of components on 

subsequent problems was adapted based on the accuracy of that input. With the 

current study, the BKT algorithm was used to estimate student abilities for skills 

associated with each of the four problem solving components. Based on these 

estimates, students were placed into level 1 (novice), if estimates were below 0.75; 

level 2, if estimates were between 0.75 and 0.98 (intermediate); and level 3 if 

estimates were above 0.98 (expert).  In addition, P(T), P(G), and P(S) were set at 

0.125, 0.20, and 0.20, respectively. These estimates were set arbitrarily for this study 

and/or based on previous studies which used the BKT algorithm (Corbett & Anderson, 

1995). 

Initial ability estimates,      , for each problem solving component skill was 

based on student scores on relevant items of the pre-test. If the student answered items 

associated with the component skill correctly,        was set at 0.5. Alternatively, if 

the student responded incorrectly,         was set at 0.5 for that skill. These two initial 

estimates were set in such a manner that all students would begin at level 1 and be 

presented with a worked example.  Students whose initial skill estimate was 0.1 would 

start with two worked examples before moving to level 2, while those with an initial 
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skill estimate at 0.5 would receive one worked example before moving into level 2.  

Using the BKT algorithm, subsequent estimates were calculated based on the accuracy 

of student responses to self-explain solution steps, if they were at level 2, and to solve 

if they were placed in level 3. Unfortunately, because it would be impractical to trace 

and to consider every student action for the estimation of student component abilities, 

specific responses from each component were considered and used by the BKT 

algorithm for this study. The types of learning tasks provided for each level will be 

further discussed in following sections of this dissertation. For the list of component 

skills assessed for each component step see Table 4.  Note that after students complete 

a step at level 1, the system would trigger a correct response. This exception was made 

due to the fact that the system does not gather student input when at level 1.  

Training wheels principle instantiation. As students proceeded through the 

tutorial, the system continued to assess and adapt to their estimated levels of expertise 

on subsequent problem component steps. Students placed in: level 1 (i.e. novice) 

received guided (worked example study) tasks; level 2 (i.e. intermediate) received 

self-explain tasks; and level 3 (i.e. expert) received practice tasks on each respective 

problem component. 

In essence, the system acted as an effective tutor, who after noticing that the 

student needed more support in certain component skills, began to vary learning tasks 

and provide more support on those skills via direct instruction and/or activities that 

aimed to increase germane load. Renkl and Atkinson (2003) acknowledge that with 

complex cognitive skills which involve multiple component skills, learners may be 

entering the late stage of knowledge acquisition in one subcomponent while at the 
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same time operating at the early or intermediate phase of knowledge acquisition on 

other components. Therefore by varying learning tasks and providing students with 

support on component skills until they have demonstrated adequate levels of 

proficiencies, the developed adaptive tutorial aimed to accommodate learners who 

were simultaneously at different stages with respect to each component skill.  

Table 4. 

 BKT Abilities/Skills Assessed by Student Level 

 

Problem 

Solving 

Component 

Steps 

BKT Component Skills Assessed   

Level 1 Level 2 Level 3 

Understanding 

the problem 

After a worked 

step at level 1, the 

system would 

trigger a correct 

response for 

associated 

component skill  

Learner ability to 

accurately identify 

relevant information 

based on the given 

problem situation  

(i.e. Text 

Comprehension/ 

Problem 

Categorization) 

Learner ability to 

accurately identify 

problem type(s) based 

on the problem 

situations 

 (i.e. Text 

Comprehension/ 

Problem 

Categorization) 

Devising a 

plan 

After a worked 

step at level 1, the 

system would 

trigger a correct 

response for 

associated 

component skill 

Learner ability to 

accurately explain 

which relationships 

are represented by 

given equations  

(i.e. Problem 

Representation) 

Learner ability to 

accurately identify 

correct equations to 

model problem 

situations  

(i.e. Problem 

Representation) 

Carrying out 

the plan 

After a worked 

step at level 1, the 

system would 

trigger a correct 

response for 

associated 

component skill 

Learner ability to 

accurately explain 

solution procedures 

and calculations  

(i.e. Solution 

Planning/ 

Execution) 

Learner ability to 

accurately solve the 

system of equations 

(i.e. Solution 

Planning/ Execution) 
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Looking back  After a worked 

step at level 1, the 

system would 

trigger a correct 

response for 

associated 

component skill 

Learner ability to 

accurately explain 

how solutions are 

verified 

 (i.e. Self-

Evaluation) 

Learner ability to 

accurately verify 

solutions (i.e. Self-

Evaluation) 

 

Worked example principle instantiation. For students assessed to be in level 

1, the proposed tutorial provided learners with guided worked examples wherein 

problem formulations, problem solutions, and instructional explanations were given.  

From the CLT perspective, studying worked examples has been suggested to lessen 

the load on working memory while, at the same time, focusing student attention on 

problem states and problem solving operators (i.e. moves) (Sweller, 1988, 1994). 

Further, empirical studies have shown that students who have been engaged in the 

study of worked examples tend to adopt problem solving techniques quicker and have 

improved problem solving performance (Chandler & Sweller, 1991; Cooper & 

Sweller, 1987; Sweller & Cooper, 1985; Tarmizi & Sweller, 1988).  A large body of 

empirical evidence has shown that for well-structured domains such as mathematics, 

worked examples are very effective during the initial stages of expertise development 

but not for later stages (VanLehn, 1996).  

Self- explanation principle instantiation. For students assessed to be in level 

2, the proposed tutorial provided learners with self-explanation tasks. In these tasks, 

learners were provided with worked steps, however, they were prompted to explain 

the ―hows‖ and ―whys‖ of the problem solving step. A large body of research has 

supported the use of self-explanation prompts as an effective learning strategy 
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(Crippen & Earl, 2007; Chi, et al., 1989; Neuman & Schwarz, 1998; Renkl, 1997; 

VanLehn, 1996).   

Completion strategy principle instantiation. For students assessed to be in 

level 3, the adaptive tutorial provided learners with completion, or solving practice, 

tasks wherein learners were prompted with questions and asked to provide solutions 

for problem solving component steps. Several studies have yielded positive effects on 

learning by using completion strategy (Renkl, Maier, Atkinson, & Staley, 2002; van 

Merriënboer & de Croock, 1992).  In addition, Kalyuga and his colleagues concluded 

that while worked examples proved to be an effective means for instructing 

inexperienced novice learners, more experienced learners gained more from problem 

solving practice—an effect which was termed the expertise reversal effect (Kalyuga, 

et al., 2003). Supporters of the expertise reversal effect argue that if the necessary 

schemas for solving a problem are already available, analyzing a redundant worked 

example and integrating it with previously acquired schemas in working memory 

imposes higher cognitive load than problem solving (Kalyuga et al, 2003).  Therefore, 

to prevent cognitive overload in students with sufficient domain knowledge, these 

researchers recommend that for the high knowledge learners, instruction should rely 

more on already developed schemas for guidance, rather than instructional guidance in 

the form of worked examples (Kalyuga et al, 2003). 

Feedback principle instantiation. After completing each component problem 

solving step, learners were provided with immediate feedback on the correctness of 

their solutions and explanatory feedback when solutions were incorrect.  Research has 

found that, especially for low-prior knowledge students, explanatory feedback during 
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the process of knowledge construction is far better than corrective feedback alone. 

Learner provided with explanatory feedback tended to achieve better retention and 

transfer scores, and rate the difficulty and helpfulness of the instructional program 

more favorably (Moreno, 2004).  Moreno and Mayer (2005) reported found that 

explanatory feedback resulted in much better learning than corrective feedback with 

an effect size of 1.87. 

Variability principle instantiation. To promote transfer to novel situations, 

problems in the tutorial were designed to have similar solution structures however, 

storylines and surface features were intentionally varied. Research has found that 

problem variability can be effective, if steps are taken to minimize cognitive load and 

worked examples are used (Paas & van Merriënboer, 1994). In studies of expert and 

novice problem solvers, research has shown that experts tend to classify problems 

based on deep structures and problem features, while novices classify problems based 

on surface features such as story content (Chi, Feltovich, Glaser, 1981; Sweller, 1988; 

Hegarty, Mayer, & Monk, 1995). In addition, several studies have found that higher 

variability across learning tasks yields better transfer to novel problems (e.g. Paas & 

Merriënboer, 1994; Quilici & Mayer, 1996).  

Redundancy principle instantiation. Throughout the tutorial, measures were 

taken to reduce redundancy. For example, if students provided correct answers to a 

question, they received corrective feedback, while explanatory feedback was provided 

for incorrect responses. From the CLT perspective, it has been argued that presenting 

the same information in different forms increases extraneous load that interferes with 

learning.  Kalyuga (2009) argues that redundancy situations, inadvertently, consume 
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working memory resources by requiring learners to mentally co-refer different 

representations of the same information. 

Contiguity principle instantiation. Throughout the tutorial, problems, 

components, and feedback were provided on the same user interface screen. Further, 

feedback was provided immediately after the completion of each step, instead of at the 

end of the problem. Research has found that by separating related instructional 

information by space and/or time learners‘ attention becomes split, which interferes 

with learning. Studies have shown that by splitting learners‘ attention, extraneous 

cognitive load is increased by requiring learners to hold information in working 

memory while simultaneously performing extensive information search and match 

processes. 

Research and Evaluation Plan 

Research Question #1: 

What are students’ and teachers’ perceptions on the problem solving tutorial?  

To answer research question #1, various formative evaluation assessments 

were performed. Formative evaluation, an iterative process of collecting data and 

information (during product development) to improve the effectiveness of an 

instructional product/system, is an essential component in the product 

design/development process (Dick, Carey, & Carey, 2005; Dick & King, 1994; Flagg, 

1990; Laurillard, 1994; Patterson & Bloch, 1987; Skelton, 1992). Formative 

evaluation plays a decisive role in many systematic design models because it serves as 

a method for quality control while concurrently focusing on cost-effective 

improvement throughout the product-development cycle -- rather than only at the end, 
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as with summative evaluation (Dick, Carey, & Carey, 2005; Dick & King, 1994; 

Tessmer, 1994; Thiagarajan, 1991). Research has shown that the benefits of using 

such iterative process include: less risk for project failure, better productivity, lower 

defect rates, early rather than late mitigation of high risks (e.g. technical, requirements, 

objectives, usability) and learning from the iterative process--which can be used to 

improve future design/development endeavors (Larman, 2005). An integral 

component of formative evaluation includes assessment of the product or system 

usability (Preece et al, 1994). By assessing usability, researchers are better able to 

identify problematic areas, and to extract pertinent information from the user which 

can be used to discover difficulties, weaknesses, and areas for product/system 

improvement (Lee, 1999). Because adaptive system design and development is a time 

consuming endeavor, formative evaluation of such systems is very important and 

should be common practice (Brusilovsky, 2001; Gena, 2005). 

Through formative evaluation, feedback from the target users of a system can 

be used to improve the design and effectiveness of a system. Furthermore, formative 

evaluation allows researchers to assess whether their system meets its intended goals 

and objectives; and to identify strengths and weaknesses in terms of usability. For this 

study, formative evaluation included student and teacher review of tutorial and 

classroom observation during implementation.  

Research Question #2:  

Is there a difference between a non-adaptive and an adaptively faded worked example 

tutorial design in regard to student learning outcomes (i.e. tutorial completion time, 
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perceived cognitive-load, and student achievement on problem solving component and 

whole problem skills)? 

In order to evaluate the problem solving tutorial, two tutorial designs were 

compared in terms of their impact on student learning outcomes. The first design, 

adaptively faded component steps for students dependent on estimates of their 

knowledge on component problem solving skills (see Table 5). The second design 

consisted of fully worked examples for each problem step, irrespective of student‘ 

knowledge levels (see Table 6).  These two tutorial designs were compared to each 

other in terms of how each impacted tutorial completion time, student perceived 

cognitive-load, and student achievement on problem solving component and whole 

problem skills. For this study, participants were randomly distributed between the two 

designs. 

Table 5. 

Adaptively Faded Worked Example Tutorial Design 

 

 Problem 

1 

Problem 

2 

Problem 

3 

Problem 

4 

Problem 

5 

Problem 

6 

Problem 

7 

Problem 

8 

Step 1 W W, E,  

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

Step 2 W W, E, 

 or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

Step 3 W W, E, 

 or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

Step 4 W W, E, 

 or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

W, E, 

or S 

Note: W signifies worked steps provided, E signifies prompts for explanations, and S signifies prompts 

for solution completion 
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Table 6. 

Non-adaptive Worked Example Tutorial Design 

 

 Problem 

1 

Problem 

2 

Problem 

3 

Problem 

4 

Problem 

5 

Problem 

6 

Problem 

7 

Problem 

8 

Step 1 W W W W W W W W 

Step 2 W W W W W W W W 

Step 3 W W W W W W W W 

Step 4 W W W W W W W W 

Note: W signifies worked steps provided, E signifies prompts for explanations, and S signifies 

prompts for solution completion 

 

Data Collection Instruments 

Data was obtained through questionnaires, surveys, observations, student logs, 

and performance tests. Data was collected before, during, and after the tutorial was 

implemented inside a real K-12 classroom setting. These data collection instruments 

grouped by when they were administered are described below:  

Pre tutorial instruments. 

 Pre-Knowledge Test: This eight item instrument was used to measure student 

problem solving abilities including the ability to solve whole word problems 

similar to those presented in the tutorial and component problem solving abilities 

(i.e. text comprehension, problem categorization, problem representation, planning 

the solution, and self-evaluation). The first three items asked students to solve 

whole word problems and were used to create a whole problem solving skill, 

wPSS, score for students. The last five items asked students to solve problems 

associated with each of the five problem solving components skills and were used 

to create a component problem solving skill, cPSS, score for students (see 

Appendix B).  
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 Demographics Survey:  This survey was used to collect student characteristics 

including gender, age, grade, race/ethnicity, average amount of computer and 

internet use per day, and overall rating of computer skills (see Appendix F). 

During tutorial instruments. 

 Enroute Knowledge Tests: This assessment was used to measure student 

knowledge on the five component problem solving skills within the context of 

solving whole problems as students studied from the tutorial.  

 Measures of Mental Effort Scale: A commonly used subjective measure of mental 

effort  was used to measure the amount of cognitive resources that participants‘ 

perceived that they invested while interacting with the tutorial (Paas & van 

Merriënboer, 1994; Paas, van Merriënboer, & Adam, 1994; Paas et al., 2003a).  

This scale consists of a 9- point Likert scale, ranging from very, very low mental 

effort to very, very high mental effort. Immediately following the completion of 

the problem solving tutorial, students were asked to rate the following question, 

‗‗Please indicate how much mental effort you invested on solving the word 

problems.‘‘ This subjective measurement scale has been used to calculate 

instructional efficiency scores in many studies investigating cognitive load theory 

(e.g., Kalyuga & Sweller, 2005; Tuovinen & Paas, 2004). Paas and Van 

Merriënboer (1994) evaluated the scale as a highly reliable and sensitive 

instrument for the assessment of cognitive load (α=.82).  

 Student logs: Computer logs recorded and stored student user IDs, student‘ tutorial 

conditions, tutorial completion time, student‘ answers to prompts, and estimates of 

student knowledge on component skills. Using data from student logs, tutorial 
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completion time was calculated by taking the difference between the time that 

students began problem one and the time at which students completed the last step 

of the last problem of the tutorial. 

 Observation Form: This form was used to help the researchers take notes during 

classroom observation during implementation. Researchers documented any 

technical difficulties observed and/or reported by students and teachers (see 

Appendix G).  

Post tutorial instruments. 

 Tutorial Evaluation Survey: This survey consisting of fifteen 5-point likert scale 

(1=Strongly Disagree to 5=Strongly Agree) items was used to assess students‘ 

ratings of the adaptive tutorial in terms of ease of learning, quality, and 

engagement. Items from this survey were taken and/or adapted from the Learning 

Object Evaluation Scale for Students (LOES-S) (Kay & Knaack, 2009). The 

LOES-S consists of three subscales: learning (items 1-5), quality (items 6-10), and 

engagement (items 11-15). Reliability and validity evaluations of the LOES-S 

have yielded good reliability (0.78 to 0.89), face validity, construct validity, 

convergent validity, and predictive validity (Kay & Knaack, 2009).  In addition, 

students were asked to give an overall rating of the tutorial (1 =Poor to 5 

=Excellent) (see Appendix C).Usability Survey: This survey consisting of twenty-

five 5-point Likert scale (1=Strongly Disagree to 5=Strongly Agree) items was 

used to obtain student‘ ratings on the usability of the tutorial in terms of visual 

design, content presentation, feedback, and adaptivity. Visual design (items 1-6) 

referred to the organization, navigation, readability, and screen designs. Content 
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presentation (items 7-12) referred to how content was presented and its 

understandability. Feedback (items 13-18) referred to the quality of feedback and 

support provided. Adaptivity (items 19-25) referred to how well the tutorial was 

designed to individualize instruction. The Usability Survey were adapted from the 

Pedagogically Meaningful Learning Questionnaire (PMLQ) developed and 

validated by Nokelainen (2006) and from extensive literature reviews of several 

usability evaluation methods by Bernérus and Zhang (2010) and Hadjerrouit 

(2010) (see Appendix E). Reliability estimates for these subscales ranged from 

0.84 to 0.88. 

  Student Questionnaire: This questionnaire consisted of two open-ended questions 

which asked students what they liked most and least about the tutorial (see 

Appendix D). 

 Post Knowledge Test: This eight item instrument was used to measure student 

problem solving abilities including the ability to solve whole word problems 

similar to those presented in the tutorial and component problem solving abilities 

(i.e. text comprehension, problem categorization, problem representation, planning 

the solution, and self-evaluation). The first three items asked students to solve 

whole word problems and were used to create a whole problem solving skill, 

wPSS, score for students. The last five items asked students to solve problems 

associated with each of the five problem solving components skills and were used 

to create a component problem solving skill, cPSS, score for students (see 

Appendix B). 



Texas Tech University, Raymond Flores, August 2011 

 

72 

 

Procedure 

The implementation of this study was broken up into three parts. In part one, 

students logged into the tutorial using a non-descriptive four digit identifier, or user 

ID, which their teacher had provided then on the previous day (see Appendix I: Figure 

2). Immediately after login, students were taken to a status page which would tell them 

their current progress within the module of the problem solving tutorial. By clicking, 

‗next‘ they would be taken directly to where they left off (see Appendix I: Figure 3). 

In part one, students filled out the Pre Knowledge Test and Demographics Survey. In 

addition to the pre-tutorial instruments, students received a short demonstration of 

what the problem solving tutorial looked like. This demonstration included: a proctor 

narrated description of how problems were structured (i.e. decomposed into four 

component steps); how to navigate through each substep, component step, and 

problem; where to find instructor‘ provided guidance; where answers would be 

displayed; when and where feedback/tips would be given; and descriptions of the three 

types of learning activities that students may be asked to perform (i.e. study worked 

steps, explain solution steps, and/or solve steps). After the demonstration, students 

were given a 5 minute break before proceeding to the next section. 

In part two, students interacted with the problem solving tutorial. When 

beginning a problem they would be presented with the problem text in the top panel 

and four collapsible panels for each of the four problem solving steps (See Appendix 

I: Figure 4). Upon clicking on them, the panels would open and close. After clicking 

to open a collapsible panel, the left hand side of the opened panel would display 2 or 

more subgoals for that step. As students worked through the substeps, the answers to 



Texas Tech University, Raymond Flores, August 2011 

 

73 

 

the subgoals would be displayed in the left hand side of the opened panel. On the right 

hand side, students would be provided with guidance on how to solve each step and 

subgoal, and/or prompts for input from the students (See Appendix I: Figure 5). After 

completing a step, students would be asked whether they were ready to obtain or seek 

feedback from the teachers on the correctness of their answers (See Appendix I: 

Figure 6). As students worked through steps and problems, the designs of problems 

differed dependent on the condition which students were randomly assigned to. As 

students worked through the tutorial, the system collected and stored student data (i.e. 

interactions, responses, and completion times) in database tables on the server (i.e. 

Student logs). In addition, while students interacted with the tutorial, researchers used 

the Observation Form to take notes of technical issues.  

In part three, immediately after students completed the tutorial, they were 

asked to fill out the Measures of Mental Effort Scale, Usability Survey, Tutorial 

Evaluation Survey, Student Questionnaire, and Post Knowledge Test. On the 

following day, teachers were interviewed using the Teacher Interview Form and 

responses were transcribed.  

Data Analyses 

The data obtained for this study was analyzed by using: frequencies, 

percentages, means and standard deviations; t-tests, and ANCOVAs. Descriptive 

statistics were used to examine demographics information on the sample. These 

statistics were used to describe the sample in terms of age, grade, gender, average 

daily use of computers and internet, and overall ratings of computer skills.  
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To answer research question 1, quantitative data from the Tutorial Evaluation 

Survey and Usability Survey were analyzed using descriptive statistics. In addition, 

qualitative data obtained from the Student Questionnaire, teacher interviews, and class 

observations were analyzed for themes (see Table 6). Results from qualitative analyses 

were then used to complement those results obtained from the analyses of quantitative 

data. This process of analysis went through iterative cycles of data examination, 

exploration of similarities and differences among the participants (Miles & Huberman, 

1984; Merriam, 1998).   

To answer research question 2, student learning outcome data was subjected to 

numerous t-test and analyses of covariance (ANCOVA). The first two independent 

sample t-tests used condition (i.e. adaptive and non-adaptive) as a between-subjects 

factor, and perceived mental effort and tutorial as dependent variables. Next, two 

ANCOVAs were conducted. The first ANCOVA used condition as a between-subjects 

factor, pre-wPSS score as a covariate, and post-wPSS score as a dependent variable. 

Pre-wPSS  score and post-wPSS  score, in this study, are defined as a student‘s ability 

to solve whole problems. The second ANCOVA used condition as a between-subjects 

factor, pre-cPSS score as a covariate, and post-cPSS score as a dependent variable. 

Pre-cPSS score and post-cPSS score, in this study, are defined as a student‘s ability on 

the five component skills (i.e. text comprehension, problem categorization, problem 

representation, solution planning/execution, self-evaluation). See Table 7 for a 

detailed list of research questions, data sources, variables, and the types of data 

analyses that were conducted. 
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Table 7. 

 

Summary of Research Questions, Data Sources, Variables, and Data Analyses 

 

 

 

Research Question Instruments Variables Data 

Analyses 

1.  What are students‘ and 

teachers‘ perceptions on the 

problem solving tutorial?  

Tutorial 

Evaluation 

Survey  

 Ease of learning 

 Tutorial quality 

 Tutorial engagement 

 Student overall rating 

of tutorial 

Descriptive 

statistics 

a) What are students‘ 

evaluation of the tutorial 

in terms of ease of 

learning, quality, 

engagement, and overall 

rating?  

b) What are the 

students‘ ratings on the 

usability of the tutorial 

in terms of visual 

design, content 

presentation feedback, 

and adaptivity?  

 

 

Usability 

Survey 
 Visual design,  

 Content presentation,  

 Feedback, and  

 Adaptivity 

Descriptive 

statistics 

c) What are the tutorial 

characteristics that 

students like most and/or 

least? 

 

Student 

Questionnaire 
 What students liked 

most? Least? 

 

Theme 

analyses 

d) What are the 

technical issues 

observed and/or reported 

by students and 

teachers?  

 

Observation 

Form 
 Technical difficulties 

observed during 

observation   

 

 

 

Theme 

analyses 

e) What are teachers‘ 

perceptions about the 

effectiveness of the 

tutorial on student 

learning?  

 

Teacher 

Interview 

Form 

 Perceived 

usefulness/effectiven

ess of tutorial 

 Tutorial components 

most liked/least liked 

 Tutorial components 

which could be 

improved 

Theme 

analyses 
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Table 7. Continued 

 

 

Research Question Instruments Variables Data 

Analyses 

2. Is there a difference 

between a non-adaptive and 

an adaptively faded worked 

example tutorial design in 

regard to student learning 

outcomes (i.e. tutorial 

completion time, perceived 

cognitive-load, and student 

achievement on problem 

solving component-skills 

and whole-problem skills)? 

Pre-Post 

Knowledge 

Tests 

 

 Pre/Post wPSS score 

 Pre/Post cPSS scores  

(i.e. text comprehension, 

problem categorization, 

problem representation, 

planning solution, and 

self -evaluation) 

ANCOVA 

Student logs  

 
 Tutorial condition 

 Tutorial completion 

time  

 Student responses to 

prompts per problem 

 Student estimates of 

knowledge on 

component skills 

 

Independent  

 t-test 

Measures of 

Mental 

Effort Scale 

 

 Student perceptions of 

mental effort assessed 

immediately after 

students completed the 

tutorial 

 

Independent  

 t-test 
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Chapter IV 

Results 

This chapter presents the results from the data analyses and addresses the 

research questions of the study. Using a combination of quantitative and qualitative 

analysis two main research questions were investigated.  The first sought to examine 

student and teacher perceptions about the problem solving tutorial; and the second 

examined learning outcome differences between a worked example design and an 

adaptively faded worked example design. In the latter question, student achievement 

on component problem solving skills (cPSS), whole problem solving skills (wPSS), 

tutorial completion time, and perceived cognitive-load. All analyses were completed 

using PASW 18 for Windows and all statistical analyses used the alpha value of .05. 

Research Question #1 

What are students’ and teachers’ perceptions of the problem solving tutorial? 

To answer research question #1, various formative evaluation assessments 

were used. Data were collected by using a: Tutorial Evaluation Survey, Usability 

Survey, Student Questionnaire, Observation Form, and a Teacher 

Interview/Questionnaire. 

Tutorial evaluation. On the Tutorial Evaluation Survey, students were asked 

to evaluate the problem solving tutorial in terms of ease of learning, quality, and 

engagement. For each of these subscales, students rated items on a scale of 1 to 5 (1= 

‗Strongly Disagree‘ through 5 = ‗Strongly Agree‘). In addition, as an overall rating, 

the last item of the Tutorial Evaluation Survey asked students to rate the tutorial on a 

scale of 1 to 5 (1= ‗Poor‘ through 5 = ‗Excellent‘). Table 8 displays descriptive 
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statistics on student evaluations of the tutorial. Results indicated that overall students 

felt that tutorial was easy to learn from (M=3.96, SD=0.68), and were pleased with its 

quality (M=4.02, SD=0.69) and engagement (M=3.57, SD=0.80). Overall ratings 

from students were relatively high (M=4.11, SD=0.80) on a five-point likert scale.  

Independent samples t tests revealed no significant differences between the two 

tutorial designs on all subscales, p>0.05.  

Table 8. 

 

 Tutorial Evaluation Results 

 

 
Total 

(N=35) 

Adaptive 

(n=16) 

Non-

Adaptive 

(n=19) 

 

 

 M(SD) M(SD) M(SD) t(33) p 

Ease of learning 3.96(0.68) 3.85(0.71) 4.05(0.65) -0.88 0.38 

Tutorial Quality 4.02(0.69) 3.96(0.82) 4.06(0.69) -0.43 0.67 

Tutorial Engagement 3.57(0.80) 3.59(0.77) 3.55(0.85) 0.15 0.89 

Overall rating 4.11(0.80) 4.13(0.81) 4.11(0.81) 0.07 0.94 

 

 

Usability. On the Usability Survey, students were asked to rate the problem 

solving tutorial in terms of its visual design, content presentation, feedback and 

adaptivity. For each of these subscales, students were asked to rate items on a scale of 

1 to 5 (1= ‗Strongly Disagree‘ through 5 = ‗Strongly Agree‘). See Table 9 for the 

descriptive statistics on student responses to the Usability Survey. Results indicated 

that students were overall pleased with the visual design and the organization of the 

tutorial (M=4.10, SD=0.53); how content was presented (M=3.95, SD=0.60); the 

feedback and support provided (M=4.10, SD=0.56); and the adaptivity of the tutorial 
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(M=4.38, SD=0.72). As with the tutorial evaluation subscales, independent samples t 

tests revealed no significant differences between treatment groups, p>0.05.  

Table 9. 

Tutorial Usability Results (N=35) 

 

 
Total 

(N=35) 

Adaptive 

(n=16) 

Non-

Adaptive 

(n=19) 

 

 

 M(SD) M(SD) M(SD) t(33) p 

Visual Design 4.10(0.53) 4.13(0.58) 4.07(0.50) 0.30 0.77 

Content 

presentation 
3.95(0.60) 3.99(0.59) 3.92(0.63) 0.33 0.74 

Feedback 4.10(0.56) 4.03(0.57) 4.17(0.56) -0.71 0.48 

Adaptivity 4.38(0.72) 4.39(0.82) 4.37(0.63) 0.07 0.95 

 

 
 

Observation form. During implementation, students were observed while they 

studied the tutorial in a classroom setting. Technical issues were minimal. These 

included one instance of loss of internet connection and isolated database connection 

error messages due to server configurations. 

Student questionnaire. In addition to the Tutorial Evaluation and the 

Usability surveys, students were asked to respond freely about what they liked most, 

least, and how the tutorial could be improved to better meet the needs of students. A 

summary of student responses can be found in Table 10.  
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Table 10.  

 

Student Questionnaire Results (N=35) 

 

 Most Liked Least Liked Suggested Improvements 

Visual 

Design/ 

Organization 

 Step by step 

structure  

(Students with 

low pretest 

scores, or 

below the 

average) 

 Easy to follow 

instructions 

 No animations or 

graphics included 

 Colors not 

appealing 

 Too many 

substeps became 

annoying 

(Students with 

high pretest 

scores, or above 

the average) 

 Add animations and 

graphics 

 Decrease the number of 

substeps 

Content 

Presentation 
 Taught a new 

way of 

approaching 

algebra word 

problems 

 Too much 

reading required 

 Lessen the amount of 

reading 

Feedback/ 

Support 
 Immediate 

feedback after 

each step  

 Explanations 

for incorrect 

answers and 

positive 

reinforcement 

for correct 

answers 

 None  None 

Adaptivity/ 

Applicability 

 

 Step by step 

guidance 

(Students with 

low pretest 

scores) 

 Took too long to 

get through each 

problem 

(Students with 

high pretest 

scores) 

 Too many 

substeps or 

guidance 

provided 

(Students with 

high pretest 

scores) 

 Decrease the number of 

substeps (Students with 

high pretest scores) 

 Decrease the amount of 

guidance (Students with 

high pretest scores) 
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Teacher Interviews. In addition to students, two classroom teachers who were 

also in the classroom during implementation were also asked questions similar to 

those posed to students. Teachers were asked for their opinions of how effective they 

thought the tutorial was, or could be, what they liked most/least, and how tutorial 

components could be improved. The results from the teacher interviews are given in 

Table 11. 

Table 11. 

 

Teacher Interview Questionnaire Results (N=2) 

 

Effectiveness/Usefulness Most Liked Least Liked 
Suggested 

Improvements 

 Useful, since it broke 

problem solving 

process into steps and 

substeps 

 

 Especially effective 

for students who need 

guidance on how to 

make a plan to solve a 

problem 

 Liked how 

tutorial used test 

scores to 

individualize 

instruction 

 

 Like that students 

were required to 

check their 

solution 

 

  Liked the 

immediate 

feedback 

provided to 

students 

 Too much 

wording, or 

reading required 

 Lessen the amount 

of reading required  

 

 Clarify step 4 

further, a few 

students were 

having difficulty 

understanding what 

was required when 

asked to check their 

answers 

 

Research Question #2 

Is there a difference between a non-adaptive and an adaptively faded worked example 

tutorial design in regard to learning outcomes (i.e. tutorial completion time, perceived 
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cognitive-load, and student achievement on problem solving component and whole 

problem skills)? 

The second goal of this study was to assess and compare two treatment designs 

in regard their impact on learning outcomes. In the first design, students were 

presented with an adaptively faded worked example design in which learning tasks 

and support varied dependent on student performance; and in the second design 

students were presented with fully worked examples for all component steps. The 

learning outcomes investigated in this study included: tutorial completion time, 

perceived cognitive load, and student achievement. 

Tutorial completion time. As students progressed through each of the two 

treatment conditions, their completion time was tracked using data logs. Tutorial 

completion time was calculated by taking the difference between the time that students 

began problem one and the time at which students completed the last step of the last 

problem of the tutorial (see Table 12 for means and standard deviations for completion 

time). Results from an independent samples t-test indicate a significant difference in 

completion time for the adaptive worked example (M=49.77, SD=7.88) and worked 

example (M=37.04, SD=18.08) conditions; t(33)=2.61, p =0.01.  

Table 12. 

Tutorial Completion Time (N=35) 

 

 

Total (N=35) 
Adaptive 

(n=16) 

Non-

Adaptive 

(n=19) 

 

 

 M(SD) M(SD) M(SD) t(33) p 

Completion Time 

(in minutes) 
42.86(15.55) 49.77(7.88) 37.04(18.08) 2.61 0.01* 

 



Texas Tech University, Raymond Flores, August 2011 

 

83 

 

 

 

Perceived cognitive load. Immediately following the completion of the 

tutorial, students were asked to rate how much mental effort they invested on solving 

the word problems (see Table 13 for means and standard deviations by treatment 

conditions). An independent-samples t-test was conducted to compare Mental Effort 

ratings from students in the adaptively faded worked example and the worked example 

treatment conditions. Results indicated no significant differences in mental effort 

ratings for the adaptive worked example (M=6.69, SD=1.54) and worked example 

(M=6.47, SD=1.47) conditions; t(33)=0.420, p =0.68.  

Table 13. 

 

Perceived Cognitive Load  

 

 
Total 

(N=35) 

Adaptive 

(n=16) 

Non-

Adaptive 

(n=19) 

 

 

 M(SD) M(SD) M(SD) t(33) p 

Mental Effort 6.57(1.48) 6.69(1.54) 6.47(1.47) 0.42 0.68 

Rating: 1=extremely low through 9 =extremely high 

 

Student achievement. After studying from the tutorial, students were assessed 

in regard to component problem solving skills and on their ability to solve whole 

problems.  A summary of these results can be found in Table 14. 

To examine student learning outcomes after studying the tutorial, two analyses 

of covariance (ANCOVA) were conducted. The first ANCOVA used treatment 

condition (i.e. adaptive versus non-adaptive worked example design) as a between-

subjects factor; post-cPSS scores, as a dependent measure; and pre-cPSS score as a 

covariate. Prelimary results indicated pre-cPSS scores to be a good covariate p<0.05. 



Texas Tech University, Raymond Flores, August 2011 

 

84 

 

Results indicated that although students from the adaptive group performed higher on 

post-cPSS, results from the first ANCOVA revealed that these differences in problem 

solving component skill scores were non-significant, p=0.91. A summary of 

ANCOVA results can be seen in Table 15.  

Table 14. 

 

 Post Component Problem Solving Skills (cPSS) and Whole Problem Solving Skills 

(wPSS) 

 

 Total (N=35) Adaptive (n=16) 
Non-Adaptive 

(n=19) 

 M(SD) M(SD) M(SD) 

post-cPSS 3.43(1.20) 3.69(1.35) 3.21(1.03) 

post-wPSS 1.43(1.09) 1.44(1.15) 1.42(1.07) 

 

Table 15. 

ANCOVA Component-Problem Solving Skills (cPSS) 

 

Source SS df MS F p 

pre-cPSS 5.58 1 5.58 4.23 0.05* 

Condition 0.02 1 0.02 0.01 0.91 

condition*pre-cPSS  0.02 1 0.02 0.01 0.92 

Error 40.98 31 1.32   

Total 460.00 35    

 

 

The second ANCOVA used treatment condition as a between-subjects factor; 

pre-wPSS scores, as a dependent measure; and post-wPSS score as a covariate. 

Similarly, results from the second ANCOVA revealed no significant differences in 

wPSS scores, p=0.29. A summary of ANCOVA results can be seen in Table 16. 
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Table 16. 

 

ANCOVA Whole Problem Solving Skills (wPSS) 

 

Source SS df MS F p 

pre-wPSS 0.63 1 0.63 0.59 0.45 

Condition 1.24 1 1.24 1.16 0.29 

condition*pre-

wPSS  
1.92 1 1.92 1.81 0.19 

Error 33.02 31 1.07   

Total 112.00 35    

 

Summary of Results 

The two major goals of this study were to examine student‘ and teacher‘ 

perceptions about a problem solving tutorial and to compare the impact on learning 

outcomes between an adaptive and non-adaptive tutorial design. The summaries of 

key findings are presented below: 

 Overall students were pleased with the tutorial in terms of ease of learning, quality, 

engagement, overall rating, visual design, content presentation, feedback, and 

adaptivity. 

 Students who scored low on the pretest liked the step-by-step structure and 

guidance provided by the tutorial, while students who scored high felt that the 

step-by-step structure was ‗too long.‘ Many students felt that problem steps were 

‗too wordy‘ and that too much reading was required. 

 Students liked the immediate feedback that was provided to them at the end of 

each step.  
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 Teachers felt that the tutorial could be very effective for students who have 

difficulty with coming up with a plan to solve algebra word problems, liked that 

instruction was individualized based on student proficiency levels, and liked that 

the tutorial required students to check their answers and procedures.  

 The adaptive tutorial design took longer for students to complete when compared 

to the non-adaptive tutorial design.  

 There were no significant differences between the adaptive and non-adaptive 

tutorial design in regard to perceived cognitive load and student achievement (i.e. 

problem solving component skills and whole-problem skills).  
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Chapter V 

Discussion 

Introduction 

The overall goal of this study was to examine the design and to compare the 

impact of two tutorial designs on high school students‘ problem solving abilities. 

Using a mixed methods research design, the system‘s effectiveness was evaluated via 

formative and summative evaluation methods in real world K-12 mathematics 

classrooms.  In this chapter, the results are discussed and related back to the literature. 

The two main research questions of this study were: 

1. What are students‘ and teachers‘ perceptions of the problem solving tutorial?  

2. Is there a difference between a non-adaptive and an adaptively faded worked 

example tutorial design in regard to student learning outcomes (i.e. tutorial 

completion time, perceived cognitive-load, and student achievement on 

problem solving component-skills and whole-problem skills)? 

Perceptions on the Design of the Problem Solving Tutorial 

Results found that overall students were pleased with the tutorial in terms of 

ease of learning, quality, engagement, and overall rating. Further, results indicated that 

students were pleased with the visual design, content presentation, feedback, and 

adaptivity. Of the features most liked, overall students reported that they liked the 

step-by-step structure of the problems.    Further examination found that the direct 

guidance provide by the step-by-step structure was not equally liked by all students. 

Results found that students who scored low on pretest assessments tended to like the 

step-by-step guidance and structure, while those who scored high did not. Students at 
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more advanced levels felt that the step-by-step structure was ―too long‖ and found the 

structure ―frustrating.‖ This result was consistent with the literature on the expertise 

reversal effect which finds that often instructional designs which are effective for 

novice learners may not be equally effective for advanced learners (Kalyuga, Ayres, 

Chandler, & Sweller, 2003). Moreover, previous research has found that while using a 

part-task strategy is effective in lowering cognitive load students for all students, 

students with low prior knowledge seem to have benefited the most. In contrast, 

students with higher prior knowledge were found to have learned significantly more 

by studying whole tasks (Ayres, 2006). For more advanced learners, research 

recommends that instruction rely more on developed schemas for guidance, rather 

than provide instructional guidance (Kalyuga et al, 2003). By requiring students, who 

can solve whole problems, to go step-by-step to solve a problem, the current design 

may have, inadvertently, imposed extraneous cognitive load on advanced learners by 

making them unnecessarily process extra information (Kalyuga, Ayres, Chandler, & 

Sweller, 2003; Kalyuga, 2009).  

Additional sources of extraneous load may have come from the number of 

substeps and the single mode text-based nature of the instruction. Both students and 

teachers reported that they felt that many tutorial problem steps were ‗too wordy‘ and 

that too much reading was required. By requiring students to process extensive text-

based information, unnecessary cognitive load may have been imposed on them. This 

may partly explain the high self-reports of mental effort from students. In the future, 

the researcher plans to instantiate the modality principle, in which on screen text-based 

instruction will be replaced with audio (Mayer, 2001; Ginns, 2005; Tindall-Ford, 



Texas Tech University, Raymond Flores, August 2011 

 

89 

 

Chandler, & Sweller, 1997). Research has shown that by presenting text as audio, 

student cognitive load can be reduced. Research has also shown that if used correctly 

multimedia can enhance learning (Mayer, 2001), while at the same time increasing 

student motivation. 

In regard to feedback, students reported that they liked that feedback was 

provided immediately at the end of each step. Aligned with the contiguity principle, 

feedback for each step was provided near in time (at the end of each step) and space 

(in close proximity to the completed step) (Mayer, 2005). Moreno (2004) found that 

when students were provided with explanatory feedback, they were more likely to rate 

the difficulty and helpfulness of the instructional program more favorably.   

In addition to students, teachers also had favorable perceptions of the problem 

solving tutorial. Teachers felt that the tutorial could be very effective for students who 

have difficulty with developing a plan on how to solve algebra word problems, liked 

that the tutorial individualized instruction, and that the tutorial required students to 

check their answers and procedures. Consistent with the literature, teachers stated that 

many students have difficulties with coming up with a solution plan (Harskamp & 

Suhre, 2006) and that many students do not commonly do not check their procedures 

and solutions (Schoenfeld, 1992; Lucangeli, Tressoldi, & Cendron, 1998). Including 

the self-evaluation component step in the tutorial was therefore looked upon favorably 

by teachers.  

Impact of Problem Solving Tutorial on Learning Outcomes 

The second goal of this study was to compare the impact of two tutorial 

designs on student learning outcomes. In the first design, adaptively faded worked 
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example design, the types of learning activities and the amount of instruction support 

were adjusted to student proficiency on component problem solving skills. In the 

second design, non-adaptive, students were presented with fully worked examples. Of 

special interest was the impact of the two tutorial designs on tutorial completion time, 

perceived cognitive load, and student achievement on problem solving component-

skills and whole-problem skills. 

Results indicated that the completion time of the adaptive design was 

significantly longer than the completion time for the non-adaptive design. The longer 

completion time among the adaptive group may have been due to the varied learning 

tasks that required more active participation from students. Unlike the students in the 

non-adaptive group which were only presented with the worked examples, students in 

the adaptive group were presented with higher order prompts for explanation and 

independent problem solving. Because these higher order activities required students 

to be more actively engaged and interact with the tutorial, students may have spent 

more time with understanding and working through the problem solving steps.  

Further, it was discovered that tutorial completion time was more varied for students 

belonging to the non-adaptive group.  This may be attributed to the fact that some 

students actively processed the worked examples, while others merely passively 

proceeded through each component step.  Research has found that although worked 

examples do provide many benefits, some students do not take full advantage of them 

(Moreno, 2006).  

After completing the problem solving tutorial, students were asked to rate the 

amount of cognitive load, or mental effort, which they felt was required while working 
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through the tutorial. Results showed that there were no significant differences in 

mental effort between the two tutorial designs, however, the average ratings of 

perceived mental efforts were relatively high. This high amount of mental effort may 

have been attributed to a few factors. These include the: extensive amount of reading 

that was required, the number of substeps per component step, the number of 

problems, and/or the types of learning tasks that students were required to perform 

while working through the tutorial. Although measures were taken to reduce 

extraneous cognitive load, results suggest that additional measures should be taken. 

Previous research suggests that cognitive load can be reduced by reducing redundancy 

(Sweller, 2005b; Chandler & Sweller, 1991), replacing written text with audio (Mayer, 

2001; Ginns, 2005; Tindall-Ford, Chandler, & Sweller, 1997), and placing related 

material in close proximity (Ayres & Sweller, 2005; Moreno & Mayer, 2000; 

Kalyuga, Chandler, & Sweller, 1999; Sweller, Chandler, Tierney, & Cooper, 1990).  

The third learning outcome that was examined was student achievement. For 

this study, the impact of two tutorial designs on student problem solving skills was 

compared. Even after controlling for prior knowledge, which previous research has 

suggested to affect achievement (Kalyuga, Ayres, Chandler, & Sweller, 2003; 

Moreno, 2006), results found no significant differences in post-test scores between the 

two tutorial designs.  These non-significant results may have been due to a few 

reasons. These include the short duration of the tutorial, similarities in the two designs, 

the number of items in pre-post knowledge tests, and small sample size. First, because 

students had less than one hour to study from either tutorial design, they may not have 

had sufficient time to construct and automate problem solving schemas. Previous 
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research on adaptive systems have indicated that students improved achievement, 

however, these improvement were higher when students had had more practice 

sessions with the ITS (Arroyo, et al., 2004; Beal, et al., 2010). Due to implementation 

time constraints, students‘ access to the tutorial was limited to less than one hour. 

Second, non-significant differences on student achievement between the two designs 

may have been attributed to the similarities of both designs. In this study, numerous 

instructional design principles (see Chapter 2 of this dissertation) were instantiated in 

both designs. The adaptive tutorial differed from the non-adaptive tutorial only in 

regard to the principles which were used individualize problem solving instruction 

(e.g., training wheels principle, individualization principle, self-explanation principle, 

completion strategy principle). Further, because the design of the adaptive tutorial was 

based on student performance, differences between the two designs may have been 

very small, considering the fact that if students performed poorly in the adaptive 

tutorial, they would be presented with the same worked examples as the non-adaptive 

design. In previous studies, which have yielded significant differences, adaptive 

systems were compared to traditional classroom instruction (Anderson et al., 1995; 

Koedinger et al., 1997; Morgan & Ritter 2002; Plano 2004; Sarkis 2004).  Third, due 

to the time constraints during implementation, pre- and post-knowledge tests 

contained only eight items. On each knowledge assessment, three items were used to 

gauge the ability to solve whole problems, and five items were used to assess student 

abilities on each component problem solving skill. Because these instruments had a 

limited number of items, they may not have fully captured student differences in 

problem solving abilities. Fourth, non-significant differences may have been attributed 
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to the small sample size in both tutorial designs. A larger sample may have revealed 

significant differences. Further, although students were randomly assigned into the 

two tutorial designs, with such a small sample additional individual differences such 

as reading abilities and student motivation may not have been equally distributed 

among the two groups. These individual differences may have impacted results.  

Implications  

The purpose of this study was to examine the design and impact of a problem 

solving tutorial which aimed to teach students (via worked examples) the process and 

component skills needed to successfully solve algebraic word problems. In this study, 

a problem solving tutorial was designed in a manner which was cognizant of student 

cognitive load. Even though measures were taken to ensure that germane load would 

be maximized by individualizing the amount of instructional support and learning 

tasks to student proficiency levels and minimizing extraneous load, certain design 

decisions may have inadvertently led to unnecessary extraneous cognitive load. These 

include the exclusive text-based nature of content presentation, and the number of 

substeps and problems. Future instructional designers should aim to further 

incorporate multimedia design principles and vary the modality of content 

presentation by effectively using audio, graphical, and animation to present 

instruction; decreasing the number of substeps in each component step; and 

individualizing instruction by considering student reading levels. In addition, measures 

should be taken to further reduce redundancy and extraneous cognitive load by 

adapting instruction in such a manner that if students are proficient with solving whole 

problems and do not need step-by-step guidance, then they should receive practice 
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with whole tasks, as opposed to part tasks. In other words, if a student can solve a 

problem without step-by-step guidance, then the student should be presented with 

practice on whole tasks without guidance. Research has found that when learners have 

progressed to the late stage, or advanced level of expertise, speed and accuracy are 

heightened by independent problem solving practice (Kalyuga et al., 2003; Pirolli & 

Recker, 1994). Introducing multiple substeps which are not needed may therefore slow 

down and interrupt the learning of advanced students. In addition, after students have 

reached mastery proficiency levels, they should not be required to continue practicing 

with additional problems. In this tutorial, students were required to work through all 

problems regardless of mastery. Requiring additional problems after students have 

reached high proficiency, may add extraneous load and unnecessarily add to student‘ 

learning time. Future designers should therefore continue to investigate how problem 

solving instruction can be designed to meet the needs of advanced, as well as novice 

learners.  

In order to accurately provide students with instruction that is appropriately 

aligned with their knowledge levels, thoroughly tested instruments should be used. 

Due to implementation time constraints, the number of test items in pre and post 

knowledge instruments was limited. In the future, researchers should consider adding 

more items with various difficulty levels. Increasing the number of items on 

knowledge tests may provide a better gauge of student knowledge. Furthermore, in 

order to accurately individualize instruction by using the BKT algorithm, researchers 

should collect more student data from larger samples of students and carefully 

examine whether the currently used parameters should be adjusted. In the present 
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study, parameters were set based on the recommendations of previous studies which 

used the BKT algorithm in different settings (Corbett & Anderson, 1995) however, 

because the accuracy of parameters is sample dependent, larger samples which include 

students with more diverse problem solving skills,  may improve parameter estimates. 

Research has found that it is critical to determine the right type and amount of support 

and to fade at the appropriate time (van Merriënboer, Kirschner & Kester, 2003).  This 

can only be achieved with carefully calibrated BKT parameters.  Research has found 

that it is critical to determine the right type and amount of support and to fade at the 

appropriate time (van Merriënboer, Kirschner & Kester, 2003).  This can only be 

achieved with carefully calibrated BKT parameters.  

Previous research has found that due to the complex nature of problem solving, 

the cognitive resources of students may become overwhelmed. Therefore, in order to 

design problem solving instruction which is sensitive to student cognitive load, future 

designers should seek additional instruments or tools to measure and distinguish 

between the three types of cognitive load. Although the instrument used in this study 

is commonly used in many research studies (c.f. Paas & van Merriënboer, 1994; Paas, 

van Merriënboer, & Adam, 1994; Paas et al., 2003a), it may not be sensitive enough. 

Additionally, future researchers should investigate how problem solving instruction 

may be individualized based on cognitive load, in addition to measures of learner‘ 

knowledge levels. 

Conclusions 

Despite the attention directed towards problem-solving instruction, students 

and teachers continue to experience difficulties. In order to improve students‘ problem 
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solving skills with algebra word problems, this study examined how the design of 

worked examples could be individualized based on student proficiency levels on key 

problem solving skills. Overall results indicated that students were pleased with the 

design of the tutorial and felt that they could learn easily from it. In addition, teachers 

felt that the tutorial could be effective for helping students who struggle with devising 

plans on how to approach problems. Further examination, however,  found that while 

students with lower pretest scores liked the step-by-step design of the problem solving 

tutorial, those with higher pretest scores did not. Future researchers should continue to 

explore how problem solving instruction can be designed to address the needs of 

students at proficiency levels. In addition, researchers should continue to explore how 

problem solving instruction can be designed in manners that: integrate highly effective 

research-based methods for teaching problem solving, are cognizant of learner 

cognitive load while solving problems, and individualize instruction based on 

students‘ problem solving skills. By examining and reporting on the effectiveness of 

integrated research-based strategies, researchers can equip both teachers and 

instructional designers with strategies which they may use to address some of the 

issues encountered with when teaching problem solving.  
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Appendix A 

Tutorial Problems 

Problem 1: 

Every year, Cindy plants a vegetable garden in her backyard. This year, she planted 2 

rows of beets, 1 row of celery, 1 row of beets, and 3 rows of collard greens. The width 

of her rectangular garden is 8 feet less than twice its length.  What are the dimensions 

of the garden, if the perimeter is 20 feet? (P=2L + 2W) 

 

Problem 2:  

Jane buys a pencil, crayons, and two erasers for school. After paying with a $5 bill, 

Jane receives $3 back in change. If she receives 20 coins, all of which are nickels and 

quarters, how many of each kind are given?  

Problem 3: 

Justin enjoys playing football with his brother Ethan. Justin is 4 years older than 

Ethan. In 9 years, the sum of their ages will be 34. How old is each boy now? 

 

Problem 4: 

 Billy enjoys going to see magicians do tricks at the fair. In one trick, a magician asks 

Billy to pull two numbers out of a hat but not to tell him what these two numbers are. 

Billy does so and notices that the sum of the numbers is 64. He also sees that one of 

the numbers exceeds the other by 26. If the hat is blue, what are the two numbers? 

 

Problem 5: 
Miguel enjoys going to baseball games with his grandfather Michael. In three more 

years, Miguel's grandfather will be six times as old as Miguel was last year. When 

Miguel's present age is added to his grandfather's present age, the total is 68. How old 

is each one now?  

 

Problem 6: 

Frank has worked as a bank teller for the past 10 years. Yesterday afternoon, he 

counted the number of $20 bills and $10 bills in his till. He counted 16 bills. If the 

total value of those bills was $200, how much of each bill did he have? 

Problem 7: 

Frank is 25 years old and Sandy is 27 years old. Together they go buy fruit at the local 

farmer‘s market. Frank buys 4 apples and 2 oranges for $1. Sandy buys 2 apples and 3 

oranges for 70 cents. How much does each apple and orange cost?  

Problem 8: 

Randy tells Lindsey buy to pick any two numbers that she can think of. Randy then 

tells Lindsey to give him hints on the relationships between the two numbers, but not 

to reveal the exact value of these numbers. So, Lindsey says ―I have two numbers. The 

sum of two numbers is 55 and four times the smaller number plus five times the larger 

number is 176‖. What are the numbers?  
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Appendix B 

Pre/Post Knowledge Test 

Pre Knowledge Test 

Problem 1: 

 

Sam and Dean both enjoy playing football. Sam‘s jersey number is 25 and Dean‘s 

jersey number is 33. Dean is 2 years younger than Sam. In 3 years, the sum of their 

ages will be 38. How old is each boy now?  

A. Dean is 15 and Sam is 13 

B. Dean is 15 and Sam is 17 

C. Dean is 18 and Sam is 20 

D. Dean is 14 and Sam is 24 

 

Problem 2: 
For the past 5 years, Sandy and her husband Bill have lived in their new home. This 

year, Sandy wants to install new carpet in their den.  Before going to Carpet World, 

she will need to know the approximate length and width of the den.  Sandy asks her 

husband to measure the room for her. Being a math teacher at the local high school, 

Bill tells her that the width of the room is 5 feet less than its length and that its 

perimeter is 58 feet.  Using the information given, can you provide Sandy the 

dimensions of the den? (P= 2L+ 2W) 

A. Width =40, Length= 18 

B. Width =12, Length= 17 

C. Width =20, Length= 9 

D. Width =11, Length= 16 

 

Problem 3: 

Jane will turn 8 years old next week. As a gift, her grandmother gives Jane $10 to buy 

anything she wants from the local candy shop. After selecting and purchasing various 

types of candy, Jane receives $2 back in change. If she receives 20 coins, all of which 

are nickels and quarters. How many of each kind of coin was she given?  

 

A. 14 quarters and 6 nickels 

B. 15 quarters and 5 nickels 

C. 10 quarters and 10 nickels 

D. 5 quarters and 15 nickels 

 

Problem 4:  

Wayne bought several bags of caramel and taffy candy for a birthday party. Together 

the candy cost $25.78. The number of taffy bags was 5 more than the number of 

caramel bags. Each bag of Taffy weighed 8 ounces, and each bag of caramel weighed 



Texas Tech University, Raymond Flores, August 2011 

 

114 

 

16 ounces. The total weight of the bags was 400 ounces. How many bags of each type 

of candy were bought? 

Which of the following information is important for helping you solve this problem? 

   

a) The types of candy that were bought 

(1
st
 sentence) 

  

b) The total cost of the candy (2
nd

 

sentence) 

  

c) The relationship between the number 

of taffy bags and caramel bags (3
rd

 

sentence) 

  

d) The weight of each bag of caramel (4
th

 

sentence) 

  

e) The total weight of the candy bags (5
th

 

sentence) 

  

f) The number of bags that were bought 

(not given) 

  

   

Problem 5: 

Ricky and Sandy went to Hastings to buy video games. Ricky bought three less than 

twice as many video games as Sandy. Together they bought 15 video games. 

a). What type of problem is this?  

A) Compare and combine 

B) Combine and combine 

C) Compare and compare 

D) None of the above 

b) If r represents the number of video games which Ricky bought and s represent the 

number of video games which Sandy bought.) Which set of equations can be used 

to model this problem? 

A) r=15s-3 

r+s=2 

B) r=2s -3 

r+s=15 
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C) r=3-2s 

r+s=15 

D) r=2(s-3) 

r+s=15 

E) I don’t know 

Problem 6:  

Given the following system of linear equations, could you explain the steps that you 

would you take in order to solve the system using the substitution method? 

 

2x+y  = 5 (Equation 1) 

5x+3y=15 (Equation 2) 

 

A) No 

B)  Yes 

If yes, select the options from the drop down menus to provide the correct steps. 

 

Step 1:  Solve for y in Equation 1. 

Step 2:  Substitute this expression into Equation 2 and solve for (x or y) 

Step 3:  Then substitute your answer back into Equation 1 and solve for (x or y). 

 

Problem 7:  

 

Ralph is certain that he has found the correct solution to the following system of linear 

equations.  

 

(M=4, N=5) 

 

M+ N=9 (Equation 1) 

5M-3N=21 (Equation 2) 

 

Is he correct? 

A) Yes 

B) No 

C) I don‘t know 
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Post Knowledge Test 

Problem 1: 

 

Mark and Billy both enjoy playing baseball. Mark‘s jersey number is 12 and Billy‘s 

jersey number is 13. Mark is 3 years older than Billy. In 5 years, the sum of their ages 

will be 39. How old is each boy now?  

A. Mark is 16 and Billy is 13 

B. Mark is 17 and Billy is 14 

C. Mark is 18 and Billy is 15 

D. Mark is 19 and Billy is 16 

 
Problem 2: 
For the past 3 years, Kim and her husband Wayne have lived in their new home. This 

year, Kim wants to repaint the ceiling in their den.  Before going to Home Depot, she 

will need to know the approximate length and width of the den‘s ceiling.  Kim asks 

her husband to measure the room for her. Wayne tells her that the length of the room 

is 7 feet more than its width and that its perimeter is 86 feet.  Using the information 

given, can you provide Sandy the dimensions of the den? (P= 2L+ 2W) 

A. Width =25, Length= 18 

B. Width =20, Length= 23 

C. Width =18, Length= 25 

D. Width =23, Length= 30 

 

 

Problem 3: 

Randy will turn 6 years old next week. As a gift, his grandmother gives Randy $15 to 

buy anything he wants from the local toy shop. After selecting and purchasing various 

types of toys, Randy receives $3.50 back in change. If he receives 26 coins, all of 

which are dimes and quarters, how many of each kind of coin was he given?  

 

A. 15 quarters and 11 dimes  

B. 6 quarters and 20 dimes  

C. 10 quarters and 10 dimes 

D. 24 quarters and 5 dimes 

 

Problem 4:  

William bought several bags of fruit, all of which were either apples or oranges. 

Together the fruit cost $22.95. The number of bags of apples was 2 more than the 

number of bags or oranges. Each bag of apples weighed 5 pounds, and each bag of 

oranges weighed 4 pounds. The total weight of the bags was 32 pounds. How many 

bags of each type of fruit were bought? 

Which of the following information is important for helping you solve this problem? 
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a) The types of fruit that were bought (1
st
 

sentence) 

  

b) The total cost of the fruit (2
nd

 sentence)   

c) The relationship between the number 

of bags of apples and oranges (3
rd

 

sentence) 

  

d) The weight of each bag of apples (4
th

 

sentence) 

  

e) The total weight of the fruit bags (5
th

 

sentence) 

  

f) The number of bags that were bought 

(not given) 

  

   

Problem 5: 

Sammy and Amanda went to Hastings to buy some books. Sammy bought four more 

than twice the number of books that Amanda bought. Together they bought 15 books. 

a). What type of problem is this?  

A) Combine and combine 

B) Compare and combine 

C) Compare and compare 

D) None of the above 

c) If s represents the number of books bought by Sammy and a represent the number 

of books bought by Amanda). Which set of equations can be used to model this 

problem? 

A) s=2(4 + a) 

s+a=15 

B) s+4=2a 

s+a=15 

C) s=2a+4 

s+a=15 

D) s+4=2(a-4) 

s+a=15 



Texas Tech University, Raymond Flores, August 2011 

 

118 

 

E) I don’t know 

Problem 6:  

Given the following system of linear equations, could you explain the steps that you 

would you take in order to solve the system using the substitution method? 

 

x+y  = 6 (Equation 1) 

4x+2y=25 (Equation 2) 

 

A) No 

B)  Yes 

If yes, select the options from the drop down menus to provide the correct steps. 

 

Step 1:  Solve for x in Equation 1. 

Step 2:  Substitute this expression into Equation 2 and solve for (x or y) 

Step 3:  Then substitute your answer back into Equation 1 and solve for (x or y). 

 

Problem 7:  

 

Ralph is certain that he has found the correct solution to the following system of linear 

equations.  

 

(A=7, B=5) 

 

A+ B=12 (Equation 1) 

5A-3B=20 (Equation 2) 

 

Is he correct? 

A) Yes 

B) No 

C) I don‘t know 
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Appendix C 

Tutorial Evaluation Survey 

 

User ID:  ___________ (Please type in user id before continuing.) 

  

This section concerns your evaluation of the tutorial which you just studied. Please 

think about each statement and record your responses by selecting the number that 

corresponds to the way you feel about the statement. 

 

1= Strongly Disagree, 2=Disagree, 3 =Neutral, 4= Agree, 5 =Strongly Agree  

 

(1) Working with the tutorial helped me learn 

(2) The feedback from the tutorial helped me learn 

(3) The step by step structure of the tutorial helped me learn 

(4) The tutorial helped teach me a new concept 

(5) Overall, the tutorial helped me learn 

(6) Selection of colors for screen, font, and links was 

appropriate 

(7) The content was easy to understand 

(8) The instructions in the tutorial were easy to follow 

(9) The tutorial was easy to use 

(10) The tutorial was well organized 

(11) I liked the overall theme of tutorial 

(12) I found the tutorial motivating 

(13) I would like to use this tutorial again 

(14) The tutorial maintained my interest 

(15) I enjoyed learning from this tutorial 

1  2  3  4  5   

1  2  3  4  5  

1  2  3  4  5 

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5   

1  2  3  4  5  

1  2  3  4  5  

1  2  3  4  5  

      1  2  3  4  5  

 

Using the scale:    1 =Poor to 5= Excellent  

 

Overall, how would you rate this tutorial?          1  2  3  4  

5 

 

 

 

Adapted from: 

Kay, R. H. & Knaack, L. (2009). Assessing learning, quality and engagement in 

learning objects: The Learning Object Evaluation Scale for Students (LOES-S). 

Educational Technology Research and Development, 57, 147-16. 
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Appendix D 

Student Questionnaire 

Please answer the following two questions about the tutorial you just studied: 

What did you like most about the tutorial? 

 

 

 

 

 

 

 

What did you like least about the tutorial? 
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Appendix E 

Usability Survey 

This section concerns your evaluation of the tutorial you just studies. Please think about each 

statement and record your responses by selecting the number that corresponds to the way you 

feel about the statement. 

 

1= Strongly Disagree, 2=Disagree, 3 =Neutral,  4= Agree,  5 =Strongly Agree  

 

1) This tutorial was organized well. 1  2  3  4  5 

2) The tutorial was easy to navigate through. 1  2  3  4  5 

3) Learning how to use the tutorial was easy. 1  2  3  4  5 

4) The text was easily readable.  1  2  3  4  5 

5) A consistent layout was used throughout the tutorial.  1  2  3  4  5 

6) The screen design was attractive. 1  2  3  4  5 

7) This tutorial included a sufficient number of examples and practices. 1  2  3  4  5 

8) This tutorial presented information in a format that made it easy to learn. 1  2  3  4  5  

9) Animations, graphics, and pictures provided support for understanding the 

content.  

1  2  3  4  5 

10) Abstract concepts (rules, formulas, etc.) were illustrated with concrete, 

specific examples. 

1  2  3  4  5 

11) The tutorial's guided practices helped me understand the content. 1  2  3  4  5 

12) The content of the tutorial was structured in a clear and understandable 

manner. 

1  2  3  4  5 

13) This tutorial provided me with immediate feedback. 1  2  3  4  5       

14) Feedback was informative and helpful for my learning.  1  2  3  4  5 

15) This tutorial informed me of how much progress I had made during my 

study. 

1  2  3  4  5 

16) This tutorial provided me with the right kind of support when I needed it. 1  2  3  4  5 

17) Feedback was provided in an appropriate format. 1  2  3  4  5 

18) When I made a mistake, the tutorial would guide me through it. 1  2  3  4  5 

19) I feel that this tutorial was designed for me.  1  2  3  4  5 

20)  I feel that this tutorial adjusted the difficulty of the content to suit my skills. 1  2  3  4  5 

21)  This tutorial taught me skills that I need. 1  2  3  4  5 

22)  I think that I learned more quickly with this tutorial than usual. 1  2  3  4  5 
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23)  This tutorial prepared me to do better on tests. 1  2  3  4  5 

24) This tutorial made it easy for me to learn a new topic. 1  2  3  4  5 

25)  This tutorial was suitably challenging to me. 1  2  3  4  5 

 

 

Items taken or adapted from: 

 

Bernérus, A. & Zhang, J. (2010). A Peek at the Position of Pedagogical Aspects in 

Usability Evaluation of E- learning System -- A Literature Review of Usability 

Evaluation of E- learning System conducted since 2000.  Retrieved May 19, 2011 

from http://gupea.ub.gu.se/bitstream/2077/23482/1/gupea_2077_23482_1.pdf. 
 

 

Hadjerrouit, S. (2010). A conceptual framework for using and evaluating web-based 

learning resources in school education. Journal of Information Technology Education, 9, 

53-79. Retrieved May 19, 2011 from: http://www.jite.org/documents/Vol9/JITEv9p053-

079Hadjerrouit743.pdf. 
 

 

Nokelainen, P. (2006). An empirical assessment of pedagogical usability criteria for digital 

learning material with elementary school students. Educational Technology & Society, 9 (2), 

178-197. 

 

 

  

http://gupea.ub.gu.se/bitstream/2077/23482/1/gupea_2077_23482_1.pdf
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Appendix F 

Demographics Survey 

 

1. What is your gender? 

a) Male 

b) Female  

 

2.Enter your age below. 

     ____ years old  

 

3. What is your current academic classification?  

 

a) Freshman (9
th

 grade) 

b) Sophomore (10
th

 grade) 

c) Junior (11
th

 grade) 

d) Senior (12
th

 grade) 

 

 

4.What is your race/ethnicity? 

a) African American  

b) Asian 

c) Hispanic 

d) Native American 

e) White   

 

 

5.How often do you use a computer in a day? 

a) Less than 1 hour  

b) 1-3 hours 

c) 4-6 hours 

d) 7-9 hours 

e) 10 or more hours 

 

6.How often do you use Internet in a day? 

a) Less than 1 hour  

b) 1-3 hours 

c) 4-6 hours 

d) 7-9 hours 

e) 10 or more hours 

 

7. How would you rate yourself at computer skills? 

1. Very low 

2. Somewhat low 
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3. Average 

4. Somewhat high 

5. Very high 
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Appendix G 

Observation Form 

 

Name (Initial) :______________ 

Observation  # :_____________ 

Time (begin)_________  (end)  ___________ 

Date:_______________ 

Users Observed: 

_______________________________________________________________ 

Tutorial Section Problems/Issues Notes 
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Appendix H 

Teacher Interview Questionnaire 

 
a) Oral Interview Script 

 Thank you for agreeing to interview with me and for your participation in this study. I 

anticipate this interview will last about 15 minutes, and I appreciate any information 

you can provide. This interview is important for the success of this research study and 

it will serve to augment our understanding of how the adaptive tutorial can be 

improved. Your answers are completely confidential and will be coded and recorded 

without names. You may choose not to answer any of the questions asked during this 

interview.  You may also terminate the interview at any time.  Although your 

responses will only be reported anonymously, it is helpful for accuracy to record your 

responses. Is it okay if I tape record this interview? 

 

b) Interview Questions 

 How useful/effective do you think the tutorial will be for teaching 

students problem solving skills?  

 Which components of the tutorial did you like most? Least? 

 How can components of this tutorial be improved?  
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Appendix I 

Screenshots of Tutorial 

 

 

Figure 2. Tutorial Login Page  

 

Using a 4-digit user ID provided to them by their instructor, students logged into the 

problem solving tutorial. 
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Figure 3. Tutorial Student Status Page 

On the Student Tutorial Status Page, students could see the content of the problem 

solving module, instruments/activities, the number of questions or problems per 

activity, and their progress status. 

 

Figure 4.  Tutorial Problem Structure 
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Each problem in the tutorial was broken up into four components or steps. 

After reading the problem text, students could access the step by clicking on a 

collapsible panel associated with the step. 

 

Figure 5. Tutorial Component Step Panels 

On the left hand side of a component step panel, students would see subgoals and the 

answers to those subgoals. On the right hand side, students would receive instruction, 

guidance or prompts for answers.  
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Figure 6.  Tutorial Feedback 

Upon completing each component step, students would receive instructor feedback on 

their responses in the left panel of each component step, before proceeding to the next 

step. 

 

 

 

 

 

 

 

 

 


