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ABSTRACT 

The purpose of this study was to determine how the level of instructional support 

typified by varying the presentation of the worked example (full, partial, or minimal) 

effect the achievement of undergraduate students learning from a software application 

training module.  The three levels of instructional support, presented as worked 

examples, were used to “scaffold” two lessons on Microsoft Access. The fully worked 

example was a visual walk-through presentation, the partial worked example was a “point 

and click” interactive presentation, and the minimal worked example was a textual 

worked example that required working with the actual product. Dependent variables were 

performance scores (two practice exercises and one achievement test) and cognitive load 

was measured by mental effort ratings and efficiency scores. To avoid prior knowledge 

effects, prior knowledge of the Microsoft Access product derived from a survey question 

was used as a covariate.  

Data was collected from 57 participants who were enrolled in an undergraduate 

computer literacy course. Data was analyzed by multivariate analyses of covariance 

(MANCOVA) and follow-up analyses of covariance (ANCOVA) where significance was 

indicated. Results of the study showed the minimal worked example group did 

significantly better on the achievement test, without loss of time, and were more efficient 

than the full or partial worked example groups. Cognitive load was reduced when using 

minimal worked examples which allow schemas to develop in long term memory. Future 

research on development of instruction which includes using the task pane of an 

application is recommended.  
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CHAPTER I 

INTRODUCTION  
 

The proliferation of technology into businesses and education is a catalyst for the 

induction of software training for professionals and educators.  Software training can be 

defined as “a systematically planned teaching and learning process, the aim of which is to 

enable users to handle particular functions of an application software independently” 

(Bannert, 2000, p.336). Advances in computer architecture point toward changes in operating 

systems and upgrades in computer software.  Industry relies heavily on training to keep staff 

up to date with the newest applications while academia relies on technology instructors to 

teach staff, faculty, and students.  

The difficulty in providing instruction to a growing multitude of business enterprises 

and academic institutions on site through a trainer has lead to the development of software 

training being offered through a variety of venues. These venues for teaching software 

applications appear over the Internet through web-based classes, product tutorials, or by 

traditional book instruction with an accompanying CD Rom.  New multimedia products 

spawn new training techniques and possibilities to reach a diverse range of learning styles, 

such as TechSmith’s Camtasia or Macromedia’s Captivate screen capture recording software, 

and other interactive software.  Screen capture recording software is used to display actual 

screen states with explanations through narration (Karrer, Laser, & Martin, 2001). Despite 

the growing multiplicity of products to “teach” the learner, there still remains very little 

empirical research to find which training or presentation mode provides better learning for a 

variety of learners, whose level of expertise varies in software application programs. 
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Statement of the problem 

Training in software applications is generally offered by the product company, by 

training professionals, or through an educational course. Microsoft and Adobe offer internet 

training over their products, companies such as Elementk provide training courses online, 

and most institutions offer courses on Excel, Word, or other Microsoft applications.  

Obviously, in a market driven world, computer-based training provides efficiency and cost 

savings when training can be delivered at the same time a new product or application 

upgrade has occurred (Brown, 2000) but does training through technology deliver the same 

learning outcomes?  

The debate on the issue of the effectiveness of computer-based training has seemed to 

be a mute point when Clark has cautioned the educational community to focus on 

instructional methodology instead of the vehicle used to make the delivery (1985). Hede 

(2002) has addressed the conflict of using media for instruction and found positive and 

negative effects are dependent on the type of instruction being delivered and what variables 

are being compared. In the teaching of computer applications, it appears that the instructional 

mode of delivery is minor compared to the design and delivery of the actual lesson. Since 

technology will continue to move forward, selecting the instructional method that is the most 

effective and efficient in relaying the information to the user should guide the instructional 

designer in developing lessons. 

Computer-based Training and development by commercial companies offer a variety 

of techniques that are driven by “the complexity of the application, the learning goal, and 

requirements for development time and costs” (Karrer et. al, 2001, p.5). Karrer et al. 
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recommends a range of instructional techniques (screen capture, point-and-click, data input, 

multiple paths, and full simulation) which are dependent on the receiving audience.  

Screen capture with voice over is used mainly for an overview of the product. The 

application is captured through a number of screen shots with animation and narration 

explaining the procedural steps. Narration can be audio or captions. Screen captures can 

supply the audience with a general understanding of the software application but the 

audience is passive; they are not allowed to click on the screen or control the animation.   

“Point and click” simulations are another form of software training. A “point and 

click” interactive simulation is similar to a screen capture demonstration, with the exception 

that the learner is allowed to click on the monitor screen. Predefined interactive regions, 

hotspots, are created on the screen and the learner is directed to click with the mouse on these 

hotspots. The “point and click” lesson allows the learner to mimic the application procedure 

to complete a task. An example of a “point and click” lesson would be a screen shot of an 

application where the learner is requested to “click” on an object, (e.g. button) on the screen. 

If the learner succeeds in clicking on the correct region of the screen, the simulation moves 

forward. If the learner makes a mistake the simulation redirects the learner to correct the 

action, or will display the correct action to the learner. The learner is assisted or guided in 

completing a procedure with the “point and click” method.  

Bannert (2000) referred to “point and click” training as equipping the learner with 

“training wheels” because the learner is set on a pre-selected path with little chance of 

making an error, but Karrer et al. discourages “point-and-click” lessons because they do not 

behave like an actual application. The chance for error may be eliminated with a “training 
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wheels” approach, but Karrer et al. regards this method of teaching in limiting the learner to 

approaching problems with only the predefined path that was directed by the simulation, 

whereas in the actual application there may be multiple paths to the solution. What is meant 

by multiple paths in software application training is the fact that there are many instances one 

may succeed in completing a task using different actions or controls. For instance, to copy 

text in a document to the clipboard (a temporary holding area in a computer) in Microsoft 

Word, one may select text with the mouse and then use the Edit menu to select the copy 

command, or one can select text and right click with the mouse to select the copy command. 

Another way to copy text is to select the text and use the keyboard controls of holding down 

the control key and pressing the “C” key simultaneously. Any one of the three ways 

mentioned will complete the task of copying text, therefore there are multiple paths a user 

may select to accomplish the copy command.  

Data input simulations are a step beyond “point and click” because the learner can 

enter data into text fields. The program validates whether the learner has successfully entered 

the correct data input and then progresses to the next screen. If an error has been made, the 

program will direct the learner to re-enter the information or will display the correct answer. 

According to Karrer et al, data input simulations appear to increase knowledge retention but 

cost and complexity issues limit their development for training.  

While retention is a concern, transfer is equally important. Users need to know how to 

work a software application and understand its purpose to effectively transfer learning to 

their respective areas of occupation. The learner needs to be aware that there are multiple 

input paths to complete a task and expertise is developed in knowing which commands to use 
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in a given situation.  Simulations which allow a user multiple input paths to reach a desired 

output closely mirror the actual product. The ability to use menus, toolbar buttons, or right 

clicking the mouse to use a short cut menu, can allow the user to achieve the same outcome; 

the route used can vary according to the expertise of the learner.  The cost in developing 

multiple input paths to a full simulation for full user interaction and the issues regarding 

feedback (when and how often) have left commercial instructional designers developing data 

input simulations for teaching proficiency in the application (Karrer et al., 2001). But is this 

enough? According to Desai, Richards, and Eddy (2000) actual use with the software 

application, especially when application immediately follows training, produced better 

increases in retention over training without immediate application.  

Educational institutions that develop computer-based training seem to fall into the 

same constraints as commercial enterprises in developing courseware for teaching software 

applications. While there is a number of available presentation software for instructional 

designers to use to develop computer based courseware, there remains the tendency to 

delivery a “one size fits all” approach in instruction. Instructors who develop their own 

products find themselves reduced to producing one product because of the extended time 

constraints in developing media to fit the needs of their learners over traditional instructional 

time used in a “stand and deliver” mode of delivery (Folkestad & DeMiranda, 2002). 

In defense of delivering one approach towards instruction, distributed web-based 

courses say they can offer users choice in pacing, as they can replay an instructional 

sequence if the initial procedure was misunderstood (Folkestad & De Miranda, 2002).  

However, the sequencing and “chunking” remains at the discretion of the program, and users 
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may not have the option to view a piece or section without having to review the majority of 

the program. Chunking refers to the practice of breaking large amounts of information into 

small groups to assist in memory retention, where elements are placed into a “chunk” or 

group based on logic or the underlying meaning of the material to be learned (Cooper, 1997). 

Users of an application have different needs and expectations. Methodology should 

change to reflect the type of learner. New users may need a slow, from beginning to end, 

instructional format while expert users may only need a handout on the additional features. 

Experts may not have the time, nor would they want to invest a significant amount of time 

relearning procedures already known because training wasn’t offered in a variety of formats. 

Results from instructional design which negates the expertise of the learner can have 

detrimental effects on learning outcomes (van Merrienboer & Sweller, 2005). The expertise 

reversal effect (van Merrienboer & Sweller, 2005) requires changes to the instructional 

format as the learner gains knowledge and improves in skills. 

Novice learners perform better with an example based approach. This method of 

presentation allows the learner to study a procedural step-by-step example or solution guide 

instead of completing a conventional problem task. This technique is known as a worked 

example. Novice learners who use worked examples benefit from associating problem states 

and solutions steps, thereby creating a mental model of the problem and its solution (van 

Merrienboer, Kirschner, & Kester, 2003). In many studies, worked examples facilitate 

learning because they lower the cognitive load (Kalyuga, Chandler, & Sweller, 2001). In 

software training, the type of worked example can vary from presenting a sequence of screen 

shots to a more interactive model where the learner mimics an action on the screen with a 
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point and click method or to a series of text instructions where the learner follows a step-by-

step approach with the actual product. Which type of worked example achieves better 

performance is debatable.  

Research has assisted instructional design in developing better training methods. 

Software training, although procedural in nature, is no different that other types of training 

(van Merrienboer, 2000). Training should mirror the needs of the intended audience. 

Unfortunately, course development can be costly and the decision of presentation is often 

dictated by companies who may be looking at cost features over effective learning outcomes 

or designers under time constraints to produce an effective product.  

Purpose of the study 

The purpose of this study is to determine how the level of instructional support 

typified by varying the presentation of the worked example (full, partial as in a “training 

wheels” or “point and click” interface, or minimal) with novice learners effect the 

achievement of undergraduate students learning from a software application training module.  

The function of software training is to establish competency in the learner in using an 

application. Research has addressed the variables of practice, prior knowledge and methods 

of scaffolding and their effects on learning (Leutner, 2000; Brown, 2001; van Merrienboer & 

Sweller, 2005).  

Leutner approached the subject of scaffolding or support in software training by 

looking at the amount of detailed guidance or support given to the user. His study compared 

the two types of user support. The first type offered full functionality of the software product 

with a set of problems to solve. The second type limited the use of the product by locking 
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down the functionality of the product (training wheels) and offered the user detailed guidance 

(step-by-step instructions) on how to solve the problems. Leutner gradually removed the 

limitations and lessen or faded the detailed guidance until the user had full use of the product 

and could solve problems without guidance. He found the fading support approach lead to 

better performance.  

While Leutner found slow fading guidance to lead to better achievement (2001), 

Brown (2001) found the most powerful predictor of knowledge gain was practice level 

Brown’s experiment looked at amount of practice a learner selected to undertake in a 

computer based course. The participants had the opportunity to practice in the middle of a 

module, at the end of a module or could skip the practice activities. Brown found a negative 

relationship between mastery orientation and practice level; mastery orientation does not 

mean they will practice more. (Mastery orientation refers to the perception when someone 

believes they can improve their abilities in the face of difficulty.) Brown found learners who 

skipped the opportunities to practice reduced their knowledge gain especially when practice 

sessions enhanced their understanding of the material. Learners who skipped practice 

sessions had high performance orientation and low learning self-efficacy. (Brown defined 

people with high performance orientation as people who recognized their limitations and 

worked at being competent but have tendencies to compare their performance to others. Self-

efficacy relates to whether a person believes he or she is capable of completing a task.)  

Brown’s research emphasis was centered on practice and time on task (2001). He 

explained that variances in knowledge gain were related to time on task and levels of 

practice. To reach the expertise level, practice is required. But the level of practice should 
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diminish at some point when a ceiling effect has met where more practice becomes 

unproductive. The learner should have developed a schema for handling certain tasks. 

According to van Merrienboer & Sweller (2005), at this point, for the expert learner, learning 

can decline unless instruction changes. At some point, the guidance practice sessions need to 

fade to allow the learner to process and problem solve without guidance. Unfortunately, 

artificial intelligence for detecting existing schemata in software applications has been unmet 

for computer based instruction, therefore cognitive task analysis procedures and development 

of mental models must be taken into consideration in the instructional design process (Dutke 

& Reimer, 2000). 

The research team of van Merrienboer & Sweller (2005) recommend evaluating the 

cognitive load the learner experiences from novice to expert level when designing 

instructional methods. While individual intrinsic load is difficult to determine, van 

Merrienboer and Sweller recommend using worked examples to lower the extraneous 

cognitive load when learning becomes complex (2005). The worked example approach is 

commonly used as the majority of instruction in teaching software applications tends to show 

a step-by-step demonstration by an instructor followed by practice by the student or through 

software manuals or other printed materials that contain screen captures. According to Urata 

(2004), the use of a step-by-step manual reduces error rates and improves self-efficacy in 

novice users. Gellevij and van der Meij (2004) demonstrated that manuals with screen 

captures assisted novice users to manage the complexity of the interface by verifying screen 

states, developing mental models, and identifying and locating window elements.  However, 

technology has advanced in offering a multimedia presentation instead of print. The option to 
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view a worked example, interact with a worked example or follow a set of procedural 

directions and work with the actual product cast the inquiry of which type is the most 

effective for novice users has yet to be investigated. 

Theoretical Framework 

Learning a software program requires the learner to understand functions and 

procedures. Novice learners require support relative to assuring task completion. As learners 

increase in learning an application, or as expertise is attained, the focus of cognitive load and 

the development of schema as its relationship with software applications require changes in 

instruction for effective learning. 

 Leutner (2000) describes the process of skill acquisition in terms of the ACT-R 

theory (Adaptive Control of Thought) developed by Anderson, where skills eventually 

become automatic. Leutner’s three phases (declarative, compilation, and procedural) tie 

strongly in with supportive structures that diminish with skill acquired. Leutner’s model can 

be blended with cognitive load theory and scaffolding in technology instruction or software 

training. 

Basically, during Leutner’s first phase, users follow a step-by-step procedure guide in 

learning small steps of the program. The majority of programs that follow a book metaphor 

incorporate a number of procedural steps for the learner to follow to accomplish a task. The 

support structure is heavy to minimize errors, and to develop correct knowledge structures, or 

the constructs of action schemata and mental models.  

Action schemata, according to Dutke and Reimer, are “long-term memory 

representations of repeatedly executed actions” which are goal oriented in nature (2000, 
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p.308). If a schema becomes automatic, then the organization in the brain alters as it can treat 

the constructed schemata as one unit and free up working memory to accommodate 

additional new information (van Merrienboer & Sweller, 2005).  Action schema assimilation 

occurs when the user uses previous learned schema to solve similar tasks (Dutke & Reimer, 

2000). 

Mental models in software training represent a “how it works” combination with 

problem solving. If one has an understanding of the functionality of the program, one is able 

to adapt easier to a schema change (Dutke & Reimer, 2000).  Presenting a graphical worked 

example should lower cognitive load and assist in forming a mental model of the operation 

because of the dual nature of working memory. Dual coding describes working memory as 

consisting of two separate systems (verbal and nonverbal) which facilitate working memory 

to process and develop strong mental models (Gellevij et al., 2002a).   

Cognitive load theory is concerned with instructional techniques that reduce 

unnecessary working memory load (Sweller, 2005). When a task is complex, the learner can 

become overwhelmed in determining which parts to pay attention to and not be able to retain 

much of the information presented (Banikowski  & Mehring, 1999).  In this case, the 

cognitive load is excessive for novice learners. Learning is impaired unless measures are 

taken to reduce the extraneous cognitive load with problem solving support.  

Pacing is relative to enabling learners to process information through repetition, 

modeling (using examples), and practice. Banikowski and Mehring (1999) acknowledge the 

importance of prior knowledge, as background knowledge enhances the capacity of working 

memory to assimilate new information.  Constructed schema, according to van Merrienboer 
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and Sweller, can become automated, and free working memory to handle other learning 

activities (2005, p. 149). Leutner (2000) describes this happening during his second phase 

where the procedures of learning a software application are synthesized as one unit in 

memory, with the concluding phase where all procedures are performed as one unit.  

Worked examples have been used in previous research to decrease extraneous 

cognitive load in the instruction of mathematical concepts (van Merrienboer & Sweller, 

2005). Typically, worked examples are described as a “step by step” method of working a 

particular type of problem to promote schema acquisition and automation (Cooper, 1997). 

Specifically, the problem and its solution are revealed to the learner (Tuovinen & Sweller, 

1999).Worked examples in the instruction of software applications may also be effective 

since both mathematics and computer applications are procedural oriented in instruction. 

Following the structure of a worked example, the learner can equate the problem situation 

with its procedural or technical steps rather than seeking an answer through conventional 

problem solving routines that tax memory resources in finding a solution (Tuovinen & 

Sweller, 1999). Cognitive load is decreased with worked examples as the learner can 

cognitively map the procedural steps to problems of a similar nature. 

 Work examples can aid in the development of a mental model but also are a support 

structure. As the learner begins to acquire the procedural skills to complete tasks, the worked 

examples will fade. (The support decreases as more schemata structures are assembled.) This 

reduction of support is also in place to decrease the expertise reversal effect, where learning 

is hampered with presenting information that is no longer required for problem solving.  
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Access is a complicated database software application to learn and understand. 

Tuovinen and Sweller’s (1999) research in database learning with worked examples and 

exploratory (discovery) learning indicated worked examples lose their effectiveness with the 

expertise of the learner, thus the expertise effect occurs with prior knowledge. Tuovinen and 

Sweller presented worked examples as annotated step-by-step solutions through computer-

screen views for varying calculated-field database problems.  To determine if using worked 

examples can be an effective instructional support structure and to lower the extraneous 

cognitive load in the instruction of a computer application, such as Access, should be 

determined through an empirical study. 

Assumptions 

The study is based on the assumption that the participants are a representative sample 

of the undergraduate population of university students in Texas. Secondly, another 

assumption is that the use of participants familiar with technology minimizes any novelty 

effects in the study. Finally, the last assumption is that participants will complete the training 

module lessons and achievement tests to the best of their ability.  

Research Questions 

Extending on the research findings of Tuovinen and Sweller’s (1999) worked examples 

and cognitive load, using actual course materials, this study will examine the following 

questions: 
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Research Question 1 

 What are the effects of the degree of instructional support in worked examples (full, 

partial, or minimal) on college students’ retention and application of procedural knowledge 

during computer-based software training? 

Research Question 2 

 How does the degree of instructional support in worked examples (full, partial, or 

minimal) affect mental effort ratings by students on practice problems? 

Research Question 3 

 How does the degree of instructional support in worked examples (full, partial, or 

minimal) affect the instructional efficiency of students? 

Delimitations 

Participants for this study were from a locally accessible population. The population 

included undergraduates from a local southwestern university who were taking an 

undergraduate technology course. The results of this study will be able to generalize to this 

population of students who are acquainted and familiar with technology.   

Limitations 

The following limitations to the study are noted: 

1. The training is controlled. Subjects working in a business environment may operate under 

self-efficiency rather than controlled conditions.  

2. The experimental treatment was of short duration. Generalization to a longer time of 

treatment may be limited. 
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3. Only Access application software was used to measure achievement. Generalizations to 

other software applications areas may be limited. 

Significance of the Study 

The proliferation of computers in business and education and the continued upgrading 

of software will require training for the user to remain proficient. Merely developing an 

overview of the product is insufficient for transfer and knowledge proficiency. Interaction 

with the product is necessary for skill acquisition. Conceptual training is necessary for 

transfer to occur. Software applications that are complex to understand on a conceptual basis 

are confounded by the number of procedural steps to accomplish a goal. Using worked 

examples in addition to concepts (functionality) and procedures is relatively new to use in 

software application training.  

 The study was needed to determine if different levels of worked examples as support 

structures would reduce the cognitive load of learning a complex software application. The 

study enables instructional designers to create better software training for software users. 

Corporate trainers and educational computer instructors and staff will benefit from additional 

work in this area. 

Definition of terms 

1. Achievement -Achievement in this study relates to the post-test performance over the 

software application Access. 

2. Software Training -Software Training is a “systematically planned teaching and learning 

process, the aim of which is to enable users to handle particular functions of an application 

software independently” (Bannert, 2000, p.336). 
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3. Worked examples – Worked examples are an expert’s problem-solving model, consisting 

of the rationale, procedures, and solution. 

4. Cognitive Load Theory – “Cognitive load theory is concerned with techniques for 

reducing working memory load in order to facilitate the changes in long term memory 

associated with schema acquisition” (Soloman, 2005). 

5. Training Wheels – A special user interface where the user can “point and click” to 

simulate actual tasks in the software, derived from Carroll’s training wheels technical support 

(Bannert, 2000). 

6. Instructional support – Instructional assistance provided as a scaffold device used to 

promote learning (Davis & Miyake, 2004). 

Summary 

Software training is a repetitive necessary component of business and academic 

institutions because of the continuous change of technology. Research in learning is not a 

focal point in commercial software training as cost appears to be driving the development of 

software training. However, commercial software does offer some guiding principles in the 

limitations of producing a product to “teach through.”  

 Learning a software application is similar to mathematics due to its procedural nature. 

Worked examples are effective in lowering cognitive load in mathematics. Therefore, 

worked examples may benefit the learner in learning complex software applications.  

 The expertise effect occurs when worked examples decrease learning in students with 

prior knowledge. Using the standard interface with procedural directions may reduce the 
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expertise effect found by many researchers, while using worked examples may benefit 

novices.  
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CHAPTER II 
 

REVIEW OF LITERATURE 
 

Training for working with computers and computer software has been traditionally 

partnered with business related ventures. When microcomputers entered the business 

spectrum in the 1980’s, training increased to accommodate an emergent workforce dependent 

on the need to quickly share and store data. At first, training was considered part of 

professional business skills (van Merrienboer, 2000), but with the impact of computer 

technology in schools, training evolved to include preparing students and staff for 

communication and technology information. Improvements in software to handle the 

technical requests of science, education, and business created a surge of training needs to 

follow the progressive change of technology growth in these areas.  

The instructional design of training tended to follow the educational methodology of 

the current decade. The ineffectiveness of some early instruction procedures may be related 

to the mismatch of instruction to memory load (Paas, Renkle, & Sweller, 2003). During the 

1980’s, training methodology featured procedural skills which were developed under the 

information processing analysis approach to cognition (van Merrienboer, 2000). The 

information processing theory views cognition based through a limited working memory 

whose capacity is maxed to holding up to five to nine pieces or “chunks” of information 

(Miller, 1956). As developments in brain research led to better understanding of learning, so 

too, better instructional design based on cognitive load theory is changing software training. 

This framework of cognitive theory, where memory and instructional design are paired 

together, shapes the foundation of effective software training for future learners.  
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Cognitive Load Theory 

John Sweller defined cognitive architecture as “the way cognitive structures are 

organized” (Veronikas, Shaughnessy, & LeDoux, 2006). He was referring to the organization 

of the cognitive structures working memory and long term memory and their roles and 

relationships to each other. The specific relationship between long term memory and working 

memory dominates the current cognitive field in the learning sciences and instructional 

design.  

Previous research by Miller (1956) demonstrated that working memory is limited to 

holding only five to nine pieces of information. When working memory is processing 

information, the number of items is lowered to two or three pieces (van Gog, Ericsson, 

Rikers, & Paas, 2005). Long-term memory, where all learning is stored, is seen as having 

virtually unlimited capacity. Understanding the limited capacity of working memory and its 

relationship to long-term memory has spurred redesigning of instructional material for better 

learning. Unequivocally, when researchers, Carlson, Chandler, and Sweller stated that 

“limited working memory may be the single most critical factor that needs to be considered 

when designing instruction,” they set the baseline for instructional design of the future (2003, 

p. 629), 

Cognitive structures pertaining to memory are broken down into pieces relating to 

how information is passed from one memory structure to another. Moore, Burton, and Myers 

(2004) describe the memory system as being divided into three main storage structures: 

sensory registers, short-term memory (STM), and long-term memory (LTM). Information 

moves through the memory structures by stimulating the sensory register, to be processed or 
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held through maintenance rehearsal in STM. In 1980, Klatzky (as cited in Moore et al., 2004) 

defined STM as a work space in which information may be rehearsed, elaborated, used for 

decision making, lost, or stored in the third memory structure: LTM. Moore et al. describes 

encoding as being interrelated to the “amount of elaboration and rehearsal conducted in 

STM.” (p. 981).  The function of LTM is to organize or store information so it can be 

retrieved. Retrieval is a search of memory structure. 

Instructional presentations can hinder or aid the process of information storage or 

retrieval (Moore et al., 2004).  Since STM capacity is limited to holding about seven items 

(chunks) of information, processing a few chunks, and holding information for short periods 

of time, instruction should reflectively fit memory limitations (Carlson, Chandler, & Sweller, 

2003; Kalyuga & Sweller, 2004; Moore et al., 2004). Lengthening the time information can 

be processed in working memory is dependent on how the new learning is tied to schemas in 

long term memory. If schemas are “hierarchically organized, domain-specific long-term 

memory structures” that “allow people to categorize multiple elements of information as a 

single higher element”, then prior knowledge affects how one learns and how working 

memory is used (Kalyuga & Sweller, 2004, p. 558).  

Researchers believe “schema construction and automation are the primary functions 

of learning and the learning process may be inhibited if a learner is required to devote limited 

working memory resources to activities that are not directly related to schema construction 

and automation” (Kalyuga, Chandler, Tuovinen, & Sweller, 2001, p. 579). One could state, 

to enable the learner to create meaning, previous schemas should be intertwined with new 

learning material and unnecessary material removed from instruction.  
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Repetition leads to automation. Carlson et al. (2003, p 629) stated that  “after time 

and extensive practice, processing becomes automatic” and “research indicates that 

automatic processing is essential to problem-solving transfer and using learned knowledge in 

new contexts.” Schemas reduce memory load when they are automated because they can be 

treated as one unit. Conversely, when schemas are underdeveloped or not automatic, working 

memory becomes taxed. Due to the limitations of working memory, automatic processing is 

desired because memory resources can be distributed to allow learning to progress with 

minimal effort (Kalyuga et al., 2001). The time required to shift controlled processing to 

automated processing is most likely individualistic, dependent on prior knowledge or 

previous schemas. 

The viewpoint of automated schemas being treated as one element is important in the 

theory of expanding working memory. Researchers postulate that the limitations of working 

memory can be expanded by the “acquisition of long-term working memory” (van Gog et al., 

2005, p. 76). Kalyuga and Sweller (2004, p.559) refer to this expansion of “long-term 

working memory” as unlimited and occurring “when schemas from long-term memory are 

brought into working memory.” If memory can be expanded, than instruction can vary 

according to this new structure, as the learner can accommodate more information than what 

was formally known under the information processing approach to cognition. 

Cognitive Load Theory in Instruction 

Recognizing how instructional methods can influence management of working 

memory to promote schema construction and automation in long-term memory is an 

important part of Cognitive Load Theory (van Gog et al., 2005). Carlson et al. (2003, p. 629) 
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stated that cognitive load theory “assumes that all learning occurs through a very limited 

working memory and an unlimited long-term memory, which is structured into hierarchically 

ordered automated schemas.” Knowledge of how instructional design can impact memory 

resources and schema changes is the underpinning of the theory. 

For more than two decades, Sweller’s research on cognitive load theory in instruction 

has shown how instruction methodology can either improve or hinder learning. Instructional 

design under this theory looks at intrinsic, extraneous and germane cognitive load.  Sweller 

defines the three sources as: “intrinsic cognitive load due to the complexity of the material 

being learned; extraneous cognitive load due to inappropriate instructional techniques; and 

germane cognitive load due to appropriate instructional techniques” (Veronikas, 

Shaughnessy, & LeDoux, 2006, p.70). 

Intrinsic Cognitive Load 

Intrinsic load is typically described as the intellectual complexity of the instructions 

or task that is to be understood by the learner (Carlson et al., 2003; Moreno, 2006) and is 

typically fixed in nature. Intrinsic cognitive load also varies among learners because of prior 

knowledge effects. Researchers van Merrienboer and Sweller (2005) view the interaction 

between instructional materials and background knowledge of the learner as the intrinsic 

cognitive load, so what may be high intrinsic cognitive load to one learner may be low to 

another due to previous schema construction.  Therefore, assessment of a learner is 

appropriate when designing for novice or expert learners.  

Researchers are currently investigating how to lower intrinsic load through 

sequencing and segmenting subjects with high complexity (Moreno, 2006; van Merrienboer 
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& Sweller, 2005;Mayer & Moreno, 2003). An expert has an organized schema or high 

domain knowledge of a subject which allows intricate or complex thinking to occur in 

working memory, while a novice may be immediately overwhelmed. Researchers have tried 

to determine if schema of complex learning can be built by breaking down the higher 

elements to smaller pieces which are taught in isolation. Mayer and Moreno refer to the 

segmentation effect as the breaking down of words and images into “bite-size pieces” 

allowing the learner to control the time to process each piece before moving to the next 

segment (2003). The parts can later be combined in working memory to enable 

understanding. However, developing instruction to accommodate each level of expertise is 

impossible, yet recognition of varying levels should be accounted when dealing with novice 

and expert learners. The lack of using a standardized measurement to define “expert” 

subjects in a study has left the literature at an impasse for determining whether treatments are 

able to lower intrinsic cognitive load through extraneous cognitive load methods (Moreno, 

2006).  

Extraneous cognitive load  

Extraneous cognitive load is related to the cognitive load imposed by presentation 

format. For instance, if the learner has to reorganize material mentally to “make sense” of the 

presented material, resources for learning are used up in the integration process. An example 

of extraneous cognitive load is a textbook with a diagram that is separated from the 

information describing the content of the diagram. The learner views the diagram, reads for 

explanatory information, and then returns to the diagram to “piece together” meaning, which 

imposes extraneous cognitive load. Kalyuga et al. (2001) found that cognitive load could be 
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lowered by physically integrated text and diagrams; Sweller, Chandler, Tierney and Cooper 

also found integrating the text inside the diagram lowers cognitive load (1990).  In 2003, 

Carlson et al. demonstrated diagrammatic instructional presentation as a superior 

instructional format but only for areas high in element interactivity. The diagrams reduced 

the load because the learner was able to store the information simultaneously over 

sequentially. The previous studies suggest extraneous cognitive load can be altered to create 

better learning conditions.  

Extraneous cognitive load, germane cognitive load and intrinsic cognitive load are 

seen as “additive.” By “additive,” one can have high intrinsic cognitive load with content that 

is complex or difficult to learn that is further taxing on memory resources with bad design or 

presentation of the material (extraneous). If the intrinsic cognitive load is high, then good 

design or presentation frees up memory resources to only work with the content. Balancing 

the scales to enable learning is part of designing instruction with cognitive load theory. 

 Sweller’s research with cognitive load theory has uncovered a number of effects 

pertaining to extraneous cognitive load.  Table 1 reviews two of Sweller’s 1998 findings of 

methods to lower extraneous cognitive load that may also effect presentation of software 

training and is an adaptive format of the table presented in van Merrienboer and Sweller’s 

article, Cognitive Load Theory and Complex Learning (2005). 

 Richard Mayer and Roxana Moreno have conducted numerous studies on cognitive 

load, particularly in the area of multimedia learning (2003). Mayer’s cognitive theory of 

multimedia learning recognizes the limitations of working memory and the challenges of 

designing effective instructional design. In addition to limited capacity, the theory of 
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multimedia learning is based on the dual channel assumption and active processing. Dual 

channel refers to the processing of information through either verbal channels or visual 

channels or both. Active processing relates to learning as information taken in through visual 

and verbal channels through attention is organized and integrated with previously learned 

material.   

Mayer and Moreno (2003) discovered several ways of reducing cognitive overload in 

learning with multimedia. Since many web-based training programs use multimedia, Mayer 

and Moreno’s findings are applicable to the instructional design methodology of software 

training. Reduction of extraneous cognitive load can occur through removal of irrelevant 

material, aligning words and pictures (integrated presentation), individualizing according to 

skill level, and synchronizing visual and auditory material by presenting material 

simultaneous over successively.  The load reduction methods for reducing cognitive load are 

included in Table 1 and are adapted from Mayer and Moreno’s article, Nine Ways to Reduce 

Cognitive Load in Multimedia Learning (2003, p. 46).  
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Table 1 
 
Effects of Cognitive Load Theory and their relationship to Extraneous Cognitive Load 
 
Type of Effect 

 
Solution 

 
Why it works 

 
Worked Example effect  

(van Merrienboer & 

Sweller, 2005, p. 151) 

 
“Replace conventional 

problems with worked 

examples that must be 

carefully studied.” 

 
“Reduces extraneous 

cognitive load caused by 

weak-method problem 

solving: focus learner’s 

attention on problem states 

and useful solution steps.” 

 

Split Attention Effect 

(van Merrienboer & 

Sweller, 2005, p. 151) 

“Replace multiple sources 

of information (frequently 

pictures and accompanying 

text) with a single 

integrated source of 

information.” 

 

“Reduces extraneous 

cognitive load because there 

is no need to mentally 

integrate the information 

sources.” 

Coherence Effect 

(Mayer and Moreno, 2003, 

p. 46) 

“Eliminate interesting but 

extraneous material to 

reduce processing of 

extraneous material.”  

“Reduces extraneous load 

because the learner will be 

able to reserve cognitive 

resources for essential 

processing.” 



Texas Tech University, Susan Fulgham, May 2008 

27 

Table 1 (continued). 

 
Type of Effect 

 
Solution 

 
Why it works 

 
Spatial contiguity effect 

(Mayer and Moreno, 2003, 

p. 46) 

 
“Place printed words near 

corresponding parts of 

graphics to reduce need for 

visual scanning.”  

 
“Reduces extraneous load 

by eliminating incidental 

processing.” 

Temporal contiguity effect 

(Mayer and Moreno, 2003, 

p.46) 

“Synchronizing by 

presenting narration and 

corresponding animation 

simultaneously to minimize 

need to hold representations 

in memory.” 

“Reduces extraneous load 

because there is no need to 

hold one representation in 

memory until the other is 

presented.” 

Spatial ability effect 

(Mayer and Moreno, 2003, 

p.46) 

“Individualizing by making 

sure learners are able to 

hold mental 

representations.” 

“Reduces extraneous load 

by matching high-spatial 

learners with high-

multimedia design.”  

 
Note. Adaptated from van Merrienboer and Sweller’s article, Cognitive Load Theory and Complex Learning 
(2005, p.151) and Mayer and Moreno’s article, Nine Ways to Reduce Cognitive Load in Multimedia Learning 
(2003, p.46). 
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Germane cognitive load 

Another type of cognitive load that can be manipulated by the instructional designer 

is germane cognitive load. Germane cognitive load is reflective to the mental process a 

learner experiences when trying to comprehend new material (Brunken, Plass, & Leutner, 

2003). Germane cognitive load is “required for the construction and storage of schemata into 

long-term memory” (Kirschner, 2002). Examples of “good” germane cognitive load that 

enhance the learning process are elaborated worked examples (that include the rationale of 

the process) or the comparison of various worked examples to a given situation (Moreno, 

2006). Again, like intrinsic cognitive load, germane cognitive load is influenced by the level 

of expertise of the learner.  

Researchers van Merrienboer, Plass, and Sweller (as cited in van Merrienboer & 

Sweller, 2005) discussed germane cognitive load as a construct when experiments with 

variability of materials created beneficial effects in schema construction and transfer. 

Basically they found that supportive and procedural information presented together impedes 

learning, while presenting learners with supportive information first and then procedural 

information during practice leads to better learning. A discussion by van Merrienboer and 

Sweller suggested that future studies centering on cognitive load theory should examine if 

providing the learner with pre-knowledge through expert worked examples with articulation 

of the “why” the expert selected this particular method enables better learning of processes or 

better performance. Also suggested was whether “training wheels,” where one blocks 

processes not relevant to learning, promotes the learning of procedural information.   
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In summary, one can state intrinsic load usually cannot be altered but extraneous load 

and germane load can be manipulated by instructional designers to decrease the load on 

working memory (Kester, Kirschner, & Merrierboer, 2005). Adjustments to extraneous load 

may reduce the element load in memory though a variety of venues, such as integrating text 

in diagrams, and through worked examples and completion tasks. Germane cognitive load 

benefits learners through offering diverse set of examples, elaboration of processes, or 

thinking out-loud strategies in problem solving (Clark & Sweller, 2006). Since all three types 

of cognitive load are additive and impact the resources in working memory, Paas et al. 

(2003) reminds instructional designers to carefully find the balance in adjusting each form to 

free enough resources for learning (schema acquisition) to occur. In an overview of the 

literature, Moreno suggests future researchers use valid and reliable measures of cognitive 

load, use a standardized measure of determining expertise, and account for individual 

characteristics. 

Scaffolding 

Although the roots of the meaning of scaffolding are traditionally tied to Vygotsky, 

the conceptual meaning is to enable or support a person in learning a task and removing the 

support when independence is achieved (Xun & Land, 2004).  Scaffolding can be represented 

in a number of behaviors. In an analysis of the literature, Xun and Land note that scaffolding 

can occur outside human representation, such as through cue cards and procedural prompts. 

Metacognitive models, like the Eisenberg and Berkowitz Information Problem-Solving 

model, have been used successfully to assist learners (scaffolding) resulting in higher 

achievement scores than those without the model (Wolf, Brush, & Saye, 2003). In the area of 
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cognitive load, scaffolding is generally relegated to using simple-to-complex sequencing 

(“worked examples initially, followed by completion problems and then full problems”) 

which is referred to as “fading” in some publications (Paas et al., 2003, p.3).  

Worked Examples 

In the 1990’s, an easy way to reduce extraneous cognitive load was found by using 

worked examples (Paas et al., 2003). A worked example method is where the learner studies 

a worked example to emulate an expert’s structured steps to learn how to solve equivalent 

problems. In a study conducted by Tuovinen and Sweller (1999), students who were at the 

novice level in working with databases learned better with worked examples over 

exploration. Paas and van Merrienboer (1994) found training with worked examples had 

better transfer performance, required “ less time” and was “perceived as demanding less 

mental-effort” over conventional problem solving (p. 130). Paas and van Merrienboer 

suggested that it might be feasible to state that using a variety of worked examples promotes 

rule automation and schema acquisition. Other researchers state that worked examples serve 

to assist beginners in forming analogies and abstract declarative rules in the first two stages 

of skill acquisition (Renkl, Atkinson, Maier, & Staley, 2002).  

Limitations of Worked Examples 

Despite the positive advantages with using worked examples with novices, a number 

of studies show a detrimental effect when prior knowledge surpasses the worked example 

(Kalyuga & Sweller, 2004; van Gog et al., 2005). Kalyuga and Sweller found when worked 

examples were paired with similar pre-learned knowledge a redundancy effect occurred that 

resulted in a negative effect on learning. Kalyuga and Sweller construed that requiring an 
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expert learner to reconstruct a task that is already a familiar schema would place an 

unnecessary additional load on working memory; only the new information is needed. 

Kalyuga, Chandler, Tuovinen, and Sweller (2001, p. 580) clarify in stating that “the 

redundancy effect is a cognitive load phenomenon because the elimination of a redundant 

source of information allows limited mental resources to be fully directed to the appropriate 

sources of information that are relevant to schema construction and automation.” Kalyuga et 

al., in 2001, found worked examples to be initially better than conventional problem solving, 

but a reversal become apparent when the level of experience increased. 

Instruction is considered efficient if it results in better performance (Kalyuga et al., 

2001). Because instructional load is dependent on the level of prior knowledge of the learner, 

novices and experts may experience different types of cognitive load. When skill acquisition 

becomes automatic, a level represented by experts, learning by worked examples may not be 

the preferred method (Renkl et al, 2002). Kalyuga and Sweller termed “the expertise reversal 

effect” to portray this inequality of instruction when the instruction set that fits novice 

learning, but not expert, and the instruction set for expert learners does not fit novices (2004, 

p.558). 

To combat the effects of the “expertise reversal effect” an instructional strategy, 

known as “fading” was introduced. As learners become more experienced, support is not 

necessary but should “fade” (Kalyuga et al., 2001). Kalyuga & Sweller (2004) described 

faded worked examples as using fully worked examples that are replaced gradually with 

problem solving exercises (i.e. Two fully worked out examples and then one problem solving  
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exercise, to one fully worked out example and one problem solving exercise, to no worked 

out examples and only problem solving exercises).  

In a study by Renkl et al., where fading was compared to example-problem pairs, the 

fading instructional method was significantly better for learning in near transfer situations 

(2002) however, far transfer by fading is still uncertain. Renkl et al. found that the reduction 

of problem solving errors by the fading method fostered near transfer, but could not 

substantiate this claim for far transfer. Further investigation, perhaps in a multitude of 

situational experiments, may answer the question of what promote far transfer. Definitely 

scaffolding through this method appears to hold promise in managing cognitive load for self-

explanations, far transfer, and authentic learning tasks (Kester et al., 2005; Renkl et al, 2002).  

A few researchers are troubled by a passive learning experience that occurs through 

watching worked examples; there appears to be no deep-processing by the learner (Gerjets, 

Scheiter, & Catrambone, 2006).  Research is exploring various methods to reverse passive 

reasoning processes with worked examples. Kirchner postulated asking the learner to contrast 

and compare the differences of a variety of worked out solutions may prompt the learner to 

engage in critical thinking processes (2002). Requiring the learner to self-explain worked 

examples, a reflective thought process, may also increase germane cognitive load ( Paas, 

Renkl & Sweller, 2004).  

Merrill (2006) advocates a task-centered approach, which is an instructional strategy 

to facilitate the building of schema leading to expertise. For complex tasks, Merrill 

recommends a demonstration (worked example) with either all or part of the task, as 

illustrated executed steps which lead to the completed product.  The consensus appears to 
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recommend worked examples for novice learners in the acquisition stage, to build schema 

leading to expertise. Learners with prior knowledge appear to benefit from working with 

other types of instruction (e.g. fading).  

Mental Effort 

 Mental effort is described as the amount of working memory resources that are being 

used to accomplish a task. Researchers will agree that measuring mental effort is an 

important component in distinguishing whether extraneous cognitive load (or intrinsic 

cognitive load) has been altered through instructional techniques. How to measure this 

construct is a continuing debate (Moreno, 2006). It is not a visual construct thus difficult to 

measure. 

Brunken, Plass and Leutner (2003) cited various methods of measuring mental effort. 

Subjective measures over the learning materials are taken through questionnaires or rating 

scales. Objective measures occur through knowledge acquisition scores or learning 

outcomes. Previous, but not considered successful measurements of cognitive load, were 

time-on-task, eye-tracking analysis, and physiological measures (such as heart rate and eye 

dilation). Possible future measurements with neuroimaging techniques are also a possibility.    

Multimedia learning evokes dual processing because of the forms of visual, audio, 

and combinations of both to contend with in learning.  Brunken, Plass, and Leutner suggested 

using the dual-task approach, whereby cognitive load is measured through primary and 

secondary tasks; the secondary task affecting the performance of the primary task and vice 

versa (2003). Difficulties with designing secondary tasks around the different modalities and 
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the individual differences of the learners can become cumbersome to the researcher; 

however, there lies future promise in this measurement for multimedia. 

Another new measuring instrument for cognitive load theory is the NASA-TLX 

questionnaire. The modified NASA-TLX questionnaire used in a recent study by Gerjets et 

al. (2006); the questionnaire was modified to match variables to the different types of 

cognitive load (intrinsic, germane, and extraneous).  The usage of the instrument to measure 

variables beyond its original construction is arguable and is not currently an acceptable 

testing instrument for mental effort (Moreno, 2006).  

 Some researchers view mental effort and performance relationship to efficiency with 

a motivation component (Paas, Tuovinsen, van Merrienboer, & Darabi, 2005). If learners are 

not motivated, or not interested, then they may not expend much mental effort into a task. 

Incentives to participants in a study may increase motivation. Successful learning of a task 

may also increase motivation but easy accomplished tasks induce boredom. Despite the 

shortcomings in the various measurement instruments, researchers continue to measure.  As 

Brunken, Plass, and Leutner (2003, p.60) adequately stated “no single measure is ideal” but 

some type of measurement should be taken. To claim cognitive load has been increased or 

decreased without measurement leaves only one to conjecture on the significance of the 

study. 

Software Training 

As the infiltration of computing into the culture and working conditions of society, 

software training has found itself paired with many occupations. No longer regarded as a 

specialized field, software training has found itself merged into the domain of regular 
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training for professional and academics (van Merrienboer, 2000). Learning theories are also 

influencing instructional design models for training a diverse learning population. And 

software itself has improved over the years, particularly with improvements in the interface 

and software help systems. 

The majority of software training is composed of systematic instruction aimed to 

create expertise in the user with the software product (Bannert, 2000). When the user is 

repeatedly performing the same action, action schema is being built in long term memory 

(Dutke & Reimer, 2000).  Understanding a software program is relative to developing a 

mental model in the user of how functions are related to achieving a specific goal (Dutke & 

Reimer) and mental models lead to better problem solving capability. Therefore, training 

should focus on creating a competent user, who acquires enough skills to use the software 

product effectively and efficiently (Leutner, 2000).  

Training Wheels  

In the 1980’s, scaffolding for the interface was supported by limiting the user to 

portions of the program over exposure to the complete program. “Training wheels”, where 

menu items are limited in use to control user interaction, were used to aid the user in 

selection of the correct functions and to reduce error in learning (Bannert, 2000). Support in 

this manner was designed to direct the novice to controlled activities with the interface and 

the instructional media; however other researchers, such as Carroll, promoted exploratory 

learning and authentic type learning situations but these were not considered effective 

training methods (Bannert, 2000). Recent research has opted for methods that lower 

cognitive load, such as worked examples with novices and “fading” with expert learners.  
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Training with a combined approach of worked examples and “training wheels” is 

another possibility. This type of presentation is generally defined as an interactive tutorial 

(Charney, Reder, & Kusbit, 1990). The tutorial presents the same worked example, except 

the learner interacts by clicking on the computer screen or by entering information. The 

screen states change as they would in the actual application and the user would observe and 

note these changes. The assumption is that the user will “learn” better this way over reading 

material in a manual, however Charney, et al view this strategy as encouraging mechanical 

reactions but no real thinking or observation occurring in the mind of the learner. 

Training through a tutorial mode is often presented in textbooks or software manuals. 

Users with software manuals with full screen captures have better mental models and 

identification of screen states (Gellevij, van de Meij, de Jong, & Pieters, 2002b). A criticism 

of using textbooks or software manuals is split attention that occurs from looking at the 

screen shot in the manual to the computer monitor, thereby increasing cognitive load.  

Manuals can be recreated in digital format. Tiling two windows, one with the 

application and another with the manual may decrease the split attention effects. Microsoft 

has created a task pane with its products. Experiments with placing the tutorial text inside a 

task pane of the application have not been studied. Extraneous cognitive load with using the 

task pane with tutorial instructions may lead to better learning but studies in this domain have 

yet to be undertaken.    

Conclusion 

Research indicates that cognitive load theory is a factor to consider when designing 

instruction for computer applications since software programs tend to have a high intrinsic 
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cognitive load (Gellevij, van de Meij, de Jong, & Pieters, 2002a). Learners are challenged 

with navigation of the software and the procedures to create results. Learning to recognize 

various screen states is imperative to avoid errors. Computing requires detailed input from 

the user and a conceptual understanding of the product to reach the desired output.  

One of the main facets of training is to support the learner from moving from novice 

to expert. Experts approach problems differently than novices. Experts organize information 

around big ideas, note patterns, and process efficiently due to automation from exposure to 

various problems and solutions (Bransford, 2001). Recognizing patterns allows fluent 

retrieval of relevant knowledge. Furthermore, the ability to categorize various problem 

solving states allows people to determine the most appropriate action in a given situation 

(Kalyuga et al., 2001). Thus, it can be stated that “problem-solving expertise is heavily 

dependent on the presence of domain-specific schemas” (Carlson et al, 2003, p. 629).  

Learning an application is generally learned through tutorials. For novice learners, 

training with worked examples are efficient and effective. Worked examples hold a strong 

track record in empirical research for providing efficiency in learning. Worked examples can 

appear in different formats, including but not limited to: software manuals, simulated 

interactive tutorials, computer-based training, video, or instructor lead demonstrations. 

Which type of worked example presentation that increases expediency in learning an 

application without increasing cognitive load remains to be explored in future studies. 
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CHAPTER III 
 

METHODOLOGY 
 

Design and Participants 

The purpose of this study was to determine the effects of varying levels of 

instructional support through worked example type (full, partial or minimal) on college 

students’ retention and application of procedural knowledge during computer-based software 

training. The experiment was a one factor design with three levels; the factor was 

instructional support and the levels were in worked example types (full, partial, or minimal). 

Each participant was randomly assigned to one of the three treatment types used in this study. 

The dependent variables were procedural performance, invested mental effort, and 

performance efficiency.  

The study was conducted using a convenience sample of college students enrolled in 

a large undergraduate course in computer literacy at Texas Tech University.  The participants 

were predominantly freshmen and sophomores with an age range from 17 to 21 years old, 

and represent a variety of disciplines.  Enrollment for the computer literacy course averages 

around 1,000 per semester. With Institutional Review Board approval (Appendix A), 114 

students were initially used for data collection; however 57 subjects were lost due to a 

number of problems. Seven participants left early in the study due to scheduling conflicts. 

Ten participants missed at least one day of the study so their data was not used. There were 

15 data files that were lost, either they were not saved correctly to the hard drive or they were 

permanently lost from the network. In the sessions where laptops were used, several laptops 

had both software and hardware issues which contributed to the loss of 12 participant’s data. 
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(The memory capacity of some of the laptops did not allow the user to run concurrent 

applications, thus many of the laptops would freeze or run too slowly for the participant to 

successfully complete the exercises.  Other laptop problems included missing plug-ins for the 

browser to play Flash movies and a wireless request “pop up” window that interrupted 

successful completion of the exercises.) Last, 13 participants failed to follow the instructions 

and their data was unusable due to using the wrong files, not completing the practice 

exercise, and not completing the mental effort rating scales. After removal of the unusable 

files, there were 57 complete data sets for the statistical results of this study. 

Participation was voluntary and students were given extra credit for their 

participation. Students who enrolled in EDIT 2318 were eligible to sign up for extra credit. 

Students who decided to volunteer were unaware of the purpose of the research when they 

initially signed up but could decline to continue to be a participant at any time during the 

study. 

Materials 

The treatment materials used in this study consisted of two computer-based 

instructional lessons, six full worked examples, six partial worked examples, and six minimal 

worked examples. 

The two instructional lessons over Microsoft Access, a software database product, 

were developed from the textbook Microsoft Office XP by Pasewark and Pasewark, Course 

Technology, 2002. The textbook chapters, Creating and Modifying Forms and Finding and 

Ordering Data, were converted from printed material to multimedia Flash presentations.  
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The software product, Macromedia’s Captivate, was used to develop the instructional 

lesson, Creating and Modifying Forms.  The software product, Qarbon’s Viewlet, was used 

to create the lesson Finding and Ordering Data. Viewlet is another screen capturing product 

which creates Flash presentations. The original text of the chapters contained declarative 

information and procedures (step-by-step) for each command used to work with data in a 

database. The text was presented in the Flash presentations with screen shots illustrating the 

context of the paragraphs. Captions and animation were used to display the procedural 

information.   

Lesson 1. The content for the instructional lesson, Finding and Ordering Data, 

introduces the user to using a set of commands (find and query) to find data and the sort 

command to organize data. A warehouse database is used to located products. The find 

command locates specific information in the database, such as how many fax machines are in 

stock. A query allows the user to search records using complex criteria and to display 

selected fields. A query wizard is used to find products. A query in design view has better 

control in what criteria to search for, such as finding only products that have less than three 

units in stock. Filters, like queries, allow the user to search by fields and to use the sort 

command to sort records. An example of using the filter would be locating furniture and 

arranging the stock from lowest price to highest price. The lesson covers the procedures of 

each command and how to save a query. (Queries, unlike filters, can be saved and reused.) 

Sorting data, ascending or descending, is shown to the learner. The lesson includes setting a 

primary key (a unique identifier of a record) and using the primary key to create relationships 

between tables. The lesson concludes with instructions on how to use a multitable query to 
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search for data in more than one table. (Tables are data structures that organize data in rows 

and columns.) 

Finding and Ordering Data, consists of 83 slides. The viewing time was 20 minutes. 

The lesson is automated, but includes a start, pause, and exit button located at the bottom of 

the screen. 

Lesson 2. The chapter, Creating and Modifying Forms, introduces the learner to 

concepts and procedures of using the form wizard, design view, and navigation of records. 

The wizard provides a quick easy way to create a form by asking questions on the type of 

fields, layout and format and then creates the form from the answers given. Forms can also 

be modified in design view. Design view allows the user to customize by placing fields on a 

blank form, arranging the layout as desired. Navigation techniques for moving through 

records are shown. Modifications to a form, such as adding a label, are made using the 

Toolbox. The lesson also covers using calculated controls, which use mathematical 

expressions to calculate data values for fields; the procedure demonstrates adding an 

employee bonus field, and displaying the field as currency. The lesson concludes with 

instructions on how to compact and repair a database that has become fragmented.  

The instructional lesson, Creating and Modifying Forms, has 149 slides and has a 

viewing time of 16:01 minutes. Although the lessons are automated, there is a learner control 

start, pause, and exit button located at the bottom of the screen. The integrated design 

approach in presentation prevents the split attention effect and may lower the cognitive load 

of the procedural information (van Merrienboer, Kirschner, & Kester, 2003). 
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Treatment conditions: Worked Example Types 

After each instructional lesson the participant was presented with one of three 

treatment conditions (full, partial, or minimal) consisting of varying levels of instructional 

support presented through different types of worked examples. The worked examples, full 

and partial, were created with Macromedia’s Captivate, a Flash animated presentation tool.  

Tuuovinen and Sweller (1999) describe a worked example as an “annotated step-by-step 

example of the way the problem could be solved with computer-screen views seen by the 

operator working to obtain the solution” (p.337).  

 The participants in the full condition viewed three worked examples for Finding and 

Ordering Data and three worked examples for Creating and Modifying Forms. The 

participant in the partial condition viewed the same worked examples except with the 

exception of interacting by clicking on the screen to mimic where a button is pressed. Instead 

of viewing the screen shots through a presentation, participants in the minimal condition 

followed the same procedural steps displayed in the prior worked examples with the product, 

Microsoft Access. The procedural steps were presented in Microsoft Word, tiled on the 

monitor screen with Microsoft Access. Further description of each treatment is discussed later 

in the paper. 

 Content. The three worked examples for Finding and Ordering Data demonstrate 

procedures using the Find tool, queries, filters, and sorting using a real estate database called 

Houses. In the first worked example for this lesson, Project 4-1, the find command is used to 

find houses made of wood and a query is created and saved to display houses with two 

bedrooms. In the second project, Project 4-2, the Houses database is used to sort houses in 
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price and to create a filter to display and print the results of houses sold by a particular agent. 

Project 4-3 has the procedures for creating and printing a filter for three bedroom houses, 

sorted by price.  

The three worked examples for Creating and Modifying Forms cover procedures on 

form creation and modifications of records. The first worked example, Project 3-1, displays 

form creation and modification of records. In the second example, Project 3-2, the toolbox is 

used to add labels and a checkbox to a form. In Project 3-3 the participants viewed a worked 

example on creating, printing, and saving a form. The steps to compact and repair a database 

conclude the demonstration. All content for the worked examples was developed from the 

same textbook as the instructional lessons.   

Description of treatments 

Treatment 1. The full support worked examples condition, consists of screen shots 

from the application Microsoft Access with annotated captions (see Figure 3.1). The full 

support condition is a complete worked example, which means the participant watched an 

animation of procedures that provided a solution for a particular problem.   
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Figure 3.1: Full Support Worked Example.  
 

Treatment 2. The second condition, partial support, represents a type of “training 

wheels” worked example. Similar to the first condition, screen shots with captions are used, 

but instead of viewing a demonstration, the participant clicked the mouse on a “hotspot” or a 

predefined area of the screen. For instance, in the procedure of saving a file, Treatment 1 

would demonstrate the mouse first selecting the file menu. Treatment 2 differs, in that the 

participant needed to click the mouse on the file menu (the “hotspot”) to allow the 

presentation to progress to the next slide. A caption directs the participant to the area on the 

screen where the hotspot is located. An error message redirects the participant with the same 

message if the participant fails to click on the correct area of the screen (see Figure 3.2). If 

the user missed the hotspot after two attempts, the presentation automatically moves to the 

next slide.  Viewing time for the second treatment may vary per individual according to error 
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rate and the speed of locating and clicking on the “hotspot”, however, the timing closely 

matched the first treatment. 

Treatment 3. The third condition represents the “minimal” condition. Instead of 

viewing a worked example, the participant used the standard interface of Microsoft Access 

and the text from the captions from the worked example, displayed in Microsoft Word. To 

avoid possible split attention effects, the two Microsoft applications, Access and Word, were 

tiled on the computer screen (Figure 3.3). The participant followed the instructions in the 

Word file to duplicate the worked examples instructions. An example would be “Click on the 

File menu” or “Click the Forms button.” 

 

 

Figure 3.2: Partial Support Worked Example 
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Figure 3.3: Minimal Support Worked Example 
 

Timing and Number of Slides. Timing and number of slides varied per treatment (see 

Table 2 and Table 3). The first and second treatments are relatively close in the number of 

slides presented and timing. Interactive presentations, Treatment 2, usually have more slides 

due to the participant having to click on screen shots that may be animated in the first 

treatment. Also, an additional slide with directions on how to interact with the presentation is 

included in the second presentation. In Treatment 3, although the researcher prepared in 

advance to minimize the two applications (Microsoft Word and Access) on the task bar, 

participants were given instructions and a brief demonstration to on how to launch two 

applications, locating files on the desktop, and printouts from the exercises; additional time 

was not provided to accommodate these differences due to time restraints and scheduling of 

classroom reservations. 
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Table 2 
 
 Lesson 1 Worked example presentation (number of slides / viewing time) 
 

Worked Example Treatment1 Treatment 2 

3-1 56 slides / 5:00 minutes 58 slides / 4:34 minutes 

3-2 48 slides / 4:55 minutes 58 slides / 4:34 minutes 

3-3 32 slides / 2:54 minutes 34 slides / 3:05 minutes 
 
Note. Treatment 1= Full Worked Example; Treatment 2 = Partial Worked Example 

 
Table 3 
 
Lesson 2 Worked example presentation (number of slides / viewing time) 

Worked Example Treatment1 Treatment 2 

4-1 70 slides / 5:41 minutes 68 slides / 4:54 minutes 

4-2 54 slides / 4:43 minutes 60 slides / 3:56 minutes 

4-3 73 slides / 5:39 minutes 77slides / 4:50 minutes 
 
Note. Treatment 1= Full Worked Example; Treatment 2 = Partial Worked Example 

Camtasia. Camtasia is a screen recording program. Participants used Camtasia to 

record their mouse movements when completing the practice and achievement tests. The 

screen recording software assisted the researcher to view the performance, error rate and 

completion time of each participant. 

Criterion Measures 

The criterion measures include practice exercises or problems, an achievement test, 

mental effort rating surveys, and a computer skill and demographic survey.   

Practice Problems. A variety of practice exercises or problems based on the 

procedural steps demonstrated in the worked examples were selected by the researcher from 

two textbooks. The practice exercises were based on exercises from the Pasewark textbook. 
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The textbook Go! With Microsoft Office 2003 (Gaskin, 2005) was used to provide alternate 

examples for the forms exercises. The publisher’s instructor resource CD only includes 

solutions to the projects, and leaves assessment open to the instructor for the projects. 

(Although testing materials are available in multiple choice form, this type of testing does not 

assess performance.)  The Lesson 1 exercises covered the find command, filters, queries, and 

Lesson 2 covered forms (Appendix B and C).  

Lesson 1 Practice Problems: 

Participants could acquire a maximum of 11 points from the Lesson 1 practice 

exercises. Students received credit if the assigned task was accomplished. Error rates were 

noted by incorrect results. Recorded time started when the database opened and ended when 

the final task was completed. 

A credit value of one point for the Find command was given if the student located 

both December listings in the table. Students were given half credit (.5) if they selected the 

Whole Table from the Look In: dropdown menu because this method would display the 

houses listed in December. However, in a more complex table, this selection might display 

the word “December “in other fields, which would cause the learner to sort or re-correct the 

error.  

Errors were counted as incorrect displays. If the Find Next button was pressed and a 

listed house in December did not display, an error was counted. Students who started the task 

and cancelled before pressing the Find Next button were not counted as errors.  

The query was the second section of the Lesson 1 practice problems. Students were 

given credit if the query displayed the Address, List Date, Price (sorted from most to least 
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expensive), and Agent fields (for the agents Bertinelli and Schultz). Students could earn up to 

five points in the query task. Points were awarded by completing the following tasks: 

• Select design wizard  - 1 point 

• Select correct fields – 1 point 

• Sort the price field in descending order – 1 point 

• Type the agents in the criteria field – 1 point 

• Run the query and display the correct results – 1 point 

Variations occurred, such as using menus over buttons on the toolbar or right clicking 

to use a short menu. Variations are not counted as errors. If the student started the task over 

but had the components correctly selected before pressing the run command, errors were not 

counted. Only incorrect displays from a query or errors where the student tried to use another 

command, such as the filter or sort command were counted as errors.  

The filter section had five tasks. Students were given credit if a filter displayed 

houses sorted from most to least bathrooms and the price from least to most expensive. A 

total of 5 points could be earned in this section.  One point was awarded for each of the 

following tasks:  

• Selecting advance filter-sort 

• Select correct fields 

• Sort bathrooms in descending order 

• Sort price in ascending order 

• Run filter and display correct results 
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Variations occurred, such as using menus over buttons on the toolbar or right clicking 

to use a short menu. Variations are not counted as errors. If the student started the task over 

before pressing the filter command, errors were not counted. Only incorrect displays from a 

filter or errors where the student tried to use another filter command were counted as errors. 

Students who used a query, sort buttons, or other incorrect means of obtaining results were 

counted as errors. Cronbach’s alpha on this measure was .66. 

Lesson 2 Practice Problems: 

Practice problems for the first exercise of Lesson 2 consisted of five tasks on building 

and navigating forms in Microsoft Access. Students accumulated one point for successful 

completion of the following tasks for a maximum of five points: 

1. Create a form by clicking the New button and AutoForm:Columnar  

2. Navigate to the last record using the correct button 

3. Navigate to the previous record using the correct button 

4. Navigate to the first record using the correct button 

5. Navigate to the 9th record by typing 9 and pressing the Enter key on the keyboard  

Recorded time started when the database opened and ended when the final task was 

completed. 

There were four main tasks for the second exercise portion of Lesson 2: 

1. Select Create Form by using New -> Form; alternative is to use the form wizard. 

2. Move all fields to the selected field’s column. (Press the >> key.) 

3. Switch to Design View and add a label to the form. 

4. Switch to View label on form. 
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  Participants received one point per completed task. Participants who took an alternate 

route of creating the form using the form wizard instead of New – Autoform were awarded a 

half point, as this process would create the necessary form but was not the most efficient 

method. 

Also some participants used the previous (back) and next record (forward) buttons to 

find records over the navigation buttons. This method was considered unacceptable, as it 

does not demonstrate the user’s knowledge of the record navigational buttons, and no points 

were awarded. Four points could be accumulated for the second section; a total of nine points 

maximum on this measure.  Cronbach’s alpha on this measure was .77. 

 Achievement Test. Instrumentation to measure achievement includes a publisher’s 

(Course Technology) unit review over Access. The achievement posttest consisted of an 

instrument designed to measure student ability to apply the content of the instructional 

material over Microsoft Access. The posttest consisted of four project items, which were 

from the unit review section of the publisher materials for the textbook Microsoft Office XP 

by Pasewark and Pasewark (Appendix D). The posttest required the user to (1) create a form, 

(2) sort a table, (3) create a query, and (4) create a filter.  

 In the first project item, creating a form, participants could receive three points (one 

point per task) for the following tasks: 

1. Selecting the correct form wizard 

2. Entering the correct fields 

3. Entering a title 
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In the second project, sort a table, participants could receive a total of two points: one 

point for selection of the correct column and one point for sorting the column correctly.  In 

the third project, participants were to build and run a query for a total of four points. Points 

were allotted for (1) entering the correct fields, (2) correct criteria, (3) saving the query 

correctly, and (4) running the query and displaying the correct results.  

The last project covered filters. Participants could receive a point for selecting the 

correct data and a point for selecting the correct filter; two points total.  The maximum points 

a participant could get in this measure was eleven points. The reliability, Cronbach’s alpha, 

for the achievement test was .72. 

Mental Effort Rating Scale. Mental effort is related to the amount of memory 

resources one uses in processing a task and can be measured subjectively (Paas & Van 

Merriënboer, 1994). A nine point Likert scale, from very, very low mental effort (1) to very, 

very high mental effort (9), was used by Paas and Van Merrienboer in 1994, and deemed a 

successful way to measure cognitive load (Cronbach’s alpha .82) . Clarke, Ayres, and 

Sweller used a seven point Likert scale to measure mental effort, with the options: 1. 

extremely easy, 2. very easy, 3. quite easy, 4. neither easy nor difficult; 5. quite difficult, 6. 

very difficult, and 7. extremely difficult. This study used a seven point Likert scale. The 

participants completed a mental effort rating scale with each practice exercise The 

Cronbach’s alpha for this measure was .81(Appendix E).  
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Efficiency. The relative condition efficiency formula, developed in 1993 by Paas and 

Merrienboer (as cited in Touvinen & Sweller, 1999), is 

 Mean z score of mental effort rating 
-Mean z score of performance scores 

Efficiency =       √ 2   . 

Efficiency scores were constructed using the standardized mental effort ratings scores and the 

standardized scores from the practice exercises and the achievement test. 

Survey. Survey information of computer use and demographic information consisted 

of gender, academic status, age, computer skills (5 = expert to 1 = novice), hourly internet 

use, and how the participant uses the time on the internet; research, news, entertainment, or 

communication. Additional questions on whether the participant is familiar with Microsoft 

Access and how many computer courses the participant has previously taken were included 

to determine prior knowledge of the application and computer knowledge (Appendix F). 

Procedure  

There were six sessions with approximately 15 – 25 participants per session. All of 

the sessions were conducted in a controlled environment; three sessions were in the 

university’s computer lab and three sessions were in a classroom with laptops. The computer 

lab consists of twenty five IBM computers with 17” monitors, which share a networked 

printer. There were 20 laptop computers, which were set up to match the same software 

components as the computer lab.  Each computer has installed Windows XP, Microsoft 

Office 2003, Camtasia, and the digital materials required for each treatment. The treatments 

were evenly distributed in the computer lab so that no two computers containing identical 

treatments will be next to each other. Each computer station was assigned an identification 
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number to identify the computer location, the type of treatment each participant received in 

the study (A = full support, B = partial support, and C = minimal support), and session 

number. An identification number of 1A2 would indicate the participant was seated at 

computer 1, received the full support treatment (Treatment 1), and was in the second session.  

Packets containing a consent form, survey, procedural instructions for each lesson, 

written practice exercises, and mental effort rating sheets, were distributed to each computer 

station. Each packet and its contents were labeled with the same number assigned to each 

computer, designating the treatment the participant received. 

Participants were allowed to choose a computer (randomly seated), however, 

participants were spread out to evenly distribute the number of treatments. An introduction to 

the type of lesson and the research project was given by the researcher before the participants 

begin the study (Appendix G). The researcher will also allot approximately 10 minutes to 

answer questions, demonstrate how to start and stop Camtasia, and instruct participants on 

how to access the treatment materials. Participants were asked to read and sign the consent 

form inside their packet, if they elected to be a part of the research. Participants who 

consented were asked to complete the demographic survey (5 minutes). 

Session 1 – 1 hour (Day 1). Participants in the full support worked example group 

watched the computerized lesson, Finding and Ordering Data (20 minutes), viewed the full 

support worked example for Finding and Ordering Data (19:12 minutes), and then had 20 

minutes to complete the practice problems with Microsoft Access.  

Participants in the partial support worked example watched the computerized lesson, 

Finding and Ordering Data (20 minutes), viewed the partial support worked example for 
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Finding and Ordering Data (approximately 16 minutes), and then had 20 minutes to 

complete the practice problems with Microsoft Access.  

Participants in the third treatment, no worked example, watched the computerized 

lesson, Finding and Ordering Data (20 minutes), were allowed the remaining time to 

complete the worked example instructions with the application Microsoft Access for Finding 

and Ordering Data, and to complete the practice problems with Microsoft Access.  

After each practice problem, participants will record the perceived amount of mental 

effort that they invested in the problem (Paas & van Merrieninboer, 1994).  

Session 2- 1 hour (Day 2). Participants in the full support worked example group 

watched the computerized lesson, Creating and Modifying Forms (16 minutes), viewed the 

three worked examples for Creating and Modifying Forms (12:49 minutes), and then had 20 

minutes to complete the practice problems with Microsoft Access.  

Participants in the partial support  worked example watched the computerized lesson, 

Creating and Modifying Forms (16 minutes), viewed the partial support  worked example for 

Creating and Modifying Forms (12:13 minutes), and then had 20 minutes to complete the 

practice problems with Microsoft Access.  

Participants in the third treatment, minimal worked example, watched the 

computerized lesson, Creating and Modifying Forms (16 minutes), and were allowed the 

remaining time to complete the worked example text instructions with the application 

Microsoft Access for Creating and Modifying Forms, and to complete the practice problems 

with Microsoft Access.  
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After each practice exercise, participants will record the perceived amount of mental 

effort that they invested in the problem solution (Paas & van Merrieninboer, 1994).  

All participants were asked to return the packets at the end of each practice period. A 

record (sign in sheet) was kept of packet identification labels and participant names to match 

participants with treatments for each phase (days or sessions). This record was destroyed 

after the testing phase was completed. 

Session 3 – 30 minutes (Day 3). Participants returned the following week, one week 

from the first session, to complete a posttest over the Microsoft lessons. Participants 

collected the comprehensive review testing component (paper copy inside a packet) when 

they arrived from the researcher. The previous week’s sign in sheet allowed the researcher to 

match participants with their assigned packet identification label. The start and end times 

were recorded with Camtasia and on the paper copy of the testing component. The packet 

was used to hold printouts from mental effort ratings.   

Data Analysis 

  The data collected from the achievement tests and surveys was analyzed using 

SPSS© statistical software. The design of this quantitative study applies descriptive and 

experimental methodology. According to Creswell (2002) descriptive statistics allow 

information to be presented by the researcher from the data to determine trends and the 

distribution of the data. The measures of central tendency (means), variability (standard 

deviations), relative standing (percentiles), and frequencies from the demographics section of 

the survey can assist the researcher in the initial phases of analysis and give a picture of the 
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sample population of this study. The descriptive statistics for each group, mean scores, were 

tabulated and box plots were used to look for outliers in the data. 

Inferential statistics were used to analyze the data for hypothesis testing. The 

independent variable of the worked examples were categorical, while the achievement scores 

are continuous. This one way design will be analyzed with an ANCOVA (analysis of 

covariance). The analysis of covariance controls for the covariate of prior knowledge. All the 

statistical tests will be set at an alpha level of p< .05. The significance level (alpha) is the 

level at which the research has set to reject the null hypothesis and avoid making a Type I 

error.  

Summary 

Computer application instruction is usually evaluated through multiple choice testing 

and application projects in school settings. Corporate environments, concerned with 

performance issues, desire training that is not only effective, but efficient. If a method results 

in lower error rates, minimal time, and effective learning, both academic and corporate 

environments benefit. This study examines whether worked examples can benefit 

performance or application assessment. Worked examples vary in presentation and method. 

Finding the most effective worked example for better learning in software application 

training was the focus of this study.  
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CHAPTER IV 

RESULTS 
 

The results pertaining to the study are reported in this chapter. A descriptive analysis 

of the participants is included. The inferential analysis is discussed in regards to the research 

questions. The analysis was completed with SPSS 11 for Windows. All statistical analyses 

used the alpha value of .05 unless otherwise noted. 

Purpose of the Study 

The purpose of the study was to find out which level of instructional support, 

presented by worked example type, resulted in improved performance and efficiency in 

learning from a software application training module.   

Research Questions 

1. What are the effects of the degree of instructional support in worked examples 

(full, partial, or minimal) on college students’ retention and application of 

procedural knowledge during computer-based software training? 

2. How does the degree of instructional support in worked examples (full, partial, or 

minimal) affect mental effort ratings by students on practice problems? 

3. How does the degree of instructional support in worked examples (full, partial, or 

minimal) affect the instructional efficiency of students? 

Participant Characteristics  

The study consisted of 114 participants enrolled in a self-paced computer literacy 

course offered at a large southwestern public university. The research design consisted of a 

one factor (instructional support) design with three levels; full worked example, partial 
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worked example, or minimal worked example. Participants were randomly divided between 

the three worked example levels.  

There were initially 114 participants but only 57 complete data sets (57 participants) 

were used for the statistical portion of the study. Data loss, computer problems, non-

completion of the practice exercises, and attrition were the reasons of the removal of 57 

participant data from the study.  There were 20 participants in the full worked example, 19 

participants in the partial worked example, and 18 participants in the minimal worked 

example condition (see Table 4). The percentage distribution for the sample was 35% in the 

full example condition, 33% in the partial condition, and 32 % in the minimal condition. 

There were 25 (44%) male and 32 (56%) female participants in the study.  

 

Table 4 
 
Demographics of the sample by gender 
     
Participants Full Partial Minimal Total 
     
 n=20 n=19 n=18 N=57 
     
Male 10 9 6 25 
     
Female 10 10 12 32 
     

 

Table 5 displays the classification of the participants. Only 8 % of the participants 

were of senior classification; the dominating classifications were the freshman class (35%) 

and sophomore class (32%), with the junior class at 11%.  The bulk of the participants (96%) 

were between the ages of 17 and 26. The participants were a fairly skilled group, with a 
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majority of the participants rating their computer skill level at average (60%) or advanced 

(33%), leaving the remaining participants evenly divided on limited (4%) to expert level 

(4%). 

 

Table 5 
 
Demographics of the sample by academic classification 
     
Participants Full Partial Minimal Total 
     
 n=20 n=19 n=18 N=57 
     
Freshman 6 6 8 20 
     
Sophomore 7 6 5 18 
     
Junior 5 2 4 11 
     
Senior 2 5 1 8  

 

With the pervasive nature of computers in high school and business, the opportunity 

for participants to be exposed to Microsoft Access was probable. Therefore, the participants 

were asked to rate their skill level with the Microsoft Access product. Table 6 displays the 

frequencies of novice to expert users: 17 novices, 21 limited, 17 average, and 2 advanced. 

With about a third of the participants reporting themselves above average, the decision was 

to use the skill level, expert to novice, as a covariant. 
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Table 6 
 
Experience with Microsoft Access 
     
Participants Full Partial Minimal Total 
     
 n=20 n=19 n=18 N=57 
 
Novice 8 4 5 17 
     
Limited 6 7 8 21 
     
Average 5 8 4 17 
     
Advanced 1 0 1 2 
     
Total 20 19 18 57 

 

The results for the practice exercises and achievement test are discussed in the 

following paragraphs. 

Practice Exercises 

The query practice exercise covered knowledge of the find command, running a 

query, and constructing a filter. The form practice exercises consisted of creating forms, 

finding records, and modifying created forms.  Cronbach’s alpha for reliability for the query 

exercise was .664 and form exercise was found to be .771. Since the query and form 

exercises were completed immediately after the training content during the first week of the 

experiment, it was determined by the researcher to run one-way multivariate analyses of 

covariance (MANCOVA) to test the population means for the dependent variables,  (1) 

performance scores - query and form (2) error rates – query and form, and (3) time –query 
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and form , across all groups (the three levels of instructional support -full worked example 

partial worked example, and minimal worked example). The significance level was set to .05.  

Performance Scores. A one-way multivariate analysis of covariance (MANCOVA) 

was conducted to determine the effect of the level of instructional support on the 

performance scores of the practice exercises (query and form). The means and standard 

deviations for the error rates are presented in Table 7. The preliminary multivariate test for 

homogeneity of dispersion, Box’s Test, showed the covariance matrices of the dependent 

variables were equal across groups, F(6,69012) = 1.49, p = .18.  

 

Table 7 
 
MANCOVA Means and Standard Deviations for Performance Scores 

  
 

Condition 
Dependent variable Full Partial Minimal

Query Performance Scores    

M 4.88 6.05 6.53

SD 2.47 2.61 3.11

Form Performance Scores    

M 5.15 6.00 6.72

SD 2.35 1.45 2.27
 
Note. Maximum score for the Query full condition = 8.5 (range 7.5); partial = 10 (range 9); minimal = 11 (range 

9.5). Maximum score for the Form full condition = 8 (range 8); partial = 9 (range 5); minimal = 9 (range 8). 
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Table 8 shows the results for the MANCOVA on the practice exercises. The 

MANCOVA was not significant, Wilks’s Λ = .88, F (4, 104) = 1.71, p = .15, partial η2 = .06. 

The results support the null hypothesis that the population means on the dependent variable 

are the same for the three levels of instructional support.  The strength of the relationship 

between the instructional support (treatment) and the dependent variable (performance score) 

was moderate, as assessed by a partial η2 , with the independent variable accounting for 6% 

of the variance of the dependent variable, holding constant the covariate. No follow up 

univariate tests were conducted due to the lack of significance on the MANCOVA.  

 

Table 8 
 
 MANCOVA Results for Practice Exercises - Performance Scores 

Source   Value F Sig. 

 
Partial Eta  

 
Squared 

 
Access 
 
 Skill  

Wilks'  
 
Lambda 0.982 0.468 0.629 0.018 

      

Treatment 

Wilks'  
 
Lambda 0.880 1.714 0.152 0.062 

 
Note. No significance found at the .05 level. 
 

Error rate. A one-way multivariate analysis of covariance (MANCOVA) was 

conducted to determine the effect of the level of instructional support on the error rates of the 

practice exercises (dependent variables query and form). Table 9 displays the means for the 
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error rate .The means of the number of errors adjusted for initial differences varied across the 

treatment groups of instructional support. The minimal worked example group had the 

smallest mean or the fewest errors, compared to the partial worked example group or the full 

worked example group.  

 
Table 9 
 
MANCOVA Means and Standard Deviations for Error rate 

    
 
Condition 

Dependent variable Full Partial Minimal
 
Query Error rate    

 
M 15.35 12.63 4.56
 
SD 11.55 6.77 3.35

 
Form Error rate    

 
M 7.90 6.89 4.83
 
SD 9.38 7.29 3.26

 
Note. Maximum errors for the Query full condition = 47 (range 46); partial = 31 (range 27); minimal = 10  
 
(range 10). Maximum errors for the Form full condition = 39 (range 39); partial = 32 (range 32); minimal = 10  
 
(range 10). 
 

The preliminary multivariate test for homogeneity of dispersion, Box’s Test, was 

significant, indicating there are differences in the  covariance matrices of the dependent 

variables, F(6,69012) = 5.66, p < .01. Interpretation of the results of the ANCOVA invites 

caution due to the violation of the multivariate normality. 

As shown in Table 10, the MANCOVA results were significant, Wilks’s Λ = .72, F 

(4, 104) = 4.57, p < .01. The null hypothesis is rejected; there is a difference between means 
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of the three levels of instructional support. The multivariate η2 based on Wilks’s Λ was very 

strong, with the independent variable accounting for 15% of the variance of the dependent 

variable, holding constant the covariate, Access skill.   

 

Table 10 
 
 MANCOVA Results for Practice Exercises-Error Rate 

Source   Value F Sig. 

 
Partial Eta  

 
Squared 

Access Skill 

 
Wilks'  
 
Lambda 0.980 0.532 0.591 0.02 

      

Treatment 

Wilks'  
 
Lambda 0.723 4.574  0.002* 0.15 

 
*p < .05. 
 

Query Error rate:  

Separate analyses of covariance (ANCOVA), on each dependent variable (query and 

form error rates), were carried out as a follow-up tests to the significant MANCOVA to 

check for differences between groups, levels of instructional support. Descriptive statistics 

were examined on the query error rate (see Table 11). The minimal worked example group 

has the smallest mean (M = 4.57) or the fewest errors, compared to the partial worked 

example group (M = 12.54) or the full worked example group (M = 15.43).  
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Table 11 
 
Dependent Variable Means and Standard Deviations for Query Error rate  

    
 
Condition 

Dependent variable Full Partial Minimal
 
Error Rate    

 
M 15.43 12.54 4.57
 
SD 1.83 1.88 1.92

 
Note. Maximum errors for the Query full condition = 47 (range 46); partial = 31 (range 27); minimal = 10 
(range 10).  
 

 Table 12 contains the results of the ANCOVA on the error rate for the query 

exercise. The ANCOVA was significant, F (2, 53) = 8.87, MSE = 590.93, p < .01. The 

strength of relationship between the type of the instructional support and the number of errors 

was very strong as assessed by a partial η2, with the independent variable accounting for 25% 

of the variance of the dependent variable, holding constant the covariate, Access skill.  
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Table 12 
 
Analysis of Covariance for Query error rate 

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

Access Skill 1 16.808 0.252 0.618 .005 
 

Between Subjects   
 

      
Treatment 2 590.934 8.866 0.000* .251 
      
Error 53 66.653      
 
*p < .05. 
 

Follow up tests were conducted to evaluate pairwise differences among these adjusted 

means (see Table 13). The Bonferroni procedure was used to control for Type one error 

across the three pairwise comparisons. There was significance between the minimal 

condition and full condition, significance between minimal and partial conditions, but no 

significance between partial and full conditions.  
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Table 13 
 
Query Error rate Pair wise comparisons by treatment  
    
Treatment 1 2 3 
 
1. Full -- 2.86 10.86* 
 
2. Partial  -- 7.98* 
 
3. Minimal   -- 
 
*p < .05. 
 

The significance of the results should be carefully considered as the assumptions for 

the ANCOVA were not met in all preliminary tests. While the test for homogeneity-of-slopes 

was met, Levene’s test of equality of variance did not support the null hypothesis that the 

error variance of the dependent variable was equal across groups, F (2, 54) = 5.81, p = .005. 

Form Error rate: 

The second dependent variable to check for differences among groups was the form 

practice exercise. The means for the error rate on the form practice exercise are displayed in 

Table 14. The means of the number of errors across the treatment groups of instructional 

support were comparable to the previous query exercise, as the minimal worked example had 

the lowest error rate.  The minimal worked example group had the smallest mean (M = 4.83), 

while the partial worked example group (M = 6.89) and the full worked example group (M = 

7.90) incurred higher means.  
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Table 14 
 
Dependent Variable Means and Standard Deviations for the Form Error rate 

    
 
Condition 

Dependent variable Full Partial Minimal
 
Form Error rate    

 
M 7.90 6.89 4.83
 
SD 9.38 7.29 3.26

 
Note. Maximum errors for the Form full condition = 39 (range 39); partial = 32 (range 32); minimal = 10 (range 
10). 
 

The ANCOVA was found not significant, F (2, 53) = 1.30, MSE = 53.07, p = .28, 

partial η 2 = .05. The strength of relationship between the type of the instructional support 

and the number of errors was moderate, as assessed by a partial η2, with the independent 

variable accounting for 5% of the variance of the dependent variable, holding constant the 

covariate, Access skill. 

Results for the error rate of the form exercise should be considered cautiously as 

assumptions for the ANCOVA were not totally met.  As found in the previous exercise, 

Levene’s test of equality of variance did not support the null hypothesis that the error 

variance of the dependent variable was equal across groups, F (2, 54) = 5.81, p = .01. No post 

hoc tests were conducted due to the non-significant findings. 

Completion Time. A one-way multivariate analysis of covariance (MANCOVA) was 

conducted to determine the effect of the level of instructional support on the completion time 

of the practice exercises (query and form). Table 15 shows the means for the completion time 
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of the practice exercises. The means reflect the minimal worked example group completing 

the exercises ahead of the partial and full worked example groups. 

 

Table 15 
 
MANCOVA Means and Standard Deviations for Completion Time 

    
 
Condition 

Dependent variable Full Partial Minimal
 
Query Completion Time    

 
M 785.150 758.684 525.278
 
SD 246.651 257.188 165.463

 
Form Completion Time    

 
M 525.150 437.526 406.944
 
SD 241.671 95.932 138.534

 
Note. Time was measures in seconds. Maximum time for the Query full condition = 1295 (range 880); partial =  
 
1203 (range 900); minimal = 912 (range 650). Maximum time for the Form full condition = 1177 (range 927);  
 
partial = 651 (range 366); minimal = 720 (range 530). 
 

The MANCOVA was significant, Wilks’s Λ = .75, F(4, 104) = 3.96, p < .01, 

indicating we can reject the null hypothesis that the population means on the dependent 

variables, query completion time and form completion time, are the same for the different 

worked example type groups (Table 16). The multivariate η2  = .13 indicates 13% of 

multivariate variance of the completion time was due to independent variable, instructional 

support. However, as noted in the error rate MANCOVA, a violation of homogeneity 

occurred. Box’s test detected an abnormality of the covariance matrices of the dependent 
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variables, F (6, 69011.99) = 3.92, p < .01, therefore caution should be observed in 

interpreting the results.  

 

Table 16 
 
MANCOVA Results for Practice Exercises-Completion Time 

Source   Value F Sig. 

 
Partial Eta  

 
Squared 

Access Skill 

 
Wilks'  
 
Lambda 0.999 0.028 0.973 0.001 

      

Treatment 

Wilks'  
 
Lambda 0.753 3.961  0.005* 0.132 

 
*p < .05. 
 

Query Completion Time:  

A follow up ANCOVA on the query completion time was conducted due to the 

significant findings of the MANCOVA. Table 17 shows the dependent variable means and 

standard deviations for the query completion time. The means of the completion time 

(number of seconds) across the treatment groups were different with the full worked example 

group with the largest mean (M = 785.15), the partial worked example group with the smaller 

mean (M = 758.68), and the minimal worked example group with the smallest mean (M = 

525.28). The mean results indicate the minimal worked example completed the exercise 

within a shorter time limit than the full or partial worked example groups.  
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Table 17  
 
Dependent Variable Means and Standard Deviations for Query Completion Time 

    
 
Condition 

Dependent variable Full Partial Minimal
 
Time (in seconds)    

 
M 785.15 758.68 525.28
 
SD 246.65 257.19 165.46

 
Note. Maximum time for the Query full condition = 1295 (range 880), partial = 1203 (range 900), and minimal 
= 912 (range 650).  
 

As shown in Table 18, the ANCOVA was significant on the total completion time for 

the query exercise, F (2, 53) = 7.12, MSE = 379037.27, p = .002. The strength of the 

relationship between the instructional support (treatment) and the dependent variable 

(completion time) was very strong, as assessed by a partial η2 , with the independent variable 

accounting for 21% of the variance of the dependent variable, holding constant the covariate. 
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Table 18 
 
Analysis of Covariance for Query Completion Time 

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 2445.736 0.046 0.831 

.001 

 
Between Subjects   

 

      
Treatment 2 379037.267 7.150 0.002* .212 
      
Error 53 66.6553009.444      
 
*p < .05. 
 

The Bonferroni procedure was used for the pairwise comparisons in the follow-up 

tests.  As shown in Table 19, there was a significant difference between the adjusted mean of 

the minimal worked example with the full worked example group and the partial worked 

example group, but no significance difference between the full worked example group and 

the partial worked example group. Preliminary analyses evaluating homogeneity showed no 

abnormalities. 
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Table 19 
 
Query Completion Time Pair wise comparisons  
    
Treatment 1 2 3 
 
1. Full -- 24.445 259.057* 
 
2. Partial  -- 234.603* 
 
3. Minimal   -- 
 
Note: Absolute values recorded. 
 
*p < .05. 
 

Form Completion Time:  

Table 20 contains the means for the form exercise. The means of the completion time 

(number of seconds) across the treatment groups, like the query exercise, demonstrated for a 

second time the minimal worked example group with the fastest completion time (M = 

409.94), with the partial worked example group (M = 437.53), and the minimal worked 

example group taking the longest time to complete the exercise (M = 525.15).   
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Table 20 
 
Dependent Variable Means and Standard Deviations for the Form Completion Time 

    
 
Condition 

Dependent variable Full Partial Minimal
 
Time (in seconds)    

 
M 525.15 437.53 406.94
 
SD 241.67 95.39 138.53

 
Note. Maximum time for the Form full condition = 1177 (range 927); partial = 651 (range 366); minimal = 720  
 
(range 530). 
 

Table 21 shows the results of the ANCOVA for the form completion time. The 

ANCOVA was not significant on the form completion time, F (2, 54) = 2.35, MSE = 

71039.48, p = .11. Time is represented by the number of seconds to complete the exercise. 

The strength of the relationship between the instructional support (treatment) and the 

dependent variable (completion time) was medium, as assessed by a partial η2 , with the 

independent variable accounting for 11% of the variance of the dependent variable, holding 

constant the covariate. Preliminary analyses evaluating homogeneity showed an abnormality 

in the Levene’s test, p < 05. No post hoc tests were conducted. 
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Table 21 
 
Analysis of Covariance for Form Completion Time 

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 1032.699 .034 .854 

 
.001. 

 
Between Subjects   

 

      
Treatment 2 71039.477 2.352 .105 .082 
      
Error 53 30199.463      
 
Note. No significance found at the .05 level. 

 

Achievement Measure 

The achievement measure was given in the second week of the study. Time lapse 

from the query exercise to tasking the achievement test was one week; form exercise had a 

five day lapse. The achievement test covered items from both exercises:  creating a filter, 

query, or a form, and sorting.  The Cronbach’s alpha for reliability of this measure was found 

to be .723. One-way analyses of covariance (ANCOVA) were conducted to evaluate 

differences in performance efficiency on the performance score of the achievement measure, 

error rates, and completion time among three different types of instructional support (full 

worked example, partial worked example, and minimal worked example). Preliminary tests 

of the underlying assumptions for the ANCOVA were conducted including Levene’s test of 
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equality of error variance and the homogeneity-of-slopes assumption for ANCOVA and were 

found to be normal. 

Performance  Scores. The means of the treatment groups of instructional support are 

displayed in Table 22. The minimal worked example group had the largest mean (M = 7.94), 

signifying better recall of the Access solution steps than the partial worked example group 

had (M = 6.79) or the full worked example group (M = 5.70).  

 

Table 22 
 
Achievement Test Performance Score Means and Standard Deviations  

    
 
Condition 

Dependent variable Full Partial Minimal
 
Performance Scores    

 
M 5.70 6.79 7.94
 
SD 2.25 2.25 1.92

 
Note. Maximum score for the full condition = 9 (range 9), partial = 11 (range 10), and minimal = 11 (range 6).  
 

The ANCOVA on the performance scores was significant, F(2,53)=5.01, 

MSE=23.61, p=.01, partial η2= .16. The results of the ANCOVA, as displayed in Table 23,  

support the alternative hypothesis, in that the treatment (the different types of worked 

examples or levels of the instructional support variable) have an effect on the performance 

scores of the achievement test. Also, a large effect size was noted by the partial η2,, with the 

treatment accounting for 16% of the variance of the dependent variable, holding constant for 

pre-knowledge of the software, Microsoft Access.  
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Table 23 
 
Analysis of Covariance Achievement Test Performance Scores  

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 3.15 .067 .797 

 
.001. 

 
Between Subjects   

 

      
Treatment 2 23.605 5.005   .010* .159 
      
Error 53 4.717      
 
*p < .05. 
 

 Follow up tests were conducted on pairwise comparisons using Bonferroni. As 

displayed in Table 24, there was a significant difference (p = .01) between the minimal 

worked example group and the full example group but there were no significant differences 

between the minimal worked example group and the partial worked example group. Also, no 

significant differences were shown between the partial and full worked example groups. 
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Table 24 
 
Pair wise comparisons of the Achievement Test Performance Scores  
    
Treatment 1 2 3 
 
1. Full -- 1.067 2.235* 
 
2. Partial  -- 1.169 
 
3. Minimal   -- 
 
Note: Absolute values recorded. 
 
*p < .05. 

 

Error rate. Preliminary analyses for the assumptions of the ANCOVA on the 

achievement test error rate were conducted and were found to be normal. There were two 

outliers identified by SPSS that were removed from the full worked example group, which 

changed the number of subjects to 18. The findings for the means were similar to the 

previous exercise error rates (see Table 25).  Again, the minimal worked example group (M 

= 9.61) experienced the lowest amount of errors. The partial worked example group (M = 

10.16) and the full worked example group (M = 10.22) experienced approximately the same 

amount of errors.  
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Table 25 
 
Achievement Test Error rate Means and Standard Deviations  

    
 
Condition 

Dependent variable Full Partial Minimal
 
Error Rate    

 
M 10.22 10.15 9.61
 
SD 4.17 5.95 4.13

 
Note. Maximum error for the full condition = 42 (range 39), partial = 25 (range 22), and minimal = 19 

(range15).  

 

The results of the ANCOVA are shown in Table 26. The ANCOVA was not 

significant on the error rate, F (2, 51) = .096, MSE = 23.79, p = .91, partial η2 = .04. The 

strength of relationship between the type of the instructional support and the number of errors 

was weak, as assessed by a partial η2, with the independent variable accounting for 4% of the 

variance of the dependent variable, holding constant the covariate, Access skill. No post hoc 

tests were conducted. 
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Table 26 
 
Analysis of Covariance for Achievement Test Error rate  

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 8.732 .367 .547 

 
.007. 

 
Between Subjects   

 

      
Treatment 2 2.291 .096 .908 .004 
      
Error 51 23.788      
 
Note. No significance found at the .05 level. 
 

Completion time. Table 27 shows the means for the completion time. The means of 

the completion time (number of seconds) across the treatment groups were different than the 

preceding exercises. Unlike the previous exercises, the partial worked example group 

completed the achievement test in the shortest amount of time (M = 572.00), the minimal 

worked example group had the second most amount of time (M = 613.89), and the full 

worked example group completed the achievement test with the most time (M = 617.15).  
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Table 27 
 
Achievement Test Completion time Means and Standard Deviations  

    
 
Condition 

Dependent variable Full Partial Minimal
 
Completion time    

 
M 617.15 572.00 613.89
 
SD 190.38 186.18 176.73

 
Note. Time was measured in seconds. Maximum time for the full condition = 962 (range 656); partial = 941 

(range 636); minimal = 1005 (range 595).  

 
Table 28 shows the results of the ANCOVA on completion time. The ANCOVA was 

not significant on the total time to complete the achievement test, F (2, 53) = 2.8, MSE = 

9736.54, p = .76, partial η2 = .01. The null hypothesis is supported; there is no significant 

difference between groups. No post hoc tests were conducted. 
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Table 28 
 
Analysis of Covariance for Achievement Test Completion Time  

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 15853.607 .460 .501 

 
.009 

 
Between Subjects   

 

      
Treatment 2 9736.537 .282 .755 .011 
      
Error 51 34484.844      
 
Note. No significance was found at the .05 level. 
 

Mental Effort 

Mental effort ratings per task were computed by using the means of the recorded 

participant responses on the 7-point mental effort Likert scales during the exercises and 

achievement tests.  The means per task are recorded in Table 29. Higher values reflect 

greater mental effort. The means show a consistency in the minimal example group having a 

lower mental rating than the full or partial worked example groups. Even when the perceived 

difficulty increased with different tasks, the minimal worked example group mean remained 

below its counterparts.  
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Table 29 
 
Means for the Mental Effort Ratings per task 

    
 

Condition   
Dependent variable Full Partial Minimal
 
Query Exercise:  Find 3.65 3.06 2.11
 
Query Exercise:  Query 3.95 4.13 3.61
 
Query Exercise:  Filter 4.05 4.00 3.22
    
 
Form Exercise:  Form 1 2.28 2.55 1.78
 
Form Exercise: Form 2 2.95 2.82 2.39
    
 
Achievement test:  Form 2.97 2.84 2.32
 
Achievement test:  Sort 2.10 2.03 1.94
 
Achievement test:  Query 3.10 3.10 2.83
 
Achievement test:  Filter 2.33 2.63 2.00
 
Note. Responses based on a 7-point mental effort Likert scale. Higher values indicate increased mental effort. 
 

The overall mental effort ratings were computed by using all mental effort ratings for 

both exercises and the achievement test. SPSS detected and accounted for missing data; 

participants who did not complete items of the mental effort ratings. The overall means are 

shown in Table 30. Participants in the minimal worked example (M = 2.49) overall ratings 

fell in the category of “very easy,” while the overall ratings of the partial worked example 

group (M = 3.00) and the full worked example (M = 3.11) fell in the rated category of “quite 

easy.”  
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Table 30 
 
Overall Mental Effort Means and Standard Deviations  

    
 
Condition 

Dependent variable Full Partial Minimal
 
Overall Mental Effort    

 
M 3.11 3.00 2.49
 
SD .916 .705 .702

 
Note. Responses based on a 7-point mental effort Likert scale. Higher values indicate increased mental effort. 
 

One-way analyses of covariance (ANCOVA) were conducted to evaluate differences 

on the mental effort ratings among the three different types of instructional support (full 

worked example, partial worked example, and minimal worked example) for the overall 

mental effort ratings. Preliminary tests of the underlying assumptions for the ANCOVA’s 

were conducted including Levene’s test of equality of error variance and the homogeneity-of-

slopes assumption for ANCOVA and were found to be normal. 

Table 31 shows the results for the ANCOVA on overall mental effort. The ANCOVA 

was significant on the overall mental effort, F (2, 44) = 3.93, MSE = 2.15, p = .03, partial η2 

=.15.  A large effect size was assessed by a partial η2, with the independent variable 

accounting for 15% of the variance of the dependent variable, holding constant the covariate, 

Access skill. Table 31 also shows a significant relationship between the covariate, Access 

Skill, and the dependent variable, mental effort, F (1, 44) = 6.72, p = .01, with the covariate 

accounting for 13% of the variance.    
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Table 31 
 
Analysis of Covariance for Overall Mental Effort  

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 3.669 6.721 .013 

 
.133 

 
Between Subjects   

 

      
Treatment 2 2.146 3.931  .027* .152 
      
Error 44 .546      
 
*p < .05. 
 

Follow up tests were used to check for pairwise comparisons with the Least 

Significance Difference (LSD) procedure (see Table 32). There were significant differences 

between the minimal worked example group and the full and partial groups, but no 

significance between the partial and full worked example groups.  
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Table 32 
 
Pairwise comparisons for Overall Mental Effort 
     
Treatment 1 2 3 
 
1. Full --  .016 .621* 
 
2. Partial  -- .636* 
 
3. Minimal   -- 
 
Note: Absolute values recorded. 
 
*p < .05. 
 

Efficiency 

 Efficiency in learning was measured by the efficiency approach used by Paas and 

Van Merrienboer (1994).  According to Pass and Van Merrienboer, “the efficiency approach 

is based on the conversion of raw mental effort data and raw performance data to z scores, 

which can be displayed in an M (mental effort) – P (performance) cross of axes. It is argued 

that the combined effects on mental effort and performance of an experimental instructional 

condition can be deduced from the position of its related point in the cross of axes in relation 

to points that represent other instructional conditions” (p.129).  

  Using SPSS, the raw performance scores and raw mental effort scores were 

converted to z scores.  The efficiency formula,  E = P- M / 2 , was used to calculate 

efficiency means for each task or unit of performance (see Table 33).  
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Table 33 
 
Efficiency Means  

    
 

Condition   
Dependent variable Full Partial Minimal
 
Exercise 1:  Find command -0.46 -0.22 0.73
 
Exercise1:  Query -0.26 -0.27 0.55
 
Exercise 1:  Filter -0.29 0.12 0.16
    
 
Exercise 2:  Form 1 -0.19 -0.23 0.46
 
Exercise 2:  Form 2 -0.44 0.12 0.36
    
 
Achievement test:  Form 0.39 0.01 0.42
 
Achievement test:  Sort 0.18 0.28 0.11
 
Achievement test:  Query -0.31 -0.12 0.47
 
Achievement test:  Filter -0.11 -0.43 0.59
 
Note. Efficiency scores will fall between 1 and -1. 
 

Next, the overall efficiency for both exercises and the achievement test were 

computed by tallying the associated tasks and then obtaining the means. Table 34 contains 

the means for overall efficiency. Preliminary tests were run for homogeneity and no 

abnormalities were found. 
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Table 34 
 
Overall Efficiency Means and Standard Deviations  

    
 
Condition 

Dependent variable Full Partial Minimal
 
Overall Efficiency     

 
M -.322 -.097 .425
 
SD .7743 .5530 .415

  
 
Note. Positive numbers indicate a higher efficiency. 
 

Figure 4.1 illustrates the minimal worked example (M = .43) as being significantly 

higher efficient than the partial worked example group (M = -.10) or the full worked example 

group (M = -.32). This means cognitive load was lower for the minimal example group 

during the practice exercises and achievement test. 
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Figure 4.1: Relative condition efficiency by levels of instructional support. T1 = full worked 
example condition; T2 = partial worked example condition; T3 = minimal worked example 
condition. E = efficiency means. 

 

The ANCOVA for the overall efficiency was significant, F (2, 44) = 7.44, MSE = 

2.59, p < .01, partial η2 = .25. Selected results are shown in Table 35. A large effect size was 

assessed by a partial η2, with the independent variable accounting for 25% of the variance of 

the dependent variable, holding constant the covariate, Access skill.  
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Table 35 
 
Analysis of Covariance for Overall Efficiency  

Source df Mean Square F Sig. 

 
Partial  

 
Eta  

 
Squared 

 
Covariate   

 

 
Access Skill 1 1.028 2.958 .093 

.063 

 
Between Subjects   

 

      
Treatment 2 2.586 7.444  .002* .253 
      
Error 44 .347      
 
*p < .05. 
 

Follow up analyses were conducted on pairwise comparisons using Bonferroni to 

control for Type I errors. As shown in Table 36, the significant main effect was found in 

favor of the minimal worked example. The minimal worked condition treatment was found to 

be a more efficient instructional support technique compared to the full and partial worked 

example groups.  
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Table 36 
 
Pairwise comparisons for Overall Efficiency 
    
Treatment 1 2 3 
 
1. Full -- .163 .747* 
 
2. Partial  -- .585* 
 
3. Minimal   -- 
 
Note. Absolute values recorded. 
 
*p < .05. 
 

Summary 

The minimal worked example has presented itself to be the superior instructional 

support method in regards to training in software application. Significance was found for the 

minimal worked example for fewer errors and shorter time completion for the query exercise. 

Although significance was not found in the second exercise covering forms in Microsoft 

Access, minimal worked examples means did show fewer errors and shorter completion time 

compared to the other two treatment groups. The minimal worked example group also 

performed better on the achievement test. In terms of mental effort, significance was found 

for the minimal worked example group, as the group perceived the exercises and 

achievement test to be at a lower mental effort rating than its counterparts. Last, in terms of 

efficiency, significance was found in favor of the minimal worked example group. 
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CHAPTER V 
 

DISCUSSION AND CONCLUSIONS 
 

Instructional support or scaffolding in education has been an asset to learning. 

Worked examples have been reported in research to be an effective method of teaching 

procedures. Finding out which type of worked examples is an effective support structure in 

computer application instruction is the focal point of this study. This chapter is a discussion 

of the results and implications for future study. 

Prior Knowledge 

 The survey given at the beginning of the experiment identified the participants with 

different levels of expertise with the product, Microsoft Access.  Research has shown that 

learners who are considered experts in comparison to novices reflect different levels of 

cognitive load when learning a new skill due to previous schema construction (van 

Merrienboer & Sweller, 2005). Brooks and Shell (2006) posit that prior knowledge affects 

working memory; experts have a larger knowledge base to draw from in long term memory. 

Previous research has also shown that worked examples can produce a negative effect with 

advance learners known as the “expertise reversal effect” (Meier, 2007;Tuovinen & Sweller, 

1999). Therefore, prior knowledge of the Microsoft Access software was identified as a 

covariate in the experiment.  

Interestingly, the results showed no evidence of significance between those who rated 

their experience with Microsoft Access at a higher level than novice in this particular group 

of participants.  While it is unknown why the perceived skill level did not contribute to 

differences, one could conjecture that in reality, the participant’s actual skill levels were not 
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as different as what was recorded on the survey, combined with the age level of the 

participants residing in the lower twenties. Experience of the product may have come from a 

previous course, and the actual knowledge base may be a novice one. Therefore, the 

“expertise reversal effect” is an unlikely explanation for the lower scores that appeared in the 

full and partial worked example treatments 

Research question 1    

 The first research question considered the effects of the degree of instructional 

support in worked examples (full, partial, or minimal) on college students’ retention and 

application of procedural knowledge during the computer-based software training.   The 

results from the achievement test support the hypothesis that the minimal worked example 

type of instructional support leads to higher performance scores without significant 

differences in time or error compared to full worked examples or partial (“point and click”) 

worked examples, F (2, 53) = 5.01, MSE = 23.61, p = .01, partial ɳ2= .16. One could state 

that the presentation of a worked example that requires the user to work with the actual 

application during training promotes better retention. This finding is similar to Brown’s study 

where users incurred the most gain with the amount of practice they experienced with the 

product (2000).  Also, Desai, Richard, and Eddy’s research findings showed immediate 

“hands on” with the actual application after training as a preferred method (2000). 

Worked examples with novice learners in previous research has demonstrated that the 

cognitive load is lowered and solution steps create mental models for solving problems 

(Merrienboer, Kirschner, & Kester, 2003; Kalyuga, Chandler, & Sweller, 2001). Worked 

examples scaffold the learning process when presented as detailed guidance support. 
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Brown’s research explained that practice and time on task created variances in knowledge 

gain (2001). The minimal worked example had detailed guidance in the form of detailed 

step-by-step instructions on screen with the application. One might construe that the minimal 

worked example group was more focused during training, concentrating on relating 

instructions to the screen display, while the full and partial worked example groups were 

involved in a more passive learning experience (i.e. watching a worked example or using a 

‘point and click’ interactive worked example). Evidence of action schema acquisition in the 

minimal worked example, due to solving similar tasks, occurred from completing the worked 

example to the ability to complete the achievement test at a higher score level compared to 

the other work example types (Dutke & Reimer, 2000).  

Despite the fact that the same steps were included in each worked example, treatment 

designs could have interfered with subject learning. It could be argued that the full and partial 

worked examples were detrimental to learning because of their “passive” structure. Gerjets et 

al. noted that learners may not engage in beneficial elaboration processes when working with 

conventionally designed worked examples. Atkinson and Renkl (2007) reviewed example 

based learning and found a “subset of learners study worked examples more effectively than 

others” (p.2). Using a cluster analysis, Renkl identified less successful students as “passive 

self-explainers” who processed worked examples in a passive manner and “superficial self-

explainers” who glance over the worked example without studying them. They claimed that 

benefits of working with worked examples are lost without sufficient active processing or 

interactivity, and that the majority of learners, if left to their own devices, would participate 

in a passive manner. The passive viewing also supports Charney, Reder, and Kusbit’s (1990) 
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interpretation of a “point and click” interactive tutorial incurring mechanical reactions; 

observing without thinking. 

An additional argument concerning treatment design is the visual instructional 

representation of an “individual step” versus “a set of steps” available to the learner.  While 

the sequence of the instruction steps was the same, the screen display was different. The 

minimal worked example displayed the step-by-step process in list format, while the full and 

partial example groups viewed each step in a series of separate display screens.  The minimal 

worked example group’s ability to visually read the sequential steps might have developed a 

better mental model as the learner could read at any given time the step that preceded the 

current step.  Further research is needed to explore this possibility. 

Research question 2 

The second research question focused on mental effort ratings. Did the degree of 

instructional support in worked examples (full, partial, or minimal) affect the mental effort 

ratings? The ANCOVA was significant on the overall mental effort, F (2, 44) = 3.93, MSE= 

2.15, p =.03, partial ɳ2 =.15. The overall mental effort results show that instructional support 

with worked examples and the product (minimal worked example) are perceived to be less 

demanding compared to instructional support where a worked example is presented in a 

Flash movie (full worked example) or when the instructional support is presented through a 

“point and click” presentation (partial worked example).  

As introduced in chapter two, mental effort is described as the amount of working 

memory resources that are being used to accomplish a task. In order to determine whether 

cognitive load has been altered through instructional techniques, mental effort is measured. 
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Replicating Clarke, Ayres, and Sweller, a subjective measure was used to measure mental 

effort; a seven point Likert scale (2005).  In agreement with previous studies, the ratings 

scale in the results showed significant differences in perceived mental activity on the tasks. 

As Pass and van Merrienboer explain, these “subjective reports of the amount of invested 

mental effort are sensitive to relatively small differences in task parameters that are expected 

to have an influence on cognitive load” (1994, p. 131). The easier a task is perceived to be, 

the lower the cognitive load. “People can estimate how much effort a task will require” 

(Brooks & Shell, p. 26, 2006).  

The overall minimal worked example group ratings (M = 2.49) were of a lower rating 

that the full worked example group (M = 3.11) or the partial worked example group (M = 

3.00). Lower ratings reflect the perception of how easy a task is; higher ratings reflect 

difficulty. In terms of instructional support, the full worked example and the partial worked 

example imposed a higher cognitive load on the learner than the minimal worked example. 

(The higher cognitive load the less likely schema acquisition will occur.) This statement may 

appear to contradict the previous explanation that one of the reasons the full and partial 

groups may have done poorly was due to passive behavior. The passive behavior was related 

to the viewing of the Flash based worked examples, not to the cognitive effort imposed on 

the learner in completing the practice exercises or achievement test. Mental effort ratings 

were taken after the practice exercises, thus they were task related. The consistency of the 

means of the mental effort ratings (which show the minimal worked example group 

perceiving lower mental effort per task) contrasted with both exercise and achievement 

scores (where the minimal worked example group had higher scores) illustrate an association 
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between mental effort and performance scores. The findings are parallel those found by Paas 

and van Merrienboer, who found lower mental effort in practice attained better transfer 

performance. 

Research question 3 

The third research question concerned efficiency. “Cognitive load approach considers 

learning and instruction in terms of efficiency rather than effectiveness, that is, in terms of 

cognitive cost (cognitive resources spent, mental effort invested, or cognitive load imposed) 

of achieving instructional effects” (p. 388, Kalyuga, 2007). Restating the research question, 

“Did the degree of instructional support in worked examples (full, partial, or full) affect the 

instructional efficiency of students?” The findings found that the minimal worked example 

group was more efficient than the full and partial worked example groups, F (2, 44) = 7.44, 

MSE = 2.59, p < .01, partial ɳ2 = .25.  

Paas, Tuovinsen, van Merrienboer, and Darabi (2005) relate mental effort and 

performance with efficiency, in that, if motivation is low, then the learner will not make an 

effort to succeed. Brooks and Shell’s analysis of the research on working memory and 

motivation and its affiliation to attention, stated that the “ability to control attention 

determines performance on a memory task” (p. 19, 2006). They describe attention as a 

limited resource; “when pushed onto unfamiliar ground, working memory is limited and sets 

boundaries upon what can be quickly accomplished” (p.20).  Brooks and Shell suggest that 

attention loss occurs in novices given their low knowledge and expertise and learning 

happens with deliberate practice leading to expertise. Further, Brooks and Shell posit that 

“motivation is the process by which we consciously or unconsciously allocate working 
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memory resources. That is, motivation is how we choose which of all the chunks we have 

available to us we will activate - given that the number that can be activated is limited” (p. 

24). Chunks are defined as content pieces stored in memory, experts have larger “chunks” 

than novices.  This is relative to schema construction and automation as portrayed by 

cognitive research (van Gog et al., 2005; Kalyuga & Sweller, 2004).   

During the presentation of the lesson, lack of attention was demonstrated by some of 

the participants. The researcher at times redirected several participants to the computer 

screen when a participant appeared to be distracted or off task. The same behavior was 

observed to a lesser degree during the worked example phases, except by the minimal 

worked example group, who were actively following the worked example directions with the 

product. If one attributes attention loss to the full and partial worked example groups and 

“deliberate practice” to the minimal example group, then this study shows efficiency 

increased due to “hands on” approach worked example type. However, during the practice 

exercises and achievement test, all participants appeared to be on task.  

Reiterating Paas and Merrienboer (1994) statistical technique for assessing efficiency 

of an instructional technique, a joint analysis of both performance and mental effort ratings 

compute the efficiency score. Worked examples have an empirical track record of higher 

efficiency ratings (Tuovinen & Sweller, 1999; Grobe & Renkl, 2007). This study used a 

variety of worked examples which varied in presentation. The results of this study add to this 

body of research, in that, worked examples which incorporate a “hands on” approach are 

more efficient than worked examples that are viewed or involve low interaction.   
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Effect Size 

Large effect sizes were found in the results. In the query exercise there was a large 

effect sizes with the treatment accounting for 25% of the variance in the error rate and 21% 

of the variance in the total time. In the achievement test performance scores, a large effect 

was found, with the treatment accounting for 16% of the variance. Do these large effect sizes 

correspond to the degree of practical significance? Practice significance in software 

application will probably depend on what type of application and how critical accuracy and 

time is to the employer. For instance, the error rate and time variables importance in a 

Microsoft word processing software application compared to a financial package will likely 

vary; a misspelled word might have less impact than an insert of an incorrect number in a 

salary spreadsheet or medical dosage.  However, the reality in the time factor, in this 

experiment, amounted to several minutes (less than five) between the treatments. In a work 

environment, where interruptions disrupt the flow of work, loss of a few minutes may not 

seem important. Practical significance in regards to retention is another matter, as recorded in 

the achievement test. Obviously the type of instructional support will hold a higher value if 

the employee can retain the information better than other training methods. Immediate time 

savings in accruing a knowledge base of a product, where the employees can immediately 

work with a product, saves company time and money, reflective in less error with the product 

or not having the added expense to retrain employees. 

Large effect sizes are not often found in research studies.  This study consisted of a 

small, convenient sample size, thus the “true” (population) effect size may be different. 

According to Gall et al., “statistical power increases automatically with sample size,” thus 
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minimal total samples sizes are recommended (p. 141).  As previously discussed in chapter 3, 

the initial sample size was decreased due to a number of factors beyond the researcher’s 

control.  In order to rule out differences due to small sample size or flaws in the study, a 

replication of this study with a larger sample size is recommended.  

Implications 

Implications of this study effect both corporate and educational settings. Instructional 

techniques for e-learning environments that take into account human cognitive architecture 

and limitations of working memory are necessary for effective training. As stated by 

Kalyuga, “the whole point of investing considerable human and financial resources into the 

design and development of sophisticated high-tech interactive e-learning environments is to 

achieve returns in terms of efficiency: learning faster and without mental stress” (p. 388). 

The findings of this study demonstrate instructional support through worked examples which 

incorporate active processing by working the “example” with the actual product, over 

viewing a worked example, or “pointing and clicking” with a worked example, are effective 

and efficient learning strategies.  

For corporate environments, electronic or online instruction can be categorize in the 

domain of online documentation. Online documentation is defined as “any information that is 

stored and viewed in electronic form” (TechCom Plus, 1999, p.1). A majority of software 

documentation by major companies is often presented to the user in online format. Online 

documentation is a debatable subject. TechCom Plus cites the pros and cons of online 

documentation. Advantages center on costs but disadvantages concern portability, the user’s 

ability to see the system and the documentation effectively, and whether the user will accept 
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documentation presented in online form.  These pros and cons affect online instruction and 

worked examples which are used as instructional support. The minimal worked example 

condition of this study is a case in point, where the user was able to see the system and 

documentation effectively with positive learning outcomes.  

Corporate and education electronic environments that present training should be 

aware of the limitations of presenting worked examples in online format. Prior research has 

shown that cognitive load is lowered with effective instructional design and use of worked 

examples (Tuovinen & Sweller, 1999; Leutner, 2000). This study has established that worked 

examples are effective with software application instruction but the display does matter. 

Visual modes where the user watches the expert “walk through” a solution may encourage 

passive behavior and possible loss of attention in novice users, unless the user has a high 

interest in the subject matter. The association of pairing passive viewing of a worked 

example with an immediate or delayed task leads to a higher cognitive load imposed on the 

learner when the learner attempts to complete the task. 

Karrer, Laser, and Martin stated that insufficient learning and proficiency can occur 

from screen captures and “point and click” methods (2001). The findings of this study seem 

to support that premise. However, despite the reported results from research on the matter, 

video screen capture devices, such as Camtasia, continue to be promoted as tools to provide 

online software training and online help.  If better learning occurs when tasks are taught with 

the actual product, then development should be structured to build models of this nature.   

However, care should be undertaken to steer clear of the following situations that can cause 

extraneous cognitive load (Kalyuga, 2007, p. 391):  
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• Related elements of information or representations that need to be processed 

simultaneously are separated in space and time; 

• Too many new elements of information are introduced in WM and/or are 

introduced too fast to be successfully incorporated into LTM structures; 

• Learners do not have appropriate prior knowledge to deal with the situation, 

and instruction does not provide sufficient external guidance thus forcing 

learners to use random search procedures; 

• Learners have sufficient prior knowledge that overlaps with provided external 

guidance thus requiring learners to mentally coordinate different 

representations of the same information. 

Worked examples are a highly successful method for teaching in disciplines such as 

mathematics, physics, and computer programming (Atkinson & Renkl, 2007). This study 

concerns worked examples in the online environment as a scaffolding technique to provide 

better instruction in software applications. The researcher recognizes that the distinction in 

the domain and type of worked example in this study has its limitations, but advantages in 

learning appear to be promising.  

Recommendations for Future Research 

Designing effective instruction for training in web-based models is a complex matter. 

The cognitive load perspective in e-learning has developed new instructional techniques that 

take into effect the limitations of working memory. Considerable research in the last decade 

has contributed to better designs in generating “essential cognitive processing relevant to 
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knowledge construction without increasing non-essential extraneous processing load” 

(Kalyuga, 2007). 

Online help systems are plagued by lack of empirical research on their effectiveness 

(Atkinson & Renkl, 2007). However, evidence with example-based learning in this area 

shows promise. Atkinson and Renkl cited several studies where online help provided positive 

learning with instructional explanations.  

Microsoft help documentation is presented in the task pane. Displaying lessons and 

worked examples in the task pane have possibilities. Usability and convenience for the user 

is a plus, but if cognitive load is not monitored then any gains in retention could be lost. The 

minimal worked example condition attempted to mimic the task pane. Further research in 

using the task pane beyond online help should be undertaken.  

Atkinson and Renkl probed the research on using worked examples for effective 

processing (2007). They found differences in learners (self-explainers) accounted for poor 

performance with worked examples. They also found experiments with fading or gaps 

encourage interactivity. Faded worked examples and including self-explanation activities 

should be explored in software acquisition. 

Future research should explore learning models that incorporate worked examples 

and the interaction with ability, motivation and prior knowledge. Prior knowledge affects 

new learning. In this study, a pretest over Microsoft Access was not given. Participants were 

not separated into groups according to their perceived ability with the product. Capturing the 

error rate with better methods beyond screen recordings should be undertaken. While the 
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research has been extended with this study, the door is open for designers to create better 

online learning environments. 
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Lesson 1: Finding and Ordering Data 
Practice Exercises 
 
The files for the practice exercise are located in the practice folder on your computer desktop. 
You will be using the program, Camtasia, to screen record your actions. A quick 
demonstration will be given before starting the exercise. Please raise your hand if you need 
assistance. 
 
Note:  Practice Exercises from Microsoft Office XP: Introductory Course 1st edition by 
PASEWARK. 2002. Reprinted with permission of Course Technology, a division of Thomson 
Learning: www.thomsonrights.com. Fax 800 730-2215. 
 
Beginning Time: ____________ 
 
Exercise 1 
Objective: Use the Find Command. 
 

1. Start Camtasia to record this exercise.  
2. Start Access and open the IA Project4_1 database. 
3. Open the Houses table in Datasheet view. 
4. Use the Find command to locate the houses that were listed during December. 
5. Complete Mental Effort Rating Scale question 1. 

 
Exercise 2 
Objective: Creating and saving a query 
 

1. Create a query that displays the houses listed with Nina Bertinelli or John Schultz as 
the agent. Have the query display only the Address, List Date, Price, and Agent 
fields and sort the Price field from most to least expensive.  

2. Save the query as Bertinelli/Schultz. 
3. Run the query and print the results. Place printout in packet. 
4. Close the query. 
5. Complete Mental Effort Rating Scale question 2. 

 
Exercise 3 
Objective: Creating a filter 
 
1. Open the Houses table and create a filter that sorts the houses from most to least 

bathrooms and the price from least to most expensive. 
2. Print the results in landscape orientation. Place printout in packet. 
3. Remove the filter to show all records in the table. 
4. Close the table and the database. 
5. Complete Mental Effort Rating Scale question 3. 
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6. Click on the Camtasia button on the taskbar and save the file as Practice2_and the label 
name of your packet. (i.e. Practice2_1A2 where 1A2 is the label on the packet).  

 
Time completed: ___________ 
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Lesson 2: Creating and Modifying Forms in Microsoft Access 
Practice Exercises 
 
The files for the practice exercise are located in the practice folder on your computer desktop. 
You will be using the program, Camtasia, to screen record your actions. A quick 
demonstration will be given before starting the exercise. Please raise your hand if you need 
assistance. 
 
Note:  Practice Exercises from Microsoft Office XP: Introductory Course 1st edition by 
PASEWARK. 2002. Reprinted with permission of Course Technology, a division of Thomson 
Learning: www.thomsonrights.com. Fax 800 730-2215. 
 
Beginning Time: ____________ 
 
Exercise 1 
 
Objective: View and navigate to records in a form, create an AutoForm, and Save and Close 
an AutoForm. 
 

1. Start Camtasia to record this exercise.  
2. Start Access and open the 2C_LMccdepts database. On the Objects bar, click 

Forms. 
3. Above the Objects bar, locate and then click the New button. On the displayed New 

Form dialog box, click AutoForm: Columnar. 
4. Select the Departments table to create the form. A form is created using the data 

from the Departments table. 
5. In the navigation area, click the Last Record button (Psychology Department will 

display).  
6. Click the previous record, (Physical Ed. Department) displays and then click the first 

record, (Accounting Department) displays. 
7. Position your mouse pointer in the navigation area and drag to select the number. 

Type 9 and then press the Enter button on your keyboard. (MIS Department) displays. 
8. Close and save the form, naming it Departments. 
9. Close the database. 
10. Complete Mental Effort Rating Scale question 1. 

 
Exercise 2 
 
Objective: Creating and modifying a form 
 

1. Open the 2D_Office_Supplies database. On the Object bar, click Forms. 
2. To the right of the Objects bar, double-click the command icon, Create Form by 

using wizard. The Form Wizard opens. 
3. Under Tables/Queries, click the down arrow and click Table: Office Inventory. 
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4. Move all of the fields from the Office Inventory table to the Selected Fields column. 
Click the Next button. 

5. Complete the Form Wizard selecting a Columnar layout, Sandstone style, and name 
the form Inventory Firstname Lastname. 

6. The completed form displays in Form view. Click the View button, on the Form View 
toolbar, to switch to Design view. On the forms title bar, click the maximize button. 

7. Position your pointer on the horizontal line between the Form Header section and 
Detail section until the pointer changes to a large double arrow. Drag down 
approximately 0.5 inch. Use your eye and the vertical ruler to determine the distance. 
The Form Header section expands and grid dots appear in this area. 

8. Locate the Toolbox and click the Label button. 
9. Move your pointer into the Form Header section, and position the pointer’s plus 

sign at the left edge of the Form Header area and center vertically in the Form 
Header section. Drag down about 0.25 inch and to the right to 3.0 inches on the 
horizontal ruler. (If you are not satisfied with the result, use the Undo button and 
begin again.) In the label box you created, type Inventory Entry Form (Firstname, 
Lastname) and then press the Enter key on your keyboard. 

10. On the Form Design toolbar, click the View button to switch to Form view, and 
notice the Form Header information you added. 

11. Close and save the form. 
12. Close the database and then close Access. 
13. Complete Mental Effort Rating Scale question 2. 
14. Click on the Camtasia button on the taskbar and save the file as Practice1_ and the 

label name of your packet. (i.e. Practice1_1A2 where 1A2 is the label name on the 
packet.)  

 
Time completed: ____________ 
 
Please raise your hand if you need assistance.
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Posttest Achievement Test 
Comprehensive Review Exercises 
 
The files for the practice exercise are located in the practice folder on your computer desktop. 
You will be using the program, Camtasia, to screen record your actions. A quick 
demonstration will be given before starting the exercise. Please raise your hand if you need 
assistance. 
 
Note:  Practice Exercises from Microsoft Office XP: Introductory Course 1st edition by 
PASEWARK. 2002. Reprinted with permission of Course Technology, a division of Thomson 
Learning: www.thomsonrights.com. Fax 800 730-2215. 
 
Beginning Time: ____________ 
 
Start Camtasia 
 
Exercise 1 – Form creation  
 

1. Open IA Project2 from the data files. 
2. Create a new form with the Form Wizard using the Stores table. 
3. Add the Name, Specialty, Credit Cards, and Hours field. 
4. Use the Tabular layout and the Standard style. 
5. Title the form Store Form. 
6. Close the form and the database. If prompted, save the changes. 
7. Complete Mental Effort Rating Scale question 1. 

 
Exercise 2 – Sorting  
 

1. Open IA Project3 from the data files. 
2. Open the Employee Information table in Datasheet view. 
3. Sort the table so that the employee’s salaries are listed from lowest to highest. 
4. Leave the database open for Exercise 3. 
5. Complete Mental Effort Rating Scale question 2. 

 
Exercise 3 - Query 
 

1. Using the Employee Information table, create a query that displays the employees 
with the title of manager. Have the query display only the Last Name, First Name, 
Department, Title, and Salary fields.  

2. Save the query as Managers. 
3. Run the query.  
4. Close the query. If prompted, save the changes and then close the database. 
5. Complete Mental Effort Rating Scale question 3. 
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Exercise 4 – Filters 
 

1. Open IA Project4 from the data files. 
2. Open the Employee Information table. 
3. Create a Filter by Selection to display only the employees in the Sales department. 
4. Change the right and left margins to .5” and print the results of the filter in landscape 

orientation.  
5. Show all the records in the table. 
6. Close the table and the database. 
7. Complete Mental Effort Rating Scale question 4. 
 
Click on the Camtasia button on the taskbar and save the file as Comp_LabelName (i.e. 
Comp_1A2 where 1A2 is the label on the packet).  

 
Time completed: ____________ 
 
Please raise your hand if you need assistance. 
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THE EFFECTS OF VARYING LEVELS OF SUPPORT THROUGH WORKED 
EXAMPLES ON ACHIEVEMENT IN SOFTWARE APPLICATION TRAINING  

 
Mental Effort Rating 

Practice session over Forms 
 
Computer #____________(Packet name) 
Forms 
 

1. How easy or difficult did you find exercise 1 (create, navigate, and save a form)? 
 

  1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 
2. How easy or difficult did you find exercise 2? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 
Source: Adapted from Clarke, T., Ayres, P., & Sweller, J. (2005). The impact of sequencing 
and prior knowledge on learning mathematics through spreadsheet application. Educational 
Technology Research and Development, 53(3), 15-24. 



Texas Tech University, Susan Fulgham, May 2008 

126 

THE EFFECTS OF VARYING LEVELS OF SUPPORT THROUGH WORKED 
EXAMPLES ON ACHIEVEMENT IN SOFTWARE APPLICATION TRAINING  

 
Mental Effort Rating 

Practice Session over Filters and Queries 
 
Computer #:____________(Packet name) 
 
Ordering and Finding Data (Queries and Filters) 

 
3. How easy or difficult did you find exercise 1 (Find command)? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 
4. How easy or difficult did you find exercise 2 over creating a query? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
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Ordering and Finding Data (Queries and Filters) 
 
5. How easy or difficult did you find exercise 3? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 

 
Source: Adapted from Clarke, T., Ayres, P., & Sweller, J. (2005). The impact of sequencing 
and prior knowledge on learning mathematics through spreadsheet application. Educational 
Technology Research and Development, 53(3), 15-24. 
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THE EFFECTS OF VARYING LEVELS OF SUPPORT THROUGH WORKED 
EXAMPLES ON ACHIEVEMENT IN SOFTWARE APPLICATION TRAINING  

 
Mental Effort Rating 

Comprehensive 
 
Computer #:____________(Packet name) 
 
Forms 
 

1. How easy or difficult did you find exercise 1 (create and save a form)? 
 

  1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 
2. How easy or difficult did you find exercise 2 (sorting)? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
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THE EFFECTS OF VARYING LEVELS OF SUPPORT THROUGH WORKED 
EXAMPLES ON ACHIEVEMENT IN SOFTWARE APPLICATION TRAINING  

 
Mental Effort Rating 

 
Computer #:____________(Packet name) 

 
3. How easy or difficult did you find exercise 3 (Queries)? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 
4. How easy or difficult did you find exercise 4 (Filters)? 

 
        1. Extremely easy 
    

  2. Very easy 
 

  3. Quite easy 
 

  4. Neither easy or difficult 
 

  5. Quite difficult 
 

  6. Very difficult 
 

  7. Extremely difficult 
 
Source: Adapted from Clarke, T., Ayres, P., & Sweller, J. (2005). The impact of sequencing 
and prior knowledge on learning mathematics through spreadsheet application. Educational 
Technology Research and Development, 53(3), 15-24. 
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THE EFFECTS OF VARYING LEVELS OF SUPPORT THROUGH WORKED 
EXAMPLES ON ACHIEVEMENT IN SOFTWARE APPLICATION TRAINING 

Research Survey 
 
Section 1: Demographics 
 

1. Last four digits of your SS# _______________________Computer #:______ 
 

2. Indicate your sex 
 

  Male     Female 
        

3. Indicate your current academic status 
 

  Freshman      Sophomore      Junior      Senior   Grad Student 
 
4. Indicate your age.  

 
 17 - 21   22 -26   27 – 31   32 – 36   37 and above 

       
5. Rate your computer skill level (5 = expert and 1 = novice).   
                   
        5    4    3    2    1 
 
6. Rate your computer skill level with the software product, Microsoft Access  

(5 = expert and 1 = novice).   
                   
        5    4    3    2    1 
 
7. How many computer classes have you completed at college level? 

 
  5 or more    4    3    2    1 

 
8. Estimate your average weekly Internet usage. 
 
        20+ hours    15-20 hours   10-15 hours   5-10 hours    0-5 hours 
 
9. Estimate how you spend your time on the Internet. (1 = most spent time; 2 = next 

most time spent; 3 = Next to least time spent; and 4 = least of time spent) 
 
 

___Research ___News ___Entertainment ___Communication 
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(PROCEDURES) 
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Introduction to the study 
 
Preparation for computer lab: 
1. Transfer treatment files to each computer. 
2. Start and close Access to ensure the product is running normally. 
3. Install Camtasia and trial run the product. 
4. Label and distribute packets. 
5. Have a sign in sheet to notify instructors for student credit.  
 
(A dialogue delivered to the participants of the study by the researcher.) 
 
First, I would like to thank you for volunteering to participate in the study. The purpose of 
this study is to examine different levels of support, using worked examples, and which level 
of support has a positive or negative effect on achievement scores. A worked example is an 
example of an expert’s solution to a problem.  
 
The lessons contain information for working with the computer application Microsoft 
Access. The lessons and worked examples are computer-based and are located on the desktop 
of your computer. The packet contains paper based materials for the sequence of viewing the 
materials, practice instructions, and a mental effort rating scale. Survey and consent forms 
are also included in the packet. 
 
The order of each lesson proceeds as follows:  
 

1. First view the computerized lesson located on the desktop. Each lesson should take 
about twenty minutes of viewing time. 
 

2. Dependent on what type of worked example your computer has installed on it, you 
will view, interact, or practice with three worked examples.  (This should take 
approximately another fifteen to twenty five minutes, depending on what type of 
worked example you are assigned.) 
 
The first type of worked example requires a participant to view or watch a 
presentation. A second type is a “point and click” worked example, where the 
participant is required to click with the mouse on a designated area of the computer 
screen. The third type of work example is given in the way of instructions and the 
participant will follow the directions with the actual application. The instructions will 
be in a Microsoft Word document which you will tile on the computer screen with 
Microsoft Access. The size has been predetermined, so when you launch both 
products, no needed “sizing” will be required. A lab assistant will help you if you 
have this type of worked example. (The researcher may demonstrate the different 
types so the student will be familiar with the type assigned to his or her computer 
station.) 
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3. A practice session will be given after the worked examples are completed. Practice 
sessions may take an individual about fifteen to thirty minutes, depending on the 
amount of learned material recalled and computer skill level. 
 
Camtasia is used to screen record your movements. Camtasia is a screen recording 
device located on the desktop. You will need to begin Camtasia when starting the 
practice session and stop the product when you complete the exercise. The Camtasia 
file will need to be saved to the desktop. The .avi file created by Camtasia will be 
burned to a CD, along with the files created by the practice session. A CD is included 
in each packet for this purpose. A lab representative will assist in burning the CD for 
each participant. 

 
Lesson 2 will begin on a separate day; day 2. Lesson 2 will follow the same format as the 
first lesson. When you have completed Lesson 2, raise your hand to alert the researcher you 
have completed the first part of the study. 
 
The achievement test or review of material will be given on a third day. Please return to 
complete the second part of the study.  
 
Participation is voluntary. The benefit to participating in the study is an opportunity for you 
to contribute to identifying multimedia use in education. The results will add to the body of 
knowledge about instructional design issues with computer-based systems being used in 
distance education and training. Compensation is available for participation in the study in 
the form of extra credit.  
 
Participant confidentiality will be ensured. Individual results will not be shared; only group 
results will be shared. Coding marks (i.e. computer location and level of support) are needed 
to compare the achievement tests and surveys, but no other identifying marks will be used.  
 
Your refusal to participate will involve no penalty or loss of benefits to which you might 
otherwise be entitled. The achievement score and survey information will have no effect on 
your grade. If you volunteer to participate, you may discontinue participation at any time 
without penalty or loss of benefits to which you might otherwise be entitled.  
 
If there are any questions, you may ask them before the study begins. If you have computer 
related problems, raise your hand and a lab assistant will help you. 
 
If you have decided to be a participant, please complete the sign the consent form and 
complete the survey demographic forms before beginning the study.  
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APPENDIX H 
 

TREATMENT PACKET INSTRUCTIONS 
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Microsoft Access 
Worked Example T1 

 
This experiment will take three days to complete. The first two days will require an hour 
each day to complete two lessons and their accompanying worked examples and practice 
sections. A comprehensive project will be given on the third day. 
 
This experiment consists of two computer-based lessons, several worked examples, practice 
sections, and a comprehensive project. Lesson 1 covers queries and filters. Lesson 2 covers 
how to create and modify forms in Microsoft Access. Each lesson will have several worked 
examples. (A worked example is an example that displays step-by-step the solution to a 
problem.) Practice sections contain instructions for you to try the skills from the lesson and 
worked examples with the actual application. Lessons and worked examples are found on the 
desktop of your computer. Practice materials are located in a folder on the desktop and a 
paper copy is included inside the packet.  
 
A mental effort rating scale is also included in the packet. You will complete the mental 
effort rating scale during the practice section. This scale is your perception of how difficult a 
problem was to complete. 
 
The comprehensive project is an assessment of your learning and will be given separately on 
the third day. It is not included in the packet. 
 
If you have questions or technical problems, please raise your hand and a person will assist 
you. 
 
Day 1 
 
Lesson 1: Approximately 1 hour will be required to complete this lesson, worked examples, 
and the practice section. 
 

1. Lesson 1: Finding and Ordering Data. 
 
On the desktop of your computer is a folder labeled Lesson_1. Inside the folder is an 
application file labeled Queries. Double click the file Queries to launch the 
application. When the lesson is finished you may close the application and proceed to 
the next step. 
 

2. Worked Example 4-1. Open the folder WE4_1 and double click the file WE4_1 to 
view the worked example.  
 

3. Worked Example 4-2. Open the folder WE4_2 and double click the file WE4_2 to 
view the worked example. 
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4. Worked Example 4-3. Open the folder WE4_3 and double click the file WE4_3 to 
view the worked example. 
 

5. Practice: The directions for the practice section on Finding and Ordering Data are 
included in your packet. The files needed to complete the practice section are located 
on the desktop of your computer. If an exercise requires a printout, place the printout 
in the packet given to you. 

 
Day 2 
Lesson 2: Approximately 1 hour will be required to complete this lesson, worked examples, 
and the practice section. 
 
Directions: 
 

1. Lesson 2: Creating and Modifying Forms in Microsoft Access. 
 
On the desktop of your computer is a folder labeled Lesson_2. Inside the folder is an 
application file labeled Forms. Double click the file Forms to launch the application. 
When the lesson is finished you may close the application and proceed to the next 
step. 
 

2. Worked Example 3-1. Open the folder WE3_1 and double click the file WE3_1 to 
view the worked example.  
 

3. Worked Example 3-2. Open the folder WE3_2 and double click the file WE3_2 to 
view the worked example. 
 

4. Worked Example 3-3. Open the folder WE3_3 and double click the file WE3_3 to 
view the worked example. 
 

5. Practice: The directions for the practice section over Forms are included in your 
packet. The database files needed to complete the practice section are located on the 
desktop of your computer. If an exercise requires a printout, place the printout in the 
packet given to you. 

 
 
When you have completed the practice section, turn in the packet and its contents to the 
researcher. Please confirm the day to return to take the comprehensive project, which will 
take approximately one hour. 
 
Thank you for your participation. 
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Microsoft Access 
Worked Example T2 

 
This experiment will take three days to complete. The first two days will require an hour 
each day to complete two lessons and their accompanying worked examples and practice 
sections. A comprehensive project will be given on the third day. 
 
This experiment consists of two computer-based lessons, several worked examples, practice 
sections, and a comprehensive project. Lesson 1 covers queries and filters. Lesson 2 covers 
how to create and modify forms in Microsoft Access. Each lesson will have several worked 
examples. (A worked example is an example that displays step-by-step the solution to a 
problem.) Practice sections contain instructions for you to try the skills from the lesson and 
worked examples with the actual application. Lessons and worked examples are found on the 
desktop of your computer. Practice materials are located in a folder on the desktop and a 
paper copy is included inside the packet.  
 
A mental effort rating scale is also included in the packet. You will complete the mental 
effort rating scale during the practice section. This scale is your perception of how difficult a 
problem was to complete. 
 
The comprehensive project is an assessment of your learning and will be given separately on 
the third day. It is not included in the packet. 
 
If you have questions or technical problems, please raise your hand and a person will assist 
you. 
 
Day 1 
 
Lesson 1: Approximately 1 hour will be required to complete this lesson, worked examples, 
and the practice section. 
 
 

1. Lesson 1: Finding and Ordering Data. 
 
On the desktop of your computer is a folder labeled Lesson_1. Inside the folder is an 
application file labeled Queries. Double click the file Queries to launch the 
application. When the lesson is finished you may close the application and proceed to 
the next step. 
 

2. Interactive Worked Example 4-1. Open the folder IWE4_1 and double click the file 
IWE4_1 to view the worked example.  
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3. Interactive Worked Example 4-2. Open the folder IWE4_2 and double click the file 
IWE4_2 to view and interact with the worked example. 
 

4. Interactive Worked Example 4-3. Open the folder IWE4_3 and double click the file 
IWE4_3 to view and interact with the worked example. 
 

5. Practice: The directions for the practice section on Finding and Ordering Data are 
included in your packet. The files needed to complete the practice section are located 
on the desktop of your computer. If an exercise requires a printout, place the printout 
in the packet given to you. 

 
Day 2 
Lesson 2: Approximately 1 hour will be required to complete this lesson, worked examples, 
and the practice section. 
 
Directions: 
 

1. Lesson 2: Creating and Modifying Forms in Microsoft Access. 
 
On the desktop of your computer is a folder labeled Lesson_2. Inside the folder is an 
application file labeled Forms. Double click the file Forms to launch the application. 
When the lesson is finished you may close the application and proceed to the next 
step. 
 

2. Interactive Worked Example 3-1. Open the folder IWE3_1 and double click the file 
IWE3_1 to view and interact with the worked example. Interaction includes pointing 
and clicking on objects on the screen with the mouse.   
 

3. Interactive Worked Example 3-2. Open the folder IWE3_2 and double click the file 
IWE3_2 to view and interact with the worked example. 
 

4. Interactive Worked Example 3-3. Open the folder IWE3_3 and double click the file 
IWE3_3 to view and interact with the worked example. 
 

5. Practice: The directions for the practice section over Forms are included in your 
packet. The database files needed to complete the practice section are located on the 
desktop of your computer. If an exercise requires a printout, place the printouts in the 
packet given to you. 

 
When you have completed the practice section, turn in the packet and its contents to the 
researcher. Please confirm the day to return to take the comprehensive project, which will 
take approximately one hour. 
 
Thank you for your participation.  



Texas Tech University, Susan Fulgham, May 2008 

140 

Microsoft Access 
Worked Example T3 

 
This experiment will take three days to complete. The first two days will require an hour 
each day to complete two lessons and their accompanying worked examples and practice 
sections. A comprehensive project will be given on the third day. 
 
This experiment consists of two computer-based lessons, several worked examples, practice 
sections, and a comprehensive project. Lesson 1 covers queries and filters. Lesson 2 covers 
how to create and modify forms in Microsoft Access. Each lesson will have several worked 
examples. (A worked example is an example that displays step-by-step the solution to a 
problem.) Practice sections contain instructions for you to try the skills from the lesson and 
worked examples with the actual application. Lessons and worked examples are found on the 
desktop of your computer. Practice materials are located in a folder on the desktop and a 
paper copy is included inside the packet.  
 
A mental effort rating scale is also included in the packet. You will complete the mental 
effort rating scale during the practice section. This scale is your perception of how difficult a 
problem was to complete. 
 
The comprehensive project is an assessment of your learning and will be given separately on 
the third day. It is not included in the packet. 
 
If you have questions or technical problems, please raise your hand and a person will assist 
you. 
 
Day 1 
Lesson 1: Approximately 1 hour will be required to complete this lesson, worked examples, 
and the practice section. 
 

1. Lesson 1: Finding and Ordering Data. 
 
On the desktop of your computer is a folder labeled Lesson_1. Inside the folder is an 
application file labeled Queries. Double click the file Queries to launch the 
application. When the lesson is finished you may close the application and proceed to 
the next step. 
 

2. Worked Example 4-1. Open the folder MWE4_1 and double click the file MWE4_1 
to view the worked example.  
 

3. Worked Example 4-2. Open the folder MWE4_2 and double click the file MWE4_2 
to view the worked example. 
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4. Worked Example 4-3. Open the folder MWE4_3 and double click the file MWE4_3 
to view the worked example. 
 

5. Practice: The directions for the practice section on Finding and Ordering Data are 
included in the packet. The files needed to complete the practice section are located 
on the desktop of your computer. If an exercise requires a printout, place the printout 
in the packet given to you. 

 
Day 2 
Lesson 2: Approximately 1 hour will be required to complete this lesson, worked examples, 
and the practice section. 
 
Directions: 
 

1. Lesson 2: Creating and Modifying Forms in Microsoft Access. 
 
On the desktop of your computer is a folder labeled Lesson_2. Inside the folder is an 
application file labeled Forms. Double click the file Forms to launch the application. 
When the lesson is finished you may close the application and proceed to the next 
step. 
 

2. Worked Example 3-1. Open the folder MWE3_1 and double click the file MWE3_1 
to view the worked example.  
 

3. Worked Example 3-2. Open the folder MWE3_2 and double click the file MWE3_2 
to view the worked example. 
 

4. Worked Example 3-3. Open the folder MWE3_3 and double click the file MWE3_3 
to view the worked example. 
 

5. Practice: The directions for the practice section over Forms are included in your 
packet. The database files needed to complete the practice section are located on the 
desktop of your computer. If an exercise requires a printout, place the printout in the 
packet given to you. 

 
When you have completed the practice section, turn in the packet and its contents to the 
researcher. Please confirm the day to return to take the comprehensive project, which will 
take approximately one hour. 
 
Thank you for your participation. 
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APPENDIX I 
 

EXAMPLE SLIDES  
 

FULL WORKED EXAMPLE 3-1
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Full Worked Example 3-1 
 

 

 
Figure I1:  Slide1-Display Time: 6.00 sec 
 

 
Figure I2:  Slide2-Display Time:15.00 sec 
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Figure I3:  Slide3-Display Time:25.00 sec 
 

 
Figure I4:  Slide4- Display Time:25.00 sec 
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Figure I5:  Slide5-Display Time: 6.40 sec 
 

 
Figure I6:  Slide6-Display Time: 0.20 sec 
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Figure I7:  Slide7-Display Time: 4.00 sec 
 

 
Figure I8:  Slide8-Display Time: 0.20 sec 
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Figure I9:  Slide9-Display Time: 6.50 sec 
 

 
Figure I10:  Slide10-Display Time: 4.00 sec 
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Figure I11:  Slide11-Display Time: 5.30 sec 
 

 
Figure I12:  Slide12-Display Time: 6.22 sec 
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Figure I13:  Slide13-Display Time: 6.90 sec 
 

 
Figure I14:  Slide14-Display Time: 0.20 sec 
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Figure I15:  Slide15-Display Time: 4.00 sec 
 

 
Figure I16:  Slide16-Display Time: 4.90 sec 
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Figure I17:  Slide17-Display Time: 4.30 sec 
 

 
Figure I18:  Slide18-Display Time: 4.00 sec 
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Figure I19:  Slide19-Display Time: 4.00 sec 
 

 
Figure I20:  Slide20-Display Time: 4.00 sec 
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Figure I21:  Slide21-Display Time: 4.30 sec 
 

 
Figure I22:  Slide22-Display Time: 0.20 sec 
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Figure I23:  Slide23-Display Time: 4.10 sec 
 

 
Figure I24:  Slide24-Display Time: 4.30 sec 
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Figure I25:  Slide25-Display Time: 4.00 sec 
 

 
Figure I26:  Slide26-Display Time: 4.30 sec 
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Figure I27:  Slide27-Display Time: 4.00 sec 
 

 
Figure I28:  Slide28-Display Time: 4.30 sec 
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Figure I29:  Slide29-Display Time: 4.30 sec 
 

 
Figure I30:  Slide30-Display Time: 4.30 sec 
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Figure I31:  Slide31-Display Time: 4.30 sec 
 

 
Figure I32:  Slide32-Display Time: 3.00 sec 
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Figure I33:  Slide33-Display Time: 4.00 sec 
 

 
Figure I34:  Slide34-Display Time: 4.00 sec 
 



Texas Tech University, Susan Fulgham, May 2008 

160 

 
Figure I35:  Slide35-Display Time: 4.30 sec 
 

 
Figure I36:  Slide36-Display Time: 4.30 sec 
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Figure I37:  Slide37-Display Time: 3.70 sec 
 

 
Figure I38:  Slide38-Display Time: 4.30 sec 
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Figure I39:  Slide39-Display Time: 4.30 sec 
 

 
Figure I40:  Slide40-Display Time:10.91 sec 
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Figure I41:  Slide41-Display Time: 7.10 sec 
 

 
Figure I42:  Slide42-Display Time: 4.30 sec 
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Figure I43:  Slide43-Display Time: 8.20 sec 
 

 
Figure I44:  Slide44-Display Time: 3.00 sec 
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Figure I45:  Slide45-Display Time: 4.30 sec 
 

 
Figure I46:  Slide46-Display Time: 4.00 sec 
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Figure I47:  Slide47-Display Time: 4.00 sec 
 

 
Figure I48:  Slide48-Display Time: 4.30 sec 
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Figure I49:  Slide49-Display Time: 4.00 sec 
 

 
Figure I50:  Slide50-Display Time: 0.20 sec 
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Figure I51:  Slide51-Display Time: 4.00 sec 
 

 
Figure I52:  Slide52-Display Time: 0.20 sec 
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Figure I53:  Slide53-Display Time: 4.30 sec 
 

 
Figure I54:  Slide54-Display Time: 3.00 sec 
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Figure I55:  Slide55-Display Time: 4.50 sec 
 

 
Figure I56:  Slide56-Display Time:20.00 sec 
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APPENDIX J 
 

MINIMAL WORKED EXAMPLE 3-1 
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Creating and Modifying Forms in Microsoft Access 
Note:  From Microsoft Office XP: Introductory Course 1st edition by PASEWARK. 2002. 
Reprinted with permission of Course Technology, a division of Thomson Learning: 
www.thomsonrights.com. Fax 800 730-2215. 
 
Worked Example 3-1 
In the following worked example, records 
are modified using different methods and 
printed. 
 

The Form Wizard is used to modify 
records.  
 

Forms are modified by adding or changing 
text areas.  
 

Records can be printed.  
 
Overview:  
The following steps are taken to complete 
example 3-1. (You will follow further step-
by-step directions listed after the overview.) 
 
Open the IA Project3-1 database from the 

data files.  
 
Create a new form with the Form Wizard 

using the Employee Information table. 
 

Add the First Name, Last Name, 
Department, Title, and Birthdate fields. 
 

Use the Columnar layout and the 
Standard style. 
 
Title the form Employee Birthdays and 

open the form.  
 

Go to record 3. Trent Broach, and change 
the title to Director of Sales. 
 

Go to record 16. Donna Abbott, and 
change the Birthdate to 10-Jan-59. 
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Print record 16.  
 

Close the form. 
 

Leave the database open for the next 
project. 
 
DIRECTIONS 
Follow the directions below to complete the 
worked example: 
 

1. Open the IA Project 3-1 database. 
2. Select the File menu 
3. Select the Open... menu item 
4. The Open dialog opens 
5. Double-click the Data Files item 
6. Select the IA_Project3_1 item 
7. Click the Open button 

 
Do not be concerned if you get a 
security warning. This file is safe. 
Proceed ahead as normal. Click 
open. 

 
8. Click the Open button 
9. Click the Forms button 

 
Create a new form with the Form 
Wizard. 
 

10. Click the New button 
11. Select the Form Wizard item 
12. Select the New Form combo box 
13. Select the Employee Information 

item 
14. Click the OK button 

 
Adding Fields 
 

15. Select the First Name field 
16. Click the > button 
17. Select the Last Name field 
18. Click the > button 
19. Select the Department field 
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20. Click the > button 
21. Select the Title field and click the > 

button 
22. Select the Birthdate field and click 

the > button 
23. Click the Next > button 
24. Select Columnar  
25. Click the Next > button 
26. Select Standard style. 
27. Click the Next > button 
28. Title the form Employee Birthdays  
29. Select the Open the form to view or 

enter information. 
30. Click the Finish button 
31. The Form View window opens 
32. Click the Next record button 
33. Click the Next record button 
34. Change Trent's title to Director of 

Sales 
35. Click the Last record button 
36. Select the Birthdate text box 
37. Change the birthdate to 10 instead of 

12. 
38. Select the File menu 
39. Select the Print... menu item 
40. Select the Selected Record(s) radio 

button and print the form. 
41. Close the form. 
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APPENDIX K 
 

THOMSON LEARNING COPYRIGHT PERMISSION  
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