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ABSTRACT 

 

 This study investigated the effect of model-centered instruction (MCI) in both individual 

and collaborative contexts. The study focuses on learning effectiveness in acquiring instructional 

design knowledge, developing mental model of instructional design, and acquiring instructional 

design skill by making lesson plans when an expert model is presented and a cognitive 

apprenticeship model is applied within a collaborative context. 

 The main research question is what are the effects of model-centered instruction and 

collaborative learning on achievement and mental model development of novice instructional 

designers? 

 This study included a total of 126 undergraduate students enrolled in four sections of an 

Educational Method and Educational Technology (EMET) course. Four intact groups were assigned 

randomly to four treatment groups for this study. One key factor was model-centered instruction 

(model-centered instruction (MCI) group vs. non-model-centered instruction (non-MCI) group) and 

the other was collaborative learning (collaborative learning group vs. individual learning group). 
Three times during the learning activities, all participants were asked to make lesson plans 

on social studies topics for middle school students. All participants made lesson plan A before the 

instructor taught about instructional design and the strategies used for making a lesson plan. After 

receiving instruction about instructional design and the strategies for making a lesson plan, 

participants revised their lesson plan A using the same topic. According to the treatment condition, 

students in the MCI group were given an expert lesson plan to use while they complete their task—

making a lesson plan. Then, the students in the MCI group had instruction developed according to 

the modeling, coaching, and scaffolding. During this process, the students were asked at each stage 

of the instruction to compare their mental models for making a lesson plan to an expert model for 

that same lesson plan task. On the other hand, the expert model was not presented to the non-MCI 

group. Therefore, the non-MCI group students did not have opportunities to compare their mental 

models to an expert model. Instead, they received standard instruction and were asked to evaluate 

their mental models for making a lesson plan using principles of instructional design theory and 

tactics for making lesson plan. 

 The learners in the collaborative learning group revised lesson plan A with their partners, 

and the learners in individual learning group worked alone. After the learners in the collaborative 

learning group completed the lesson plan, they presented their lesson plans to the whole class. 
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During the presentation they could articulate their mental models of making a lesson plan. Then, 

their classmates asked some questions or gave suggestions or comments to improve the lesson plans. 
 The dependent variable was learning effectiveness as measured by three types of 

performance: (a) responses to questions for measuring mental model improvement about 

instructional design; (b) the overall quality of their lesson plans; and, (c) scores on general 

knowledge tests of the instructional design process as judged by acknowledged expert practitioners. 

To assess the quality and improvement of the mental model of instructional design, the learners’ 

mental model about instructional design was compared with the expert model. The similarities 

between the expert’s model and the students’ model were calculated by the T-MITOCAR program 

which is a language-based diagnosis tool. 

 Results of the analysis showed that there was statistically significant difference between 

the collaborative learning group and the individual learning group on the general knowledge test. 

Also, the results of the data analysis about instructional design skill indicated that there were 

statistically significant differences between the MCI and non-MCI groups on instructional design 

skills as well as between the collaborative and individual groups. Also, there was interaction effect 

of MCI in the collaborative learning group and the individual learning group on instructional design 

skill. 

 The results indicated that the use of model-centered instruction with an expert model was 

effective in improving learners’ instructional design skills. Also, the results suggested that 

collaborative learning was helpful for novice learners to enhance general knowledge of instructional 

design and instructional design skill. Therefore, this study provides support for the basic theoretical 

assumptions that novice learners need a chance to modify their mental models by comparing them 

with expert models as well as collaborative learning with their peers for effective learning. 
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CHAPTER I 

INTRODUCTION 

 

Context of Problem 

 

Mental models are internal representations of experiences and events that people create and 

use to understand new or unusual or complex phenomena. According to Seel (2004), models aid in: 

(a) envisioning a structure and associated relationships believed to be relevant to the phenomena, 

(b) simplifying investigations of the phenomenon, (c) constructing analogies to explain observed 

events, and (d) simulating a system’s processes to test hypotheses and predict outcomes in various 

circumstances. Model-centered instruction is an approach to the design of intentional learning 

environments which is based on the notion of mental models in cognitive psychology. Mental model 

theory postulates that individuals create internal representations (mental models and schema) in 

order to understand and explain experience and events (Johnson-Laird, 1989). Mental models are 

created just when needed to make sense of a new or unusual or complex phenomenon (Seel, 2003). 

Highly experienced and skilled individuals have automated response mechanisms (schema) 

resulting from repeated construction of similar mental models for situations perceived to be similar 

in relevant ways. Model-centered instruction is aimed at accelerating the process of expertise 

acquisition by making explicit use of models during instruction – especially models that are 

believed to help individuals acquire mental representations similar to those of known experts. 

Specifically, model-centered instruction integrates problem solving processes, visualization of the 

problem space, and worked-out examples into learning activities so as to facilitate and help novice 

learners improve their problem solving processes (Mayer, 1989; Milrad, Spector, & Davidsen, 

2003; Seel, 2001; Spector, Dennen, Koszalka, 2005). 

Several types of methods to apply model-centered instruction have been suggested. 

Wittrock’s generative learning approach, cognitive apprenticeship, anchored instruction, and case-

based learning are all variations of model-centered instruction (Seel, Al-Diban, & Blumschein, 

2000). Among these approaches, the cognitive apprenticeship approach nicely illustrates the basic 

�G�X



�G

tenets of model-centered instruction. Cognitive apprenticeship makes use of an expert's conceptual 

model as a central component in the design of various learning activities and instructional support. 

Scaffolding is based on current student (mis)understanding and an expert’s conceptual model.   

According to Collins and colleagues (1991), effective learning environments could be 

constructed by six successive teaching methods: modeling, coaching, scaffolding, articulation, 

reflection and exploration. Evaluating learners’ thought processes and comparing them with others 

is essential in the reflection phase. As a consequence, in the cognitive apprenticeship approach, 

collaborative learning is a very effective strategy in the reflection phase.   

Lou, Abrami, and d’Apollonia (2001) suggested that collaborative learning positively 

affects performance on problem-solving processes. The result of a meta-analysis revealed that 

collaborative learning is well suited for problem solving tasks (Lou, 2001). Also, Nussbaum (2002) 

suggested that providing scaffolds can develop higher-order thinking skills. Vygotsky (1978) 

suggested that learners should be scaffolded by a more capable peer to solve a problem or carry out 

a task that would be beyond what the learners could accomplish independently. Therefore, if the 

learner can observe other problem solving processes and collaborate with others, it would be very 

helpful for learners to solve problems (Ericsson, 1996). 

Recently a number of researchers have focused on comparing expert problem solving 

processes with those of novices (Basque, Pudelko, & Léonard, 2004; Ericsson, 2002). Experts are 

individuals who consistently demonstrate superior performance on tasks designed to capture 

essential aspects of skill in the domain under investigation (Ericsson, 1996). Experts notice features 

and meaningful patterns of information that are not noticed by novices. In addition, experts have 

acquired a great deal of content knowledge that is organized in ways that reflect a deep 

understanding of their subject matter.  

However, research comparing expert and novice problem solving processes did not suggest 

how to facilitate novice learners’ problem solving processes. There is little research on how model-

centered instruction facilitates novice learners’ problem solving processes nor is there very much 

research on the differential effects of individual and collaborative work on the problem solving 

processes of novices.  

This is an exploratory study even though a quasi-experimental, two-by-two factorial design 

was used because some of the instruments used were not tested for reliability and validity.   
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Purpose of the Study 

�G

The purpose of this research is to investigate how model-centered instruction and 

collaborative learning can facilitate novice instructional designers in gaining competence and 

developing skills.  

 

Research Questions 

�G

The main research question in this study is this: What are the effects of model-centered 

instruction and collaborative learning on achievement and mental model development of novice 

instructional designers? Specific research questions are: 

 

1. What are the effects of model-centered instruction and collaborative learning on novice learners’ 

acquisition of instructional design knowledge? 

1.1 Does the use of model-centered instruction in the instructional design curriculum facilitate 

novice learners’ acquisition of instructional design knowledge? 

1.2 Does the use of collaborative learning in the instructional design curriculum facilitate 

novice learners’ acquisition of instructional design knowledge? 

1.3 Is there an interaction effect between model-centered instruction and collaborative learning 

strategies on the acquisition of instructional design knowledge for novice learners? 

 

2. What are the effects of model-centered instruction and collaborative learning on developing 

novice learners’ instructional design mental models? 

2.1 Does the use of model-centered instruction in the instructional design curriculum facilitate 

developing novice learners’ instructional design mental models? 

2.2 Does the use of collaborative learning in the instructional design curriculum facilitate 

developing novice learners’ instructional design mental models? 

2.3 Is there an interaction effect between model-centered instruction and collaborative learning 

strategies on developing novice learners’ instructional design mental models? 

 

3. What are the effects of model-centered instruction and collaborative learning on novice learners’ 
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acquisition of instructional design skills? 

3.1 Does the use of model-centered instruction in the instructional design curriculum facilitate 

novice learners’ acquisition of instructional design skills? 

3.2 Does the use of collaborative learning in the instructional design curriculum facilitate 

novice learners’ acquisition of instructional design skills? 

3.3 Is there an interaction effect between model-centered instruction and collaborative learning 

strategies on the acquisition of instructional design skills for novices? 

 

For the purposes of this study, novices are undergraduate students enrolled in an educational 

methods and educational technology course who have little practical instructional design experience 

outside the classroom. Expert for this study is a person with significant academic and practitioner 

expertise in instructional design field. The expert has more than 10 years experience of instructional 

design field and advanced degrees. Instructional design knowledge and skills are the knowledge and 

skills exhibited by experienced instructional designers and recognized experts in response to 

representative instructional design tasks. Representative instructional tasks consist of the creation of 

teaching plans for the environments in which they are likely to be working. 
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CHAPTER II 

REVIEW OF RELEVANT LITERATURE 

 

The essential assumption underlying this study is that model-centered instruction and 

collaborative learning can facilitate the acquisition of novice learner’s instructional design expertise. 

Model-centered instruction that uses expert models and cognitive apprenticeship strategies can 

facilitate novice learners’ problem solving processes through reflection on their mental models. Also, 

collaborative learning can provide opportunities for reflection on problem solving processes 

through discussion and communication with peers. Based on these assumptions, the purpose of this 

chapter is to review the existing literature related to of this study. This chapter contains the 

following three sections.  

The first section discusses the theoretical background of model-centered instruction. This 

section starts by defining a mental model and is followed by a review of the theoretical foundations 

of model-centered instruction and the assessment. Specifically, this section presents a cognitive 

apprenticeship approach as a method to be applied within model-centered instruction. 

The second section discusses collaborative learning from diverse perspectives. Then, how 

collaborative learning strategies can affect novice learners’ problem solving processes is discussed.  

The third section presents the theoretical background on experts and the nature of expertise. 

Also, this section reviews previous research on the acquisition and development of expertise and the 

difference between experts’ and novices’ problem solving processes. 

 

Model-Centered Instruction 

�G

Mental model 

Mental models have been studied by cognitive scientists in order to understand how humans 

know, perceive, make decisions, and construct behavior in a variety of environments. Many scholars 

have tried to define mental models and explain their functions. According to Craik (1943) who first 
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mentioned the term ‘mental model’, people experience reality only mediated by a mental model, 

which is an internal mental construct. Gentner and Stevens (1983) proposed that mental models give 

humans information on how physical systems work. According to Seel (2001), learners interact with 

a physical or social situation and “construct a mental model in order to simulate relevant aspects of 

the situation to be cognitively mastered” (p. 406). People naturally try to explain unusual events and 

phenomena. To do so, they construct internal representations that integrate and link unusual 

phenomena to things they already understand. That means the people construct a model which 

integrates the relevant knowledge of the world and also meets the requirements of the situation to be 

explained. This mental model works when it fits the individual’s knowledge as well as the 

explanatory needs with regard to the particular situation to be cognitively mastered. Therefore, the 

learner has to search continuously for information in a learning environment in order to complete or 

stabilize a mental model which corresponds to prior understanding of the material to be learned. 

Johnson-Laird (1983) argues that a mental model is used in a deductive reasoning process that 

humans go through to solve problems. Therefore, Johnson-Laird said: 

mental models play a central and unifying role in representing object’s states of affairs, 

sequences of events, the way the world is, and the social and psychological actions of daily life. 

They enable individuals to make inferences and predictions, to understand phenomena, to decide 

what action to take and to control its execution, and above all, to experience events by proxy 

(p.397).  

Seel (2004) argues that models serve to simplify an investigation about a particular 

phenomenon and envision a structure with relationships to be used to explain the phenomenon. In 

addition, models help an individual to construct analogies to explain observed events and to 

simulate a system’s processes to test hypotheses and predict outcomes in various situations. 

From an instructional point of view, a mental model progression can be defined as a learning-

development transition (Seel 2001). According to Snow (1990), this progression occurs between 

preconceptions, that is initial states of the learning process, and causal explanations, that is the 

desired end states of learning. A mental model is a cognitive artifact which is a dynamic structure 

created to solve problems and answer questions in problem solving situations. Therefore, mental 

models are constructed from the significant properties of external situations, including learning 

environments in schools, and the subject’s interactions with these well-designed situations (Seel, 

2003). However, model-related learning depends on the learner’s domain-specific knowledge and 

related cognitive structures, as well as the nature of the material to be learned. In addition, model-
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related learning relies on the modality in which the contents to be learned are presented and 

delivered by the media and the method of teaching applied. 

 

Mental model assessment 

Assessment is an important component of instruction to provide opportunities for feedback, 

revision and reflection on learning. Mental model construction cannot be viewed or assessed 

directly. Mental model assessment relies on the investigation of re-representations, which are 

external representations derived from internal representations. Also, the re-representations are 

considered to be transformations of the corresponding internal mental states. According to Seel 

(2004) there are some standard methods for the assessment of mental models, such as: (a) 

experimental methods based upon the systematic observation of the learners’ behavior when dealing 

with learning tasks, (b) protocol analysis including verbal reports, think-aloud data, and content 

analysis, and (c) computer modeling and simulation. 

In order to assess the learning-dependent progression of mental models of economics, Seel 

and his colleagues (2000) used causal diagrams as tools to capture representations of learners’ 

responses to typical problem scenarios in the domain. Also, Coffey and his colleagues (Coffey, 

Hoffman, Canas, & Ford, 2002) used a tool for knowledge elicitation from experts in a study of 

weather forecasting. The technique demanded the learners to externalize their mental models by 

creating concept maps. Concept mapping is a reliable and valid method of measuring the learners’ 

subjective assumptions about the causality of a dynamic system as well as of appropriate external 

representations of the learners’ mental models of that system. 

Spector and Koszalka (2004) developed the Dynamic Evaluation of Enhanced Problem-

solving (DEEP) methodology. The methodology is based on a perspective which is learning as 

becoming like an expert and involves identification of characteristic problems in a complex task, 

elicitation of expert and novice patterns of responding to the problems, representation of the 

responses, measurement of similarities and differences between expert and novice and assessment 

of changes in responses over time. The DEEP methodology is intended for complex problems 

including causal relationships. Also, a variety of graphical representations, such as semantic 

networks, flowcharts, causal diagrams, can be accommodated in the methodology. The DEEP 

methodology supports assessments of individual learning in problem solving.  

Ifenthaler and Seel (2005) designed a computer-based multimedia learning environment and 

conducted two studies to assess learning dependent progression of mental model construction. 

�G�^



�G

Simple causal diagrams and a stochastic model as an assessment tool were used. Ifenthaler and Seel 

assessed similarities or dissimilarities of learners’ mental models by transition probabilities. 

Microsoft PowerPoint® was used by learners to externalize their mental model changes.  

Most of the studies that assess mental models use directly drawn or constructed graphical 

representations for the analysis. Pirnay-Dummer (2007) developed a language-based diagnosis tool. 

The tool uses an individual’s natural language as the external representation and then generates a 

graphical representation. Pirnay-Dummer suggests that the use of natural language to assess mental 

model construction can be effective because the use of natural language requires less training than 

the use of graphical tools and more formal methods. How different tools for external representations 

influence what is to be represented has not been explored. Even though language-based approaches 

such as structural mapping, concept mapping, and causal diagrams have been used, these 

approaches are only used to supplement graphical approaches. Think-aloud-protocol analysis 

(Someren, Barnard, & Sanberg, 1994) might be used to investigate individual’s knowledge or as a 

qualitative control instrument for graphical approaches. Think-aloud-protocol analysis cannot easily 

be used to assess teams and larger groups, and the analysis is time consuming and tedious, As a 

consequence, think-aloud-protocol analysis cannot be used in classrooms and work settings (Spector, 

Dennen, & Kozalka, 2005). 

 

Model-centered instruction (MCI) 

According to Mayer (1989), “students given model instruction may be more likely to build 

mental models of the systems they are studying and to use these models to generate creative 

solutions to transfer problems” (p. 47). As a consequence, many studies on the learning dependent 

progression of mental models focused on the internalization of conceptual models which the 

learners were provided with in the course of instruction (Seel, Al-Diban, & Blumschein, 2000; Seel 

& Dinter, 1995). 

Model-centered instruction (MCI) is an important instructional method for cognitive learning 

that focuses on the symbolic activities which people use in constructing and making sense of the 

world and of themselves. The core of MCI approach is to give students an expert model at the 

beginning of instruction and let students reflect and compare their mental models to the initial 

expert model during instruction. When students first start to solve the given problem, they have an 

initial working model that they try to use to solve the problem, but they usually fail in their first 

attempt. Then, they revise their answers and problem solving processes by comparing their own 
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models with an expert model, and test their revised solutions again. After that, if they still fail to 

solve the problem, they revise repeatedly until they succeed in solving the problem. Therefore, the 

expert model is the starting point in MCI. In MCI, students are given a task from an instructor, 

which an expert has solved, and then an instructor asks students to compare their own problem 

solving processes with the expert model in the coaching and scaffolding phases of MCI. Through 

this process, an instructor helps the students to imitate the expert model and guides the progression 

in order to solve the problem. However, if learners had prior experience and confidence in their own 

mental model constructions, the expert model was not effective (Seel et al., 2000). 

Model-based learning and instruction or model-orientated learning and instruction might be 

similar learning and instructional method to model-centered instruction because model-based 

learning and instruction uses also initial working model at the initial stage of learning and 

instruction. However, there are some differences between two methods. While model-based 

learning focuses on the initial working model given to learners (Mayer, 1989), model-centered 

instruction focuses on learners’ reflection and mental model change processes after giving an initial 

working model. Model-facilitated learning and instruction focuses on meaningful learning 

experiences that involve learners in reasoning about relationships between the structure and the 

dynamics of complex systems (Milrad, Spector, & Davidsen, 2002). Therefore, model-facilitate 

learning and instruction suggests multiple representations to help students develop an understanding 

of problem solving process. 

According to Mayer (1989), a conceptual model can be a special kind of comparative 

advanced organizer or text illustration. That means an organizer or illustration showing how the 

content is organized or how the parts and operations of a system fit together can serve as a 

conceptual model to learners. While Ausuble’s advance organizers are somewhat similar to the 

initial conceptual model provided in model-centered instruction, an advanced organizer was not 

operating within the context of mental model theory.  

There are many variations of model-centered instruction such as Wittrock’s generative 

learning approach (Kourilsky & Wittrock, 1992), cognitive apprenticeship (Collins, Brown, & 

Newman, 1990), anchored instruction (CTGV, 1990), and case-based learning (Schank, Fano, Bell, 

& Jona, 1993). Among them, the cognitive apprenticeship method nicely demonstrates the basic 

principles and concepts of model-centered instruction (Seel et al., 2000). 
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Cognitive apprenticeship  

Novices can benefit from models of expert problem solving processes. If they receive 

coaching in using similar strategies, novices might solve the problem a more easily and more 

effectively (Brown, 1989). In the cognitive apprenticeship approach, students are provided with an 

expert’s conceptual model. Therefore, cognitive apprenticeship principles provide very useful 

insights and implications in designing and developing comprehensive and holistic learning 

environment that can be applied to model-centered instruction and learning. 

Cognitive apprenticeship is similar to traditional apprenticeship. Many complex and 

important skills are learned informally through apprenticeship methods. The main characteristic of 

cognitive apprenticeship is early and direct coaching in an experiential context to support individual 

task performance, followed by a fading of such support along with gradual introduction of 

increasingly challenging tasks (Collins, Brown, & Holum, 1991). In cognitive apprenticeship, 

learning can be achieved by the systematic design of instruction and a curriculum based on the 

fundamental characteristics drawn from traditional apprenticeship and research-based principles of 

effective instruction. The cognitive apprenticeship method has several phases for teaching and 

learning that are drawn from social constructivist learning theory. Cognitive apprenticeship guides 

learning using social interactions with an instructor and peers, including the negotiation of content 

and goals and facilitated and refinements in understanding (Dennen, 2002). 

 Collins and his colleagues (1991) suggested principles for designing cognitive 

apprenticeship environments that included four broad dimensions: the content, methods, sequencing, 

and sociology of teaching. In the methods dimension, the ways to promote the development of 

expertise were emphasized. Six phases for teaching - modeling, coaching, scaffolding, articulation, 

reflection, and exploration - were suggested. In the modeling phase, teachers can show an expert 

performing a task or the teacher can perform the task so that students can observe and build a 

conceptual model of the processes required. In the coaching phase, the teacher observes students 

while the students carry out a task. Then the teacher can offer hints, scaffolding, feedback, more 

modeling, reminders, and new tasks in order to bring the students’ performance closer to expert 

performance. In the scaffolding phase, teachers can provide support to help the student perform a 

task. However, scaffolding is different from coaching as the teacher executes parts of the task which 

the student cannot manage. Eventually, the help offered by the teacher fades. In the articulation 

phase, methods of getting students to articulate their knowledge, reasoning, or problem-solving 

process are involved. The teacher can encourage students to verbalize their knowledge and their 

�G�X�W



�G

thoughts. In the reflection phase, students are able to compare their problem-solving processes with 

those of an expert or with those of other students. Finally, students can solve their own problems 

and reflect on the quality of their solutions in the exploration phase.  

 Seel and colleagues (2000) classified modeling, coaching and scaffolding as receptive 

meaningful learning stage; articulation and reflection were classified as metacognition, exploration 

was classified as application and transfer. These methods are summarized in Figure 2.1. 

 

Figure 2.1 The cognitive apprenticeship dimension method and its six components  
(From Seel, Al-Diban, & Blumschein, 2000) 

 

The cognitive apprenticeship method can be applied appropriately as an MCI approach to 

teach the processes that experts use to solve complex tasks. By observing the expert problem 

solving processes, students can learn to solve problems in a more effective and skillful way. This 

learning-through-guided-experience is not as appropriate for physical skills or processes of 

traditional apprenticeships, but they are well suited for complex problem solving skills (Collins, 

Brown, & Newman, 1990).  

 

Previous research  

Research has been conducted to examine the effects of model-centered learning and 
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instruction. Some studies closely followed the principles of model-centered learning and instruction, 

such as presenting an initial working model, giving learners opportunities for reflection and 

representation of mental models. However, many studies used instruction just showed models or 

asked that students to represent their mental model without giving them a chance to reflect on their 

mental models or compare them to an initial working model. 

In two studies of learning-dependent progression of mental models, Ifenthaler and Seel 

(2005) assessed learners’ mental model changes. They selected secondary school students and 

randomly assigned the learners into two groups: (a) a self-guided learning group, and (b) 

scaffolding based learning group. Then the learners were asked to construct two models, an 

explanation model and an analogy model based on a computer-based multimedia learning 

environment.  The learning environment was assessed based on geology and geophysics and used 

eight and seven times, respectively. However, the researcher did not provide any expert model with 

the learning module. As a result, the learner’s ability to construct their own mental models was not 

affected by an expert model. The results revealed that there was a probability of change between the 

preconception model and the first learning-day explanation models. Ifenthaler and Seel (2005) 

explained that a high probability of change was expected because the learners got new knowledge 

concerning the phenomenon in question. On the contrary, there was a decrease in the probability of 

change from the first day is explanation model to the last day is explanation model. They argued 

that learners who had prior experience and confidence in their own constructions were not easily 

influenced by new experience or initial working models. 

Seel and colleagues (2000) studied the effect of model-centered instruction with the sequence 

proposed by cognitive apprenticeship (modeling, coaching, scaffolding, articulation, reflection, and 

exploration) within a multimedia learning environment. In the modeling phase, an expert 

demonstrates a problem’s solution, and then learners gain a conceptual model by observing the 

expert’s problem solving process. In the coaching and scaffolding phase, the learners are supervised 

and given guidance from an instructor in order to find solutions to given task. In the articulation and 

reflection phases, the learners use thinking aloud protocol and evaluate their processes by 

comparing the models with others. Lastly, in the exploration phase, the learners solve transfer tasks. 

The result indicated that the participants applied their initially constructed mental models to 

mastering the learning tasks and the models were stable even though they changed after the learning 

period.  

Still there is inadequate research on the effects of model-centered instruction that integrates 
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the use of an expert model. As a consequence, this research is aimed at filling that gap in the 

research. Moreover, there is an associated gap in the research with regard to the interaction of 

collaboration, integration of expert models and model-centered instruction, which is the particular 

focus of this dissertation study. Next the research literature on collaborative learning and problem 

solving is reviewed. 

 

Collaborative learning and problem solving 

 

Collaborative learning 

Collaboration involves working together to accomplish shared goals. During collaborative 

activities learners look forward to outcomes that are beneficial to themselves as well as to other 

group members. Collaborative learning can be used for instruction with small groups enabling 

students to work together to maximize their own learning as well as contribute to others. There is a 

positive interdependence among students’ goal achievement in collaborative learning situations. 

That is to say that students realize that they can best achieve their own learning goals when the 

other students in the learning group achieve theirs (Jonassen, 1999). 

 According to the cognitive developmental and constructivist perspectives of Piaget (1972) 

and Vygotsky (1978), when an individual collaborates with others in an environment, sociocognitive 

conflict occurs which can creates cognitive disequilibrium which is beneficial to learning. Also, the 

knowledge is social, as it is constructed from collaborative efforts to learn, understand, and solve 

problems (Jonassen, 1999). 

 The behavioral learning perspective was also concerned with the impact of group 

reinforcers and rewards in collaborative learning. For example, Skinner focused on group 

contingencies (Skinner, Skinner, Skinner, & Cashwell, 1999) and Bandura (1962) focused on 

imitation. Also, Homans (1974) and Thibaut and Kelley (1959) focused on the balance of rewards 

and costs in social exchange among interdependent individuals (Jonassen, 1999). More recently, 

however, researchers have addressed collaboration from a social interdependence perspective.  

 Social interdependence exists when individuals share common goals and each person’s 

success is affected by the behaviors of the others (Johnson & Johnson, 1989). Social dependence and 

social independence may be distinguished. For example, if one person’s outcomes are affected by the 

actions of a second person, but not vice versa, that is a social dependence situation. However, if 
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individuals’ outcomes are unaffected by each other’s actions, that is a social independence situation. 

There are two types of social interdependence: collaborative and competitive.  

 According to social-cognitive theory (Bearison, 1982; Johnson & Johnson, 1989; Johnson 

& Johnson, 1995; Perret-Clermont, 1980), cognitive development is facilitated when learners work 

collaboratively with peers on tasks that require coordination of actions or thoughts. Also, from a 

learning perspective, when conflict exists among each learner’s concepts and points of view during 

collaboration, learner’s cognition can be developed. In addition, if learners achieve a successful and 

equitable (members contributing approximately equally) resolution during the conflict, their 

cognitive development will be facilitated by the process (Bearison, Magzament, & Filardo, 1986; 

Damon & Killen, 1982). To create the conditions under which cognitive development takes place, 

learners have to work collaboratively, challenge each other’s points of view, and resolve any 

cognitive conflicts. These views are summarizing in Table 2.1. 

 

Table 2.1 

Different perspectives on collaboration 

Perspective 
Cognitive developmental 

perspectives (Piaget) 

Behavioral learning 

perspectives (Skinner) 

Social-cognitive 

perspectives (Vygotsky) 

Characteristics 

�Œ Cognitive conflict  

occurs 

�Œ Create cognitive 

disequilibrium 

�Œ Stimulate perspective - 

taking ability and 

cognitive development

�Œ Impact of group and 

reinforcers and 

rewards on learning 

�Œ Facilitated by working 

with peers 

collaboratively 

�Œ ZPD(Zone of Proximal 

Development) 

 

Problem solving 

 Problem solving is regarded as one of the most important cognitive activities in everyday 

life and a primary goal of the education process (Jonassen, 1999; Phye, 2001). According to Qin and 

Simon (1995), problem solving is defined as a process that requires participants to form a cognitive 

representation of a task, plan a procedure for solving it, execute the procedure and check the results. 

 From a cognitive point of view, problem solving can be defined as a cognitive process that 

involves forming an initial representation of the problem. Also, problem solving involves planning 
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potential sequences of action, such as strategies and procedures, to solve the problem, executing the 

plan and checking the results.  

 It is clear that problems vary in their nature, in their presentation, in their components, and 

certainly in the cognitive and affective requirements for solving them. Jonassen (1997) and others 

have distinguished well-structured from ill-structured problems, and articulated different kinds of 

cognitive processes engaged by each. Well-defined problems have a clearly specified goal and 

representation. Their operational rules are clearly constructed, and once the operation steps are 

identified, the problem can be solved. A well-defined problem is one in which the objects or goals 

and the representation of the problem are completely specified. The most obvious examples of well-

defined problems are mathematics and chess problems. Well-defined problems require reproductive 

thinking and the application of already known solution procedures. 

 On the other hand, ill-defined problems are those for which there is an uncertainty 

concerning the operational procedures and the goals of the problem (Jonassen, 1997). When people 

decide to paint pictures, write books, or perform experiments, they are undertaking ill-defined tasks. 

Many real-life problems are ill-defined. The processes for solving ill-defined problems are different 

from situation to situation, from problem to problem, and from individual to individual. In other 

words, solving an ill-defined problem requires generating a creative or novel representation and 

procedure primarily based on imagination. 

 Jonassen (2000) suggested ten different types of problem solving outcomes, including 

logical problems, algorithmic problems, story problems, rule-using problems, troubleshooting, 

diagnosis-solution problems, case method problems, design problems, and issue-based problems. 

This range of problem types describes a continuum of problem-solving outcomes ranging from well-

structured to ill-structured, abstract to concrete, and simple to complex.  

 

Collaborative learning and problem solving 

 Current research suggests that a collaborative learning environment can positively affect 

performance on well and ill-structured problem-solving tasks. Lou, Abrami, and d'Apollonia (2001) 

conducted a meta-analysis of 122 studies that examined small groups and individuals learning with 

technology. In the research, they examined the effect of collaboration on the problem solving tasks. 

The results reveal that a collaborative learning environment is well suited for some problem-solving 

tasks. Collaboration was found to improve performance on complex or higher order thinking 

activities in several studies conducted to analyze the effect of a collaborative environment on 
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problem solving (Chang & Smith, 1991; Johnson, Johnson, & Smith, 1991; Mergendoller, Maxwell, 

& Bellisimo, 2000). Jonassen (2003) suggested that it is important to engage learners in social 

negotiation to reveal multiple views and perspectives for solving complex and ill structured problem. 

Learners have to select and justify optimal solutions based on reasoning and evidence to solve an ill- 

structured problem. Collaborative learning can help peers and mentor by offering electronic guidance 

and feedback that stimulate student discussion and internal reflection. 

 According to Qin and Simon (1995), collaborative efforts produce high quality problem 

solving on a wide variety of problems that require different cognitive processes. Collaborators can 

increase problem-solving success because collaboration allows an exchange of information and 

insights among the collaborators. Collaboration also facilitates the generation of a variety of 

strategies to solve the problem in addition to increasing the ability to translate a problem statement 

into equations and to develop a shared representation of the problem.  

 Nussbaum (2002) also suggested that providing scaffolds can develop an individual’s 

capacity for higher-order thinking skills. According to Vygotsky (1978), learners should be guided or 

scaffolded by a more capable peer to solve a problem or carry out a task that would be beyond what 

the learners could accomplish independently. The notion of scaffolding has traditionally emphasized 

the role of dialogue and social interaction to foster comprehension - monitoring strategies (Palincsar 

& Brown, 1984; Palincsar, Brown, & Martin, 1987). However, externalized support during problem 

solving has also been accomplished through strategies such as modeling (Schoenfeld, 1985), 

prompting (Scardamalia, Bereiter, McLean, Swallow, & Woodruff, 1989; Scardamalia, Bereiter, & 

Steinbach, 1984), and guided student-generated questioning (King, 1994). Such strategies have been 

found to be effective in fostering comprehension, monitoring, problem solving (Palincsar & Brown, 

1984; Scardamalia, Bereiter, McLean, Swallow, & Woodruff, 1989), and reflective thinking (Lin, 

Hmelo, Kinzer, & Secules, 1999).  

 Ill-structured problems have vaguely defined or unclear goals (Voss, 1988). The 

information needed is not entirely contained in the problem statements (Chi & Glaser, 1985). In case 

of well-structured problems, there is a formula or procedure or rules to solve the problem. However, 

ill structured problem is more complex than well structured problem. There is no one rule or one 

procedure to solve an ill-structured problem. Also, there may be more than one acceptable solution. 

So, the problem solver may need more help and scaffolding. Observing other problem solving 

processes, collaborating with others and getting some help from others will help learners solve ill 

structured problem.   
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 Also, in supporting complex and ill-structured problem solving, it is important to engage 

the learners in a social negotiation to reveal multiple views and perspectives and to select and justify 

optimal solution based on reasoning and evidence (Jonassen, 1999). Therefore, scaffolding strategies 

could be adapted to support students' cognitive and metacognitive skills during ill-structured problem 

solving (Ge & Land, 2003). 

 In addition, a meta-analysis of the use of collaborative learning in higher education courses 

indicated that collaborative learning promotes higher achievement, higher order reasoning, more 

frequent generation of ideas and solutions, and greater transfer of learning than individual or 

competitive learning strategies (Johnson, Johnson, & Smith, 1991). 

 In addition to the above principles, scaffolding has to be concerned with supporting ill-

structured problem solving process. Some directions and guidance to scaffold problem solving 

should be given. According to Vygotsky (1978), scaffolds serve as aids during the initial learning of 

a complex skill or cognitive strategy and they provide assistance at critical times in the form of 

skills, strategies, knowledge, and links that the students use to complete the task. Scaffolds include 

guidelines, clear objectives, partial solutions or examples, concept maps, or embedded structures in a 

collaborative learning environment.  

 According to Mathieu and colleagues (Mathieu, Heffner, Goodwin, Salas, & Cannon-

Bowers, 2000), shared mental models are organized knowledge members have in common regarding 

the task, goals, and strategies. Shared mental models might be developed by collaboration with group 

members. Through the collaborative process, team members can share their cognition or external 

representation. Cooke and colleagues (Cooke, Salas, Cannon-Bowers, & Stout, 2000) discuss the 

measurement of shared mental model. They discuss Path finder, multidimensional scaling, 

interactively elicited cognitive mapping, and text-based cognitive mapping. However as they 

mentioned in the study, verbal protocol analysis is the most commonly used technique and multiple 

measures are necessary to adequately study team mental models. In the perspectives T-MITOCAR is 

a more appropriate measurement instrument than other methods. It will discuss more detail in 

method section. 

  

Expertise theory 

 

Experts and expertise 
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Experts can be defined as individuals who can consistently demonstrate superior performance 

on tasks designed to capture essential aspects of skill in the domain under investigation (Ericsson, 

1996). Experts are not simply general problem solvers who have a lot of strategies to operate across 

all domains. Experts recognize meaningful patterns of information compared to novices (Bransford, 

Brown, & Cocking, 1999). Therefore, the term ‘expert’ is used to describe highly experienced 

professionals such as medical doctors, accountants, teachers and scientists. However, any individual 

who attained superior performance by instruction or practice can be called an expert, such as highly 

skilled performers in the arts, music, painting, writing, sports, and chess. 

Bransford and his colleagues (1999) summarized key scientific findings that have come 

from the study of people who have developed expertise in areas such as chess, physics, 

mathematics, electronics, and history. They considered several key principles of expert’s 

knowledge and their potential implications for learning and instruction. 

�ƒ Experts notice features and meaningful patterns of information that are 

not noticed by novices. 

�ƒ Experts have acquired a great deal of content knowledge that is organized 

in ways that reflect a deep understanding of their subject matter. 

�ƒ An expert’s knowledge cannot be reduced to sets of isolated facts or 

propositions but, instead, reflects contexts of applicability: that is, the 

knowledge is conditionalzed on a set of circumstances. 

�ƒ Experts are able to flexibly retrieve important aspects of their knowledge 

with little attentional effort.  

�ƒ Though experts know their disciplines thoroughly, this does not guarantee 

that they are able to teach others. 

�ƒ Experts have varying levels of flexibility in their approach to new 

situations (p.19). 

Ericsson and Lehmann (1995) found that success in a domain cannot be predicted by 

measurement of general basic capacities. Also, they asserted that some experts who exhibit superior 

performance in very specific domain might be surprisingly limited in the transfer of their abilities 

outside of their domain. In some cases, systematic differences between experts and novices come 

from attributes acquired by the experts during their lengthy training. 

Chase and Simon (1973) proposed that experts who have comprehensive experience get a 

larger number of more complex patterns and use these new patterns to store knowledge about which 
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actions should be taken in similar situations. 

 

The acquisition and development of expertise 

Ericsson (2002) argued that many thousands of hours of deliberate practice and training 

are necessary to attain the highest levels of performance. That is, superior performance can be 

attained by deliberate practice. To achieve excellence, extensive domain-specific experience is 

necessary but not sufficient for performance development. Ericsson conducted several 

experimental studies to find the relation between the quality and amount of deliberate practice and 

achievement of high levels of performance. Based on findings, he concluded that expert 

performance was the end product of an extended series of psychological modifications and 

physiological adaptations. Showing how deliberate practice optimizes the effect of these processes 

on performance will help novice learners develop expertise. Ericsson (2002) emphasized extended 

engagement in domain-related activities to attain superior performance in the domain because the 

activities could mediate improvements in performance. 

Experts’ think-aloud statements provided while solving complex problems revealed how 

superior performance is mediated by deliberate preparation, planning, reasoning, and evaluation in 

a wide range of domains, such as medicine, computer programming, and sports. The performance 

of experts cannot be completely automated, but remains mediated by complex control processes 

(Ericsson, 2002). Also, experts use specific kinds of memory processes. They have acquired 

refined mental representations to maintain access to relevant information and support more 

extensive, flexible reasoning about the encountered tasks or situations. In most domains, better 

performers are able to rapidly encode, store, and manipulate relevant information for 

representative tasks in their memory. 

After novices pass through the cognitive and associative phases, they can conduct their 

performance automatically with a minimal amount of effort. However, an expert relies on 

deliberate practice to counteract complete automatization and to promote the development and 

refinement of representation. Experts’ representations allow them to keep controlling and 

monitoring their behavior (Ericsson & Charness, 1997).  

 

Difference between novice and expert problem solving 

There are many ways to account for differences between experts and novices.  First, there is 

a difference in the amount and complexity of the accumulated knowledge. Second, there exists 
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qualitative differences in the organization of knowledge and its representation (Chi, Glaser, & Rees, 

1982).  Also, Ericsson and Lehmann (1996) insisted that the difference between expert and novice 

performance is not caused by innate ability or talent but by the amount and structure of practice.  

An expert’s knowledge, such as important concepts and solution procedures, is encoded in a 

way that facilitates rapid and reliable retrieval whenever stored information is relevant. However, a 

novice’s knowledge is encoded making use of familiar concepts that make the retrieval less optimal; 

that is to way that a novice’s strong and retrieval processes are less focused and less efficient than 

an expert’s. 

In addition, experts have domain-specific memory skills that allow them to rely on long-term 

memory.  Long-term memory dramatically expands the amount of information that can be 

accessible during planning and reasoning about a problem (Ericsson & Kintsch, 1995), so experts in 

effect have a memory advantage over novices. 

In the process of problem solving, Leithwood and Steinbach (1995) reported that experts 

possess more knowledge relevant to a problem than do novices. The knowledge is better organized 

and well linked in memory, which makes it more accessible. Experts have better and faster pattern 

recognition skills. Experts spend more time planning their initial strategies for solving a problem. 

IQ and basic visual and neural capabilities are not strong contributing factors for the differences 

between novice and expert performance or problem solving. Rather, experts have a much larger and 

more refined knowledge base relating to their domain of skill. Also, this knowledge is more highly 

organized and more efficiently accessed during performance in the domain. 

According to Ericsson and Lehmann (1995), experts do not just automatically extract patterns 

and retrieve their response directly from memory to find appropriate solution. Instead, they select 

the relevant information from their memory and encode the information in special representations in 

working memory so as to facilitate order for planning, evaluation and reasoning about alternative 

courses of action. Experts' mental representations allow them to adapt rapidly to changing 

circumstances and anticipate future events. Expert representations allow them to monitor and 

evaluate their own performance. Therefore, they can develop their own performance by designing 

their own training and assimilating new knowledge (Ericsson, 1996). 

Studies of novice and expert physics problem solvers have suggested that there are two 

distinct and contrasting patterns of problem solving among experts and novices. According to 

Larkin and her colleagues (1980), expert problem solving is typified by the knowledge-

development approach. Novice problem solving is typified by the means-end approach. In the 
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means-end approach, the student typically works backward from the unknown to the given 

information. Therefore, a novice problem solver essentially writes an equation and then associates 

each term in the equation with a value from the problem. If there are additional unknowns, the 

problem solver moves on to the next equation. In the knowledge-development approach, the expert 

proceeds in the opposite direction, working forward from the given information. Therefore, the 

expert problem solver associates each of the known with each term of the equation as the equation 

is set up. That is, novices move from equations to variables, while the experts move from the 

variables to the equation.  

Also, Chi and her colleagues (1982) showed that physics experts not only had more 

knowledge than novices but also organized that knowledge better. Experts could represent physics 

problems in terms of the relevant theoretical principles, whereas novice’s representations were 

based on salient surface elements. Voss and his colleagues (1983) showed that expert reasoning is 

specific to a domain. The subject experts in domains such as chemistry and social science lacked the 

special knowledge and strategies to successfully analyze a problem in political science. 

These findings suggest several generalizable characteristics of expert learning and deliberate 

practice. Langer (1997) summarized three abstract characteristics which reveal important 

differences between experts and novices. First of all, change in behavior and performance are 

facilitated by setting specific attainable goals (Locke & Latham, 1984). Secondly, students 

effectively optimize and improve their learning by designing and monitoring their activities 

(Schunk & Zimmerman, 1994). Thirdly, learning should be mindful and reflective, striving toward 

genuine understanding, rather than mindless memorization.  

 

So far, the relevant literatures of this research were reviewed. The first section discussed the 

theoretical background of model-centered instruction, mental model and the assessment. The second 

section discussed how collaborative learning strategies can affect novice learners’ problem solving 

processes. The third section presented the theoretical background on experts and reviewed previous 

research on the acquisition and development of expertise and the difference between experts’ and 

novices’ problem solving processes. Based on these literature reviews, next chapter will explain the 

methodology used in this study.  
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CHAPTER III 

METHOD 

 

Introduction 

 

 The purpose of this study is to investigate the effect of model-centered instruction in both 

individual and collaborative contexts. The study focuses on learning effectiveness in acquiring 

instructional design knowledge, developing mental model of instructional design, and acquiring 

instructional design skill by making lesson plans when an expert model is presented and a cognitive 

apprenticeship model is applied within a collaborative context. This chapter describes the research 

methodology including the participants, the research design, key variables, measurement 

instruments, experimental procedures, and data analysis methods. 

 

Participants 

 

 This study included a total of 126 undergraduate students enrolled in four sections of an 

Educational Method and Educational Technology (EMET) course taught in two medium-size 

universities in Korea (average age = 21.3 years; 81% female). Two groups participated in this study 

from each university. The two universities were chosen for reasons of convenience. However it is 

likely that the students were representative of the populations and sufficiently diverse to explore the 

research questions posed because their majors were diverse, their cognitive abilities level was 

middle and they were novices in instructional design. The students were enrolled in 31 different 

majors but they all pursued education as a second major. This EMET course was one of the required 

courses for undergraduate students who were enrolled in education as a second major. The grade 

levels ranged from freshmen to senior (freshmen=1%, sophomore=3%, junior=73%, senior=23%). 

Participants in all four sections received instruction about instructional design and lesson planning 

by the same instructor. They participated in the study during regularly scheduled classes. 
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Participation in the experiment was considered a course requirement because instructional design 

was one of the topics in the course.  

 

Research Design 

 

 To explore the research questions, four intact groups were assigned randomly to four 

treatment groups for this study. Therefore, this study was a quasi-experimental design—specifically, 

a two-by-two factorial design. One key factor was model-centered instruction (model-centered 

instruction (MCI) group vs. non-model-centered instruction (non-MCI) group) and the other was 

collaborative learning (collaborative learning group vs. individual learning group). The two-by-two 

factorial design of the study is summarized in Table 3.1. 

 

Table 3.1  

The two-by-two factorial design for the study. 

Pretest Pretest Treatment Posttest Treatment Posttest Posttest 

O1 O5 X1Y1 O9 Y1 O13 O17

O2 O6 X1Y2 O10 Y2 O14 O18

O3 O7 X2Y1 O11 Y1 O15 O19

O4 O8 X2Y2 O12 Y2 O16 O20

 O1~ O4: Pretest (general knowledge, mental model) 
 O5~ O8: Pretest (lesson plan A) 
 X: First independent variable: Model-centered instruction  
     (1: presence of expert model, 2: absence of expert model) 

 Y: Second independent variable: Collaborative learning  
     (1: collaborative learning, 2: individual learning) 

 O9~ O12: Posttest (lesson plan A revision) 
 O13~ O16: Posttest (lesson plan B) 
 O17~ O20: Posttest (general knowledge, mental model) 
 

 

Tasks and Material 

 

 Students in this study were taught how to make a lesson plan based on specific 
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instructional design theories. After two hours of instructor-led lessons about instructional design 

theories and some principles and rules for making lesson plans, all of the learners were involved in 

activities for making lesson plans.  

 

Instructional material 

 The following two textbooks were used for Educational Method and Educational 

Technology course as references. The students in the four groups used the same books.  

 

1. Educational Method and Educational Technology: The Understanding of Educational Technology 

in Three Dimensions by Kyulakc Cho & Sunyoon, Kim, 2006 

2. Educational Method and Educational Technology by Younggye Byunm, Younghwan Kim, & Mi 

Son, 2006 

 

 The topics of instruction used in this study were “Instructional systems design” and 

“instructional strategies and activities.” The goal of these topics was to introduce micro and macro 

level of instructional design, several instructional design models, several instructional methods, and 

some basic rules and principles to make lesson plans. Due to the relatively limited time to the 

amount of content which had to be covered in two hours, the students were asked to read the 

materials a week prior to instruction. Also, PowerPoint slides, which included summarization of the 

instructional contents, were presented during the instruction (see Appendix A).  

 

Tasks 

 The tasks used for all of the treatment groups were the same. Three times during the 

learning activities, all participants were asked to make lesson plans on social studies topics for 

middle school students. Social studies was chosen as the domain for investigation because none of 

the participants had social studies as their major. All participants made lesson plan A before the 

instructor taught about instructional design and the strategies used for making a lesson plan. The 

topic of lesson plan A was Geographical Environment of Our Region (see Appendix B). The 

contents included how to research the region where we live, how to use and read a map, and what 

the symbols mean in a map. The topic was selected from a social studies textbook for middle school 

students. Four pages of the textbook were copied and given to the participants with a B4 (257 X 364 

mm , 10.1 × 14.3 inch) size of paper for making lesson plan A.  
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 After receiving instruction about instructional design and the strategies for making a lesson 

plan, participants revised their lesson plan A using the same topic. According to the treatment 

condition, the learners in the MCI group used an expert lesson plan model (see Appendix C) and 

instructional materials (textbook and PowerPoint slides), and the learners in the non-MCI group 

used only instructional materials for the revision. Also, the learners in the collaborative learning 

group revised lesson plan A with their partners, and the learners in individual learning group worked 

alone. They spent almost two hours to revise the lesson plan A. The learners in collaborative 

learning groups printed their revised lesson plan on large poster sheets in order to prepare for 

presentation after the revision. 

 The topic of lesson plan B was The Problem and Solution of the Capital Region (see 

Appendix D). The contents included the housing problem in the capital region, the traffic and air 

pollution problem in the capital region, and the solution such as establishing a green belt. The topic 

was also selected from a social studies textbook for middle school students. Three pages of the 

textbook were copied and given to the participants for making lesson plan B. Lesson plan B also 

took about two hours. All the participants made the lesson plan B by themselves without any 

assistant materials.  

 Since participants were all college students with a second major in education, making a 

lesson plan was a very important task to them because they will be required to make lesson plans 

when they become teachers. In addition, they have to know about the instructional design process 

because the development of lesson plans is closely related to the design of instruction and 

associated learning activities. That is, one has to know what instructional design is, what the critical 

factors in instructional design are, and which rules or principles have to be applied in order to create 

meaningful instruction and learning activities. Therefore the tasks in this study are meaningful tasks 

that are relevant to the learners. However, before the intervention, participants were not familiar 

with the detailed knowledge and skill for making lesson plans.  

 

Independent Variables 

 

 The independent variables in this study included instructional strategies (model-centered 

instruction vs. non-model-centered instruction) and learning strategies (collaborative learning vs. 

individual learning). Each of these variables is described below. 
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Model-centered instruction 

 The first independent variable, MCI, and its counterpart, non-MCI, formed one dimension 

of the analysis. The important aspect of MCI is to give students an expert model at the beginning of 

instruction, and during instruction to let students continuously reflect and compare their mental 

models to an initial working model. When students start to solve the given problem, they have an 

initial working model on which reflect. In their first attempt at a task, students usually fail to solve 

the problem. Then, they revise their plans through a problem solving process by comparing their 

models with the expert model, and test their revised lesson plans again.  

In this study, MCI is an instructional strategy in which students are given an expert lesson 

plan to use while they complete their task—making a lesson plan. Then, the students in the MCI 

group had instruction developed according to the modeling, coaching, and scaffolding. During this 

process, the students were asked at each stage of the instruction to compare their mental models for 

making a lesson plan to an expert model for that same lesson plan task. 

 On the other hand, the expert model was not presented to the non-MCI group. Therefore, 

the non-MCI group students did not have opportunities to compare their mental models to an expert 

model. Instead, they received standard instruction and were asked to evaluate their mental models 

for making a lesson plan using principles of instructional design theory and tactics for making 

lesson plan.  

 

 Expert model (see Appendix C)  

 The expert model given to MCI group students was selected from a textbook for making 

lesson plans. The expert model was made by instructional designers and middle school teachers. A 

textbook titled Making Lesson Plan and Examples introduced the expert model as a good example. 

The topic in the text with the expert lesson plan was Making a Good Environment. The target of the 

lesson was second grade middle school students. The topic was related to social studies but was not 

the same topic which the students in this study were given for lesson plan A and B. The expert 

model used in this study included essential factors for making a good lesson plan introduced in the 

instructional material and the textbook.  

 

 Coaching and Scaffolding strategies

 In this study, coaching and scaffolding strategies were applied to all of the groups.  
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Table 3.2 

Examples of questions for coaching and scaffolding  

MCI groups Non-MCI group (control group) 

�y What information is missing when you 

compare your plan with the expert model? 

�y In the expert model, how are… interrelated to 

each other? 

�y What in your view are the primary factors of 

the expert teaching plan? 

Please think about what you learned about 

the Dick & Carey model and some strategies 

to make teaching plan. 

�y What information is missing? 

�y How are… interrelated to each other? 

�y What do you think are the primary factors 

of this problem? 

�y What should the teaching plan do when you 

look at the expert model? 

�y Explain how your proposed teaching plan 

works and how the expert model works. 

�y How does this plan compare with the expert 

one? 

�y What should a teaching plan do? 

�y Explain how your proposed teaching plan 

works. 

�y If u… can you explain why you took that 

approach? Why is your plan different from 

expert model? 

 yo

o y

 yo

o y

�y D ou have evidence to support why your 

teaching plan is good? What is similar between 

your plan and the expert model? 

�y If u… can you explain why you took that 

approach? 

�y D ou have evidence to support why your 

teaching plan is good? 

 

�y What are the strengths and shortcomings of 

your teaching plan compared with expert  

model? 

�y Have you thought about an alternative 

method compared with the expert model? 

�y Are you on the right track when you compare 

your work with the expert model? 

�y What could have been done differently 

compared with the expert model?  

�y D you compare your plan to the expert 

plan? What is the difference between them? 

id 

 the right track? 

ently? 

�y What are the strengths and shortcomings of 

your teaching plan? 

�y Have you thought about alternative 

methods? 

�y Have you identified all the constraints? 

�y Are you on

�y What could have been done differ
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 However, the questions or suggestions by the instructor were different according to the 

treatment condition. The instructor asked individuals in the MCI group to compare their lesson 

plans with the expert lesson plan. On the other hand, the instructor asked individuals in the non-

MCI group to think about instructional design theory, their models, and some factors or tactics for 

making lesson plans. Table 3.2 shows examples of these questions. 

 

Collaborative learning 

 The second independent factor, collaborative learning, and its counterpart, individual 

learning, formed the basis for the second part of the analysis. For collaborative learning, the 

participants were randomly selected and assigned to one of the collaborative groups. Then, they 

were asked to make two lesson plans during this experiment. To complete the tasks, the 

collaborative group students formed dyads and made their lesson plans together with their partners. 

The individual learning group students created their lesson plans individually.  

 After the students in the collaborative learning group completed the lesson plan, they 

presented their lesson plans to the whole class. During the presentation they could articulate their 

mental models of making a lesson plan. Then, their classmates asked some questions or gave 

suggestions or comments to improve the lesson plans. In order to let the students become involved 

in the activities with enthusiasm, they were asked to grade each lesson plan using a peer review 

sheet (see Appendix F). The instructor asked the students to use a five point Likert-type scale to rate 

the quality of the lesson plan. The scale ranged from very bad to very good. The instructor 

suggested three criterions for grading a lesson plan: (1) determine whether all the factors of a good 

lesson plan are satisfied; (2) determine whether the important principles to make a good lesson plan 

are kept; and, (3) determine whether the lesson plan encourages the learners to become involved in 

the learning activities with motivation and interest. During the peer review activities, the students 

could reflect and compare their mental model for making lesson plan to other groups’ model.  

 

Dependent Variable 

 

 The dependent variable was learning effectiveness as measured by three types of 

performance: (a) responses to questions for measuring mental model improvement about 

instructional design; (b) the overall quality of their lesson plans; and, (c) scores on general 
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knowledge tests of the instructional design process as judged by acknowledged expert practitioners. 

   

Mental model questions 

 Before and after the instruction, participants were asked five questions with regard to a 

problem solving scenario about instructional design so as to measure their mental model 

improvement about instructional design (see Appendix G). The questions were about critical factors 

of instructional design, the relationship between the factors, assumptions, rules, and principles. 

Some of the students had difficulty answering each question separately so they wrote one long 

response prose that covered all five questions. Because the T-MITOCAR (Text Model Inspection 

Trace of Concepts and Relations) system used for the data analysis of students’ mental model 

improvement in this study did not accept Korean, a total 230 mental model statements were 

translated into English by the researcher.  

 To assess the quality and improvement of their mental model of instructional design, the 

students’ mental model about instructional design was compared with the expert model. The 

similarities between the expert’s model and the students’ model were calculated by the T-

MITOCAR program. 

 

 T-MITOCAR (Text Model Inspection Trace of Concepts and Relations) 

 T-MITOCAR (http://Elena.ezw.uni-freiburg.de/tmitocar) is a language-based diagnosis 

tool based on mental model theory (Pirnay-Dummer, 2007; Seel, 2001). It uses natural language as 

input data for model re-representation. It identifies the concepts based on the language used by an 

investigated group. In other words, given a number of natural sentences about the specific subject 

matter, the parser extracts the most frequent concepts from the text of the group and connects them 

to pairs of concepts (Johnson et al., 2006). Then, it combines the concepts into a relational model 

using methods designed for language oriented model elicitation. Lastly, it tests the data for 

coherency and homogeneity. As a result, it produces a graphical model of the language use an 

association network, and it also provides similarity ratings between two models. 

 The language-oriented approach of T-MITOCAR uses several instruments to elicit a model 

structure such as identification, review, construction, verification, and confrontation. Figure 3.1 

shows the framework of model elicitation of T-MITOCAR. First phase of T-MITOCAR is 

identification mode. The phase is a simple collection of statements of natural language. Then, the 

expressions are reviewed for plausibility and for relatedness to the subject domain. After the 
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reviewing, a concept parser filters nouns and makes a list of the most frequent concepts. The list of 

concepts ranked by the frequency is used for construction mode. In the mode, thirty most frequent 

terms from the concept parsing to make grouped lists. Then, through the verification and 

confrontation modes, the concepts are compared in pair wise way considering the closeness, 

contrast, combined, and confidence. Lastly, the re-representations are constructed in a way of 

graphical output. 

 

Figure 3.1 MITOCAR Elicitation Modules (Pirnay-Dummer, 2007) 

 

 T-MITOCAR provides six indices to use in determining the similarities between two 

models. Surface measure (Ifenthaler, 2007) compares the number of vertices within two graphs (see 

Appendix H). It is a simple and easy way to calculate values for surface complexity. Graphical 

Matching (Ifenthaler, 2007) compares the diameters of the spanning trees of the graphs, which is an 

indicator for the range of the conceptual knowledge. It corresponds with structural matching as it is 

also a general indicator of complexity. Concept Matching (Pirnay-Dummer, 2006) compares the sets 

of concepts (vertices) within a graph to determine the use of terms. This measure is especially 

important for different groups which operate in the same domain. Concept Matching value 

determines differences in language use between the models. Gamma means density of vertices. The 

density of vertices (Pirnay-Dummer, 2006) describes the quotient of terms per vertex within a graph. 

�G�Z�W



�G

Since graphs which connect every term with each other term (everything with everything) and 

graphs which only connect pairs of terms can be considered weak models, a medium density is 

expected for most good working models. Because gamma measures the connectedness of nodes, 0 

means minimal connections such as no interconnections and 1 means maximum connects such as all 

connected. According to previous research (Spector & Koszalka, 2004), while novice 

representations show few interconnections, expert representations shows significant 

interconnectedness – around .5 Gamma. Structural Matching (Pirnay-Dummer, 2006) compares the 

structure of two graphs without regard to their content. This measure is necessary for all hypotheses 

which make assumptions about general features of structure (e.g. assumptions which state that 

expert knowledge is structured differently from novice knowledge). Lastly, propositional Matching 

(Ifenthaler, 2007) value compares only fully identical propositions between two graphs. It is a good 

measure for quantifying semantic similarity between two graphs.  

 Among the six indices, concept matching and gamma values were used to compare the 

similarities between experts and the novice learners because the two values well represent the 

similarities between two models. Surface measure compares the number of concepts and Graphical 

Matching compares the shape of the graphs. And Structure Matching compares the structure of two 

graphs without regard to their contents. Because the three measures do not consider the contents and 

structures at the same time, those are not appropriate to compare similarities between two models 

for this study. Also, Propositional matching compares only fully identical propositions between two 

models. However, any novices in this study did not show fully identical propositions with expert. 

Therefore, Propositional matching was not appropriate values for this study. 

 

  Expert model 

 The experts’ mental model statements of instructional design were developed and collected 

from three representative experts as the basis for this comparison. One was primarily an academic 

expert; one was primarily a practitioner expert; and, a third had significant academic and 

practitioner expertise. Two of them were professors who have more than twenty years career in 

renowned universities of instructional design major. The other expert was a middle school teacher 

who has more than twenty years classroom experience and an advanced degree. Key aspects of this 

comparison included the key factors and relationships identified in the statements. 

 Statements indicating their mental models of instructional design were gathered from the 

three experts. However, only one expert model, the model with the highest gamma value, was 
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selected for the mental model comparison between experts and novices because the T-MITOCAR 

system does not allow combining several models. The expert model was selected from the three 

experts as most representative because conceptual similarity and gamma similarity are the most 

representative of expertise and the expert model’s gamma value was most consistent (Spector & 

Koszalka, 2004). According to the previous study, expert representations show significant 

interconnectedness – around .5 Gamma. In this study, one of the expert models presents .450 

gamma while the other expert models presents .282 and .365 gamma, respectively. Therefore, the 

expert model which possessed the highest gamma value was selected to analyze data. Appendix I 

shows the comparison of the three expert models. 

 

Lesson plan 

 Students were asked to make lesson plans for a social studies class for middle school 

students. They were given two similar topics related to social studies teaching. Students made a 

lesson plan with the first topic before learning about lesson plans. Then they refined their lesson 

plans as a learning activity. Also, after completing the instructional sequence, the students made a 

new lesson plan with a second topic as a near-transfer test. To assess student lesson plans, a rubric 

was developed based on previous researches (Kim & Sharp, 2000; Park, 2006). The categories of 

the rubric corresponded to stated objectives for lesson plan in the textbook which the learners used 

during the instruction. The rubric was composed of seven categories: objectives, motivating, 

materials and resources, lesson description, procedure, assessment, and application. Each category 

has two to six evaluation items. There were 18 items in total. Students’ lesson plans were evaluated 

according to the lesson plan rubric (see Appendix J).  Each lesson plan was scored in each 

category items according to the scale from 1 (satisfied the item) to 0 (dissatisfied the item). The 

scores were added to measure the instructional design skill through the lesson plans. Possible scores 

ranged from 0 to 18. A rubric indicated how expert-like the student lesson plans were.  

 Stemler (2004) proposed a process for estimating interrater reliability. The guidelines to 

get interrater consensus have several steps. First, graders have to agree exactly about how to apply 

the different levels of a scoring rubric. When graders agree how to interpret a rubric, the scores 

graded by them are considered to be equivalent. Second, two graders grade the rest of the 

assignment separately. Third, calculate the consensus estimate using a percentage by adding up the 

number of cases that received the same score by the graders and divide the number by the total 

number of cases scored by both/all graders. A guideline for interrater reliability based on consensus 
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estimates should be more than 70%. 

 In this study, 124 participants made lesson plans three times - pre-lesson plan, revision 

lesson plan, and a transfer test lesson plan - for a total of 372 (124 �°  3 = 372) lesson plans. First, 

two raters, including the researcher, discussed what characterized a score 1 or 0. Next, 30 lesson 

plans were selected and each rater scored the same 30 lesson plans, discussed discrepancies about 

grading, and agreed on how to interpret and apply the rubric. Second, each rater graded 85 lesson 

plans individually. The total number of cases was 1530 (85 �°  18 items = 1530) and the number that 

received the same score by the graders was 1395. Finally, the graders reached 91.17% agreement 

following the guideline (Stemler, 2004). The raters were blind as to whether the lesson plan was 

from the beginning or end of the course and to who had submitted which plan. This analysis was 

used to determine the development of instructional design skill of novice learners.  

 

General knowledge tests 

 A general knowledge test was designed to assess students’ ability to recall and apply as 

much knowledge as possible from the instructional activities including lecture and making lesson 

plans. Students were asked seven questions about general knowledge of instructional design process 

and constructing lesson plan before and after instruction. All items were constructed based on the 

knowledge which the students learned from the activities and textbooks. The test consisted of 

questions about important factors, processes, formats, and rules when they design an instructional 

course and make a lesson plan (see Appendix K). Table 3.3 shows how the tests items were 

composed.  

 

Table 3.3 

General knowledge test items 

Contents Number of items Item types Item number 

Instructional design: factors, process 1 Open-ended Item 1 

Lesson plan: factors, formats, rules 1 Open-ended Item 2 

Educational method 1 Open-ended Item 3 

Evaluation 1 Open-ended Item 4 

Prior knowledge assessment 1 Multiple choice Item 5 

Evaluation item 2 Open-ended 

True/False 

Item 6, 7 
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 The maximum score on the general knowledge test was 100. A rubric was designed and 

developed for the test (see Appendix L). Two raters carried out the scoring of the tests. Interrater 

reliability for the test was 93.21 %. Even though the knowledge test was based on established 

questions used in standard text reviewed by expert, reliability for the test was medium (.678). The 

reason will be presented in discussion section. 

 

Procedure 

 

Pretest  

 The study was conducted in normal classrooms of two universities during a seven week 

period. This study used four intact groups from the course of Educational Methods and Educational 

Technology (EMET) in fall semester, 2007. Each group consisted of 25-35 undergraduate students. 

The four groups were randomly assigned to four treatment groups. 

 The participants were given informed consent forms at the beginning of the course (see 

Appendices M & N). Those who agreed to participate in the study were asked to respond to a short 

survey which demographic information including major field of study, grade, gender, and age. Then, 

the participants took a general knowledge test about instructional design, and they were given 

mental model questions pertaining to a problem solving scenario for generic instructional design. 

 

Team building  

 Those in the collaborative learning, group participated in a teambuilding activity. Group 

membership in dyads was determined using a random process. The researcher prepared slips of 

papers which had a number. There were two sets of papers which had the same numbers. The 

participants received a paper with a number and looked for person who had the same number. Then, 

they had time to introduce themselves to each other. After that, they introduced their partners to 

other classmates. Group membership remained intact throughout the experiment, except for data 

collection activities. Even though the students in the individual learning groups participated in the 

same activities, they did not work with the partner during the experiment’s data collection process.  
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Making lesson plan A 

 Before instruction, students completed a task to create a lesson plan for a social studies 

topic, Geographical Environment of Our Region. The participants were given four pages of material 

selected from a social studies textbook for middle school students. Then they made a lesson plan for 

the topic. When they made their first lesson plans at the end of the instructional sequence, the 

collaborative-groups students made them with their peers but the non-collaborative groups of 

students made them individually. After two hours of lesson planning activities, the material and 

lesson plans were submitted to the instructor for analysis and subsequent revision. Appendix E 

shows a sample of one learner’s lesson plan. 

 

Instruction 

 In the third week of the experiment, the instructor delivered the instruction about (a) 

instructional design process, (b) critical factors in instructional design, (c) rules and principles 

which have to be applied to each factor in order to complete instructional design and (d) some 

tactics for making lesson plan consistent with the instructional design process, critical factors, rules 

and principles. During instruction, the students referred to two textbooks and a PowerPoint slide 

handout prepared by the instructor. This process was applied to all of the groups in a same way. 

 

Revising lesson plan A (modeling, coaching, scaffolding) 

 After the initial instructional sequence, students were given an opportunity to revise their 

first lesson plan. At the fourth week of the experiment, they were given the initial lesson plan A 

which they had made along with the material for the lesson plan. After reviewing the instruction 

received in the previous week, the participants who were assigned to the MCI group were shown an 

initial working model (a lesson plan made by expert). They kept the model during the experiment. 

During the cognitive apprenticeship phases, coaching and scaffolding were applied to the revision 

process. The instructor asked the participants who were assigned to the MCI group to compare their 

lesson plans with the initial working model at key points during the instruction.  However, the 

participants who were assigned to the non-MCI group were asked to compare their lesson plans 

with the content in the textbook and PowerPoint slides presented during instruction. The initial 

working model for making a lesson plan was not given to the non-MCI group participants. Instead, 

they were given the summary material of lesson conducted by the instructor. For example, when 

they made their first lesson plans, the collaborative groups students revised them with their same 
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partners, but the non-collaborative groups of students made them individually. Only the learners in 

the collaborative learning group printed their revised lesson plan on large poster sheets in order to 

prepare presentations after the revision. The presentation activity was for articulation and reflection 

of the students. 

 

Presentation and peer review (articulation, reflecting) 

 After completing the revision of the first lesson plan, the collaborative groups of students 

presented their lesson plans to their peers and got some feedback. Each team had about four minutes 

for the presentation then they had another four minutes for some questions and answers or 

suggestions from their classmates. During the activities, the students graded each group’s lesson 

plan and wrote the scores on a peer review sheet (1-5, 1: very bad, 2: bad, 3: neutral, 4: good, 5: 

very good). However, the peer review scores were not a formal part of the lesson plan grade. 

Because they gave good grades to their classmate in general, the scores were a negatively skewed. 

Non-collaborative group students did not get a chance to present their lesson plans. Instead, they 

were given more time to revise their lesson plans and the instructor used coaching and scaffolding 

with the students. As in the previous week, the instructor asked individuals in the MCI group to 

compare their lesson plans with the expert lesson plan, and individuals in the non-MCI group were 

asked to think about instructional design theory, their models and relevant factors or tactics for 

making lesson plan. 

 

Making lesson plan B (exploration/transfer) 

 In the sixth week, students created a new lesson plan with a new social studies topic, The 

Problem and Solution of the Capital Region. The participants were given three pages of material 

selected from the same social studies textbook for middle school students. Then they made a lesson 

plan for the topic. This time, each of the learners made a new lesson plan individually without any 

assistance from other materials such as an initial working model, an instructional design textbook, 

PowerPoint slides, etc. Students were given two hours to complete and submit their lesson plans to 

the instructor.  

 

Posttest 

 After completing the entire instructional sequence, the participants took two post-tests 

which were the same as the pretests to assess their performance improvement. While the pretests 
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took about an hour, it took two hours for the two posttests which included general knowledge 

question about instructional design and mental model questions with a problem solving scenario for 

a generic instructional design problem. Table 3.4 summarizes the experimental procedure. 

 

Table 3.4  
An Overview of the Procedure 
Week 1 Orientation and Pretest 

  
1. Course orientation: Introduction of the goal and procedures (30 min) 
2. Pretest: Prior knowledge of instructional design (30 min) 
        Mental model of instructional design (20 min) 
3. Team building activities/Ice break activities (40 min) 
 

Week 2 Making lesson plan A activity (2 hours) 

 
1. Introducing the activity 
2. Receiving handout including the topic for making lesson plan A (4 pages copy of textbook) 
MCI+ collaboration Non-

MCI+collaboration
MCI+ individual non-MCI+ individual

3. Making lesson plan A with their partner 3. Making lesson plan A individually 

 

4. Submitting the lesson plan A and handout material for revision activity 
 

Week 3 Instruction (2 hours) 

  
1. Introducing learning goals of the lesson 
2. Presenting PowerPoint slide including summarization of the instruction 
3. Lecturing 

�ƒ Instructional systematic design  
�y micro and macro level of instructional design  
�y several instructional design models 

�ƒ Instructional strategies and activities 
�y several instructional methods 
�y some basic rules and principles to make lesson plan 

4. Q & A  
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Table 3.4 (Continued)�G
Week 4 Revising lesson plan A activity (2 hours) 

 
1. Reminding to the previous lesson and making lesson plan A activities 
2. Receiving the lesson plan A and the handout including the topic for making lesson plan A  
 

MCI+ collaboration  
3. Receiving expert 
lesson plan and paper 
copy of lecture slides 

Non-
MCI+collaboration  

3. Receiving paper copy 
of lecture slides 

MCI+ individual  
3. Receiving expert 
lesson plan and 
paper copy of lecture 
slides 

non-MCI+ individual
3. Receiving paper copy 
of lecture slides 

4. Revising lesson plan A with their partner 4. Revising lesson plan A individually 

 

5. Coaching and 
Scaffolding comparing 
with expert model 

5. Coaching and 
Scaffolding comparing 
with theory 

5. Coaching and 
Scaffolding 
comparing with 
expert model 
 

5. Coaching and 
Scaffolding comparing 
with theory 

Week 5 Presentation and revision (2hours) 
 
MCI+ collaboration

 
non-MCI+collaboration

 
MCI+ individual

 
non-MCI+ individual

1. Continuing revision of lesson plan A 
individually. 

1. Presenting lesson plan A with their partner  
2. Q & A with all of the classmates 
3. Grading the other groups’ lesson plans 2. Coaching and 

Scaffolding 
comparing with 
expert model 

2. Coaching and 
Scaffolding comparing 
with theory 

 

 

Week 6 Making lesson plan B activity (2hours) 

  
1. Receiving handout including the topic for making lesson plan B (3 pages copy of textbook) 
2. Making lesson plan B individually 
 

Week 7 Posttest 

  
�ƒ General knowledge test of instructional design (1hour) 
�ƒ Mental model of instructional design (1hour) 
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Data Analysis  

 

 The data analysis was focused on the three dependent variables: (a) general knowledge of 

instructional design, (b) mental model of instructional design, and (c) instructional design skill 

shown by making lesson plans. A two-way ANOVA was employed to determine if there were 

significant differences among the four groups in general knowledge of instructional design, mental 

model of instructional design, and instructional design skill by making lesson plans. Alpha was set 

at .01 for all analyses in this study. Results of these analyses are discussed in the next chapter.  
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CHAPTER IV 

RESULTS 

 

 This study investigated the effects of model-centered instruction and collaborative learning 

on acquiring instructional design expertise. This chapter reports the results from analyses of data 

collected for the study. For the purpose of presenting the results, this chapter is composed of four 

sections. In the first section, the results of preliminary data analyses prior to the statistical analysis 

of the dependent measures are reported. In the second section, several tests were conducted to 

determine whether the assumptions for parametric statistics were supported. An alpha level of .01 

was used for all statistical tests. In the third section, the results of primary data analyses of the 

dependent variables are reported. Hypotheses 1, 2, and 3 regarding main effects and interaction 

effects of the use of model-centered instruction and collaborative learning were tested based on 

dependent variables and the results are reported. In the last section, a summary of statistical test 

results of the analyses is presented in a table.  

 In order to test the research hypotheses, the statistical data analyses that were conducted 

included factorial ANOVA with the use of SPSS version 13.0 software.  

 

Preliminary Data Analysis 

 

 Preliminary analyses include three types of tests: group equivalence test, missing value 

analysis, and case analysis. First of all, the equivalence of treatment groups in terms of prior 

knowledge of instructional design, prior mental model of instructional design, and prior skill for 

instructional design was tested. Then, a missing value analysis, a case analysis and a detection of 

violations for the main dependent variables were tested as the foundation for the primary data 

analyses. 
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Group Equivalence Test 

 This study was designed as a randomized 2�° 2 factorial design. However, participants in 

this study were assigned to instructional treatments in intact groups, so the assignment was not 

completely random at the individual subject level. As a consequence, the equivalence between 

groups needed to be examined prior to the experiment. To verify the equivalence of treatment 

groups statistically, three types of pre-tests were conducted: a prior knowledge test, a prior mental 

model status questionnaire, and a prior skill test for instructional design skills.   

 

Prior knowledge of instructional design  

 

 A one-way ANOVA was conducted to examine possible differences in learners’ prior 

knowledge of instructional design. Table 4.1 shows the analysis result of prior knowledge by each 

treatment condition. 

 

Table 4.1  

Difference in prior knowledge by each treatment condition  

Group N M SD F p  

MCI + Collaboration 28 31.51 11.06 

Non-MCI + Collaboration  28 33.30 9.79 

MCI + Individual 22 31.25 10.17 

Non-MCI + Individual 30 29.75 5.81 

.705 .551 

Total 108 31.43 9.28   
 

 There were no statistically significant differences at the p<.01 level in prior knowledge of 

instructional design for the four groups of participants [F(3, 105)=.705, p>.01]. 

 

Prior mental model of instructional design (comparison with expert model using T-

MITOCAR)

 

 To examine the between-group differences among the prior mental models of instructional 

design for the four groups, a one-way ANOVA was conducted on pre-concept matching similarity 
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with an expert and pre-gamma similarity with an expert. Table 4.2 shows the analysis result of pre-

concept matching similarity scores and pre-gamma similarity scores by each treatment condition. 

 

Table 4.2  

Difference in prior mental model of instructional design by each treatment condition  

Mental model measure N M SD F p  
Pre-concept matching 
Similarity      

MCI + Collaboration 32 .0.025 0.05 .746 .527 
Non-MCI + Collaboration 31 0.015 0.04   

MCI + Individual 24 0.025 0.05   
Non-MCI + Individual 28 0.012 0.04   

Total 115 0.019 0.04   

Pre-gamma similarity      

MCI + Collaboration 32 0.325 0.32 1.748 .161 

Non-MCI + Collaboration 31 0.191 0.19   

MCI + Individual 24 0.372 0.37   

Non-MCI + Individual 28 0.232 0.23   

Total 115 0.276 0.28   
 

 There were no statistically significant differences at the p <.01 level in pre-concept 

matching similarity with expert and pre-gamma similarity with expert for four groups [F(3, 

105)=.705, p=.551], [F(1, 104)=.705, p=.551]. 

 

Instructional design skill (lesson plan measured by a rubric with 18 items) 

 

 A one-way ANOVA was conducted to examine possible differences in learners’ prior 

instructional design skill. Table 4.3 shows the analysis result of prior instructional design skill 

scores by each treatment condition. 

 There were no statistically significant differences at the p<.01 level in pre-concept 

matching similarity with expert and pre-gamma similarity with expert for four groups [F(3, 

120)=1.311, p=.274]. 
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Table 4.3  

Difference in prior instructional design skill by each treatment condition 

Group N M SD F P 
MCI + Collaboration 33 3.36 2.04 1.311 .274 
Non-MCI + Collaboration  31 3.16 1.31   
MCI + Individual 25 3.92 2.43   
Non-MCI + Individual 35 3.91 1.65   

Total 124 3.56 1.88   
 

 

Missing data analysis 

 Some of the students did not take the instructional design knowledge pre-test. In that case, 

the students were excluded from the analysis for general knowledge test even though they took the 

instructional design knowledge post-test. Because the number of students who took the instructional 

design knowledge test, took the instructional design mental model test, and made lesson plan A or B 

are different, the total numbers of the students for each dependent variable are different. 

 

Case analysis 

 As the major statistical method for data analyses of this study is ANOVA, a case analysis 

was also conducted to detect univariate outliers. In order to detect univariate outliers, Z-

standardized values (Z-score) of the data were calculated. An inspection of the data indicated that 

there were no extreme z-score values smaller than -3.0 or larger than 3.0, thus resulting in no 

univariate outliers. 

 

Tests of Assumptions 

 

Assumption 1: Independence of Observation 

 This study was conducted to ensure that all observations were independent using non-

repeated measures. To ensure the independence of observation, the Durbin-Watson coefficient was 

calculated. The Durbin-Watson test is a test for first-order serial correlation in the residuals of a 

time series regression. The Durbin-Watson statistic should be between 1.5 and 2.5 for independent 
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observations (Muth, 2006, p. 332). As shown in Table 4.4, the results represent that the coefficients 

of Durbin-Watson are between 1.5 and 2.5. Therefore the assumption about independence 

observation was not violated (see Appendix O).  

 

Table 4.4  

Durbin-Watson independence test for dependent variables 

Dependent Variable R R Square
Adjusted R 

Square 

Std. Error of the 

Estimate 

Durbin-

Watson 

General knowledge .275(a) .076 .061 6.55 1.98 

Concept matching 

similarity with 

expert 

.003(a) .000 -.009 .05 1.82 

Gamma similarity 

with expert 
.116(a) .013 .005 .22 2.19 

Lesson plan A  

Revise 
.535(a) .286 .274 2.47 2.02 

Lesson Plan B .804(a) .646 .640 2.75 1.56 

a Predictors: (Constant), group 
 

 However, if observations or measurements are collected in a group setting, or subjects are 

involved in some form of interaction with one another, the assumptions about independence of 

observation might be considered suspect. According to Stevens (1996, p. 241), if some violation of 

this assumption is suspected, setting a more stringent alpha value (e.g. p<.01) is recommended. 

Therefore, the alpha (�.) level was set to .01 for all analyses in this study. 

 

Assumption 2: Normal distribution 

 It was assumed that the populations from which the samples were taken are normally 

distributed. To test the assumption of normal distribution, Shapiro-Wilk’s normality test was 

conducted. The null hypothesis for this test is that the data are normally distributed. If the p-value is 

less than 0.05, then the null hypothesis that the data are normally distributed is rejected. If the p-

value is greater than 0.05, then the null hypothesis has not been rejected. Some of the test scores for 

the four conditions were found not to be normally distributed. However, Stevens (1996) suggests 
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that the violation of this assumption with a large enough sample sizes should not cause any major 

problem. In addition, the distribution of scores for each group was inspected using histograms, and 

no serious problem was suspected. 

 

Table 4.5  

Shapiro-Wilk’s normality test for dependent variables 

Shapiro-Wilk 
Dependent Variable Condition 

Statistic df Sig. 

MCI + Collaboration .919 28 .033 

Non-MCI + Collaboration  .914 28 .025 

MCI + Individual .884 22 .014 

General Knowledge test  
  
  

Non-MCI + Individual .973 30 .632 

MCI + Collaboration .347* 32 .003 

Non-MCI + Collaboration  .677* 31 .000 

MCI + Individual .546* 24 .005 

Concept matching similarity 
with expert 
  
  
  

Non-MCI + Individual .526* 28 .004 

MCI .971 32 .518 

Collaboration only .939 31 .078 

Expert model only .971 24 .692 

Gamma similarity with 
Expert 
  
  
  

Control .916 28 .027 

MCI + Collaboration .859* 33 .001 

Non-MCI + Collaboration  .917 31 .020 

MCI + Individual .869* 25 .004 

Lesson Plan A revision 
  
  
  

Non-MCI + Individual .959 35 .207 

MCI + Collaboration .872* 33 .001 

Non-MCI + Collaboration  .980 31 .806 

MCI + Individual .865* 25 .004 

Lesson Plan B 
  
  
  

Non-MCI + Individual .949 35 .108 
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Assumption 3: Homogeneity of variance 

 This assumption refers to samples being obtained from populations of equal variances. 

Levene’s test was conducted to test the assumption of homogeneity of variance for each of the 

dependent variables. The results of the tests showed that there were no violations of the assumption 

on the dependent variables (see Table 4.6).  

 

Table 4.6  

Levene’s test of equality of error variances for dependent variables 

Dependent variable F df1 df2 Sig. 

General knowledge test .086 3 104 .968 

Concept matching similarity 2.916 3 111 .037 

Gamma similarity 1.241 3 111 .298 

Lesson Plan A revision 1.014 3 120 .389 

Lesson Plan B 2.035 3 120 .113 
 

 

Primary Data Analysis 

 

 Primary data analyses were conducted to test the hypotheses derived from the research 

question: what are the effects of model-centered instruction and collaborative learning on 

instructional design knowledge, instructional design mental models and instructional design skills? 

Two-way ANOVAs were used to investigate 1) the main effects of the model-centered instruction 

(MCI vs non-MCI) and collaborative learning (collaboration vs individual) and 2) the interaction 

effects between the model-centered instruction and collaborative learning on the following 

dependent measures: a) general knowledge of instructional design, b) mental model of instructional 

design, and c) instructional design skill. The results are presented below under each of the 

corresponding dependent measures. 

 

General knowledge of instructional design 

 

�G�[�]



�G

 A two-way between-groups analysis of variance was conducted to explore the effect of 

model-centered instruction and collaborative learning on novice learners’ acquisition of 

instructional design knowledge, as measured by the general knowledge test about instructional 

design. Table 4.7 shows the means and standard deviations for the general knowledge test by each 

treatment condition. There was a statistically significant main effect between the collaborative 

learning group and the individual learning group [F(1, 104)=7.08, p=.009]. The effect size was 

medium (partial eta squared=.06). More specifically, the mean score for the collaborative learning 

group (M=91.61, SD=5.96) was significantly higher than the mean score for the individual learning 

group (M=88.52, SD=5.92). The main effect for MCI [F(1, 104)=0.03, p=.857] and the interaction 

effect [F(1, 104)=0.02, p=.888] did not reach statistical significance (see Tables 4.7 & 4.8). 

 

Table 4.7  
Means and Standard Deviations for general knowledge test 

Collaboration Individual Total 
 

M SD N M SD N M SD N 

MCI 91.80 5.89 28 88.54 6.21 22 90.37 6.19 50 

Non-MCI 91.43 6.13 28 88.50 5.80 30 89.91 6.19 58 

Total 91.61 5.96 56 88.52 5.92 52 90.13 6.11 108 

Note. Maximum possible score for general knowledge test was 100. 
 

Table 4.8  

Summary of Two-Way Analysis of Variance for MCI × Collaboration effects for general knowledge 
test 

Source Df F �� 2 P 

 Between Subjects   

MCI 1 .03 .00 .857 

Collaboration 1 7.08* .06 .009 

MCI×Collaboration 1 .02 .00 .888 

Error 104 (35.97)   

Note. Values enclosed in parentheses represent mean square errors. 

*p<.01 
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Mental model of instructional design

 

 A two-way between-groups analysis of variance was conducted to explore the effect of 

model-centered instruction and collaborative learning on novice learners’ development of mental 

model of instructional design, as measured by conceptual model similarity with expert and gamma 

similarity with expert. Tables 4.9 and 4.10 show the means and standard deviations for conceptual 

model similarity with the expert and for gamma similarity with the expert by each treatment 

condition.  

 

Table 4.9  
Means and standard deviations for conceptual model similarity with expert 

 

Collaboration Individual 
Total 

 

M SD N M SD N M SD N 

MCI 0.01 0.03 32 0.02 0.04 24 0.01 0.04 56 

Non-MCI 0.04 0.07 31 0.02 0.03 28 0.03 0.06 59 

Total 0.03 0.06 63 0.02 0.04 52 0.02 0.05 115 
Note. Maximum possible score for conceptual model similarity was 1.00 

 

Table 4.10  
Means and standard deviations for gamma similarity with expert 

 

Collaboration Individual 
Total 

 

M SD n M SD N M SD N 

MCI 0.52 0.20 32 0.52 0.15 24 0.52 0.18 56 

Non-MCI 0.57 0.24 32 0.61 0.28 28 0.59 0.26 59 

Total 0.54 0.22 63 0.57 0.23 52 0.55 0.23 115 
Note. Maximum possible score for gamma similarity was 1.00 

 

 The main effects for the collaborative learning group and the individual learning group 

[F(1, 111)=0.91, p=.342],[ F(1, 111)=0.23, p=.636] were not found on conceptual model similarity 

with expert and gamma similarity with expert, respectively. Also, the main effects for MCI and non-

MCI groups [F(1, 111)=3.12, p=.080],[ F(1, 111)=2.86, p=.094] were not found on conceptual 
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model similarity with the expert nor gamma similarity with the expert, respectively. The interaction 

effect on collaborative learning and MCI [F(1, 111)=5.07, p=.026],[ F(1, 111)=0.16, p=.686] did not 

reach statistical significance on conceptual model similarity with expert and gamma similarity with 

expert, respectively (see Tables 4.11 & 4.12). 

 

Table 4.11  
Summary of Two-Way Analysis of Variance for MCI × Collaboration effects for conceptual model 
similarity with expert 

Source df F �� 2 P 

 Between Subjects   

MCI 1 3.12 .03 .080 

Collaboration 1 0.91 .08 .342 

MCI×Collaboration 1 5.07 .04 .026 

error 111 (0.002)   
Note. Values enclosed in parentheses represent mean square errors. 

 

Table 4.12  
Summary of Two-Way Analysis of Variance for MCI × Collaboration effects for gamma similarity 
with expert 

Source df F �� 2 P 

 Between Subjects   

MCI 1 2.86 .03 .094 

Collaboration 1 0.23 .00 .636 

MCI×Collaboration 1 0.16 .00 .686 

error 111 (0.05)   
Note. Values enclosed in parentheses represent mean square errors. 

 

 

Instructional design skill (Lesson Plan A revision and Lesson Plan B) 

 

 A two-way between-groups analysis of variance was conducted to explore the effect of 

model-centered instruction and collaborative learning on novice learners’ acquisition of 

instructional design skill, as measured by revising lesson plan A. Table 4.13 shows the means and 

standard deviations for lesson plan A revision by each treatment condition.  
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 There was a statistically significant main effect between the collaborative learning group 

and the individual learning group [F(1, 120)=7.77, p=.006]. The effect size was medium (partial eta 

squared=.06). More specifically, the mean score for the collaborative learning group (M=14.07, 

SD=2.12) was significantly higher than the mean score for the individual learning group (M=11.56, 

SD=2.26). Also, there was a statistically significant main effect between MCI and non-MCI groups 

[F(1, 120)=35.21, p=.000]. The effect size was large (partial eta squared=.23). More specifically, 

the mean score for the MCI group (M=13.42, SD=2.01) was significantly higher than the mean 

score for the non-MCI group (M=12.00, SD=3.03). However, the interaction effect [F(1, 120)=2.65, 

p=.106] did not reach statistical significance (see Table 4.14). 

 

Table 4.13  
Means and Standard Deviations for Lesson plan A revision 

 

Collaboration Individual 
Total 

 

M SD n M SD n M SD N 

MCI 14.27 2.14 33 12.52 1.41 31 13.42 2.01 64 

Non-MCI 13.08 2.77 25 10.71 2.54 35 12.00 3.03 60 

Total 14.07 2.12 58 11.56 2.26 66 12.73 2.64 124 
Note. Maximum possible score for lesson plan was 18. 

 

Table 4.14  
Summary of Two-Way Analysis of Variance for MCI × Collaboration effects for Lesson plan A 
revision  

Source Df F �� 2 P 

 Between Subjects   

MCI 1 35.21* .23 .000 

Collaboration 1 7.77* .06 .006 

MCI×Collaboration 1 2.65 .02 .106 

error 120 (5.08)   
Note. Values enclosed in parentheses represent mean square errors. 

*p<.01 

 

 After revising lesson plan A, the learners got a new topic and materials to use in making 

lesson plan B. A two-way between-groups analysis of variance was conducted to explore the effect 
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of model-centered instruction and collaborative learning on novice learners’ acquisition of 

instructional design skill, as measured by making lesson plan B with the new topic. Table 4.15 

shows the means and standard deviations for lesson plan B by each treatment condition. 

  

Table 4.15  
Means and Standard Deviations for Lesson plan B 

 

Collaboration Individual 
Total 

 

M SD n M SD n M SD N 

MCI 15.18 1.69 33 12.23 2.69 31 13.75 2.67 64 

Non-MCI 13.48 2.58 25 6.29 2.75 35 9.28 4.46 60 

Total 14.44 2.26 58 9.08 4.03 66 11.59 4.27 124 

Note. Maximum possible score for lesson plan was 18. 
 

There was a statistically significant main effect between the collaborative learning group and the 

individual learning group [F(1, 120)=73.64, p=.000]. The effect size was large (partial eta 

squared=.34). More specifically, the mean score for the collaborative learning group (M=14.44, 

SD=2.26) was significantly higher than the mean score for the individual learning group (M=9.08, 

SD=4.03). Also, there was a statistically significant main effect between the MCI group and the 

non-MCI group [F(1, 120)=129.92, p=.000]. The effect size was large (partial eta squared=.52).  

 
Table 4.16  
Summary of Two-Way Analysis of Variance for MCI × Collaboration effects for Lesson plan B 

Source df F �� 2 P 

 Between Subjects   

MCI 1 129.92* .52 .000 

Collaboration 1 73.64* .38 .000 

MCI×Collaboration 1 22.65* .16 .000 

Error 120 (6.05)   

Note. Values enclosed in parentheses represent mean square errors. 

*p<.01 
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Figure 4.1 Interaction effects of the collaborative learning and MCI on lesson plan B 

 

More specifically, the mean score for the MCI group (M=13.75, SD=2.67) was significantly higher 

than the mean score for the non-MCI group (M=9.28, SD=4.46). In addition, the result revealed an 

interaction effect for learning style and MCI on lesson plan B [F(1, 120)=22.65, p=.000] (see Table 

4.16 and Figure 4.1). The results indicated that, among the learners who were in the individual 

learning group, the learners who were in the non-MCI condition showed lower scores (M=6.29, 

SD=2.75) than the learners who were in the MCI condition (M=13.48, SD=2.58).  

A Summary of Statistical Tests 

 

This section summarizes the results of the primary data analyses for each of the three 

research questions described in the previous section. Results of the analysis showed that there was 

statistically significant difference between the collaborative learning group and the individual 

learning group on the general knowledge test. Also, the results of the data analysis about 

instructional design skill indicated that there were statistically significant differences between the 

MCI and non-MCI groups on instructional design skills as well as between the collaborative and 

individual groups. Also, there was interaction effect of MCI in the collaborative learning group and 

the individual learning group on instructional design skill. Table 4.17 presents a summary of 

statistical test results. 
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Table 4.17 

Summary of statistical test results 

MCI Collaboration 
Dependent Measure 

MCI Non-MCI Collaboration Individual 

MCI × Collaboration 

(interaction) 

General Knowledge No Significant Difference Main Effect (C > I, p=.009) 
No Significant 

Interaction 

Mental Model    

  a. Conceptual similarity 

  b. Gamma similarity 
No Significant Difference  No Significant Difference 

No Significant 
Interaction 

Lesson Plan    

  a. Lesson Plan A revision 
Main Effect 

(MCI>non-MCI, p=.000) 
 

Main Effect(C>I, p=.006) 
No Significant 

Interaction 

  b. Lesson Plan B 
Main Effect 

(MCI>non-MCI, p=.000) 
Main Effect(C>I, p=.000) 

Interaction Effect, 
(p=.000) 
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CHAPTER V 

DISCUSSION 

 

The purpose of this study was to examine the effect of model-centered instruction (MCI) in 

individual and collaborative contexts on novice learners’ acquisition of an instructional design 

expertise. To achieve the purpose, this study investigated the effect of presenting an expert model 

and applying a cognitive apprenticeship model in collaborative and individual contexts on general 

knowledge of instructional design, on mental model development with regard to instructional 

design, and on lesson plan development in the context of an instructional design course.  

Three research questions were investigated by examining the main effects of MCI and 

collaborative learning and by exploring the interaction effect between MCI and collaborative 

learning on the three dependent variables. Results of the analysis show that a hypothesis derived 

from the first research question was supported. Specifically, the results indicated that there was 

statistically significant difference between the collaborative learning group and the individual 

learning group on the general knowledge test. However, contrary to the hypothesis, no significant 

difference was found between the MCI group and the non-MCI group on the general knowledge test. 

Also, the interaction effect of MCI in the collaborative learning group and the individual learning 

group were investigated, but the findings indicated no interaction among the groups on the general 

knowledge test. Possible explanations for all of these findings are discussed in this chapter. 

The second research question had three hypotheses about mental model change, 

investigating the two main effects of MCI and collaborative learning, and the interaction effect of 

the two independent variables. The findings indicated no main or interaction effects among the 

groups on mental model change.  

On the other hand, the results of the data analysis about instructional design skill supported 

several hypotheses of the third research question. The results indicated that there were statistically 

significant differences between the MCI and non-MCI groups on instructional design skills as well 

as between the collaborative and individual groups. Also, the interaction effect of MCI in the 

collaborative learning group and the individual learning group were investigated. The result 

indicated that there was an interaction among the groups on instructional design skill. Possible 
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explanations for all of these findings are discussed in this chapter. 

This chapter provides a summary of the results and a discussion to interpret the meaning of 

these results in a sequential manner under each corresponding independent variables.  

Recommendations for further research, as well as the implication of the study, are presented in the 

concluding sections of this chapter. 

 

Discussion of Research Findings 

 

Model-Centered Instruction, collaborative learning and general knowledge 

 

Effects of model-centered instruction (MCI) on general knowledge 

 The effects on general knowledge were measured by seven questions about instructional 

design. It was hypothesized that learners in the MCI group would perform significantly better on the 

general knowledge test than those in the non-MCI group. However, there was no significant 

difference between the two groups on the general knowledge test.  

 One possible reason may be found in the difference between the type of knowledge 

evaluated in the test and the type of knowledge the expert model possesses. In the general 

knowledge test, learners had to answer questions of general knowledge about instructional design. 

The test involved declarative knowledge. The expert model, which the MCI group learners were 

given during the learning, was not about declarative knowledge. The model was a good example 

related to the task the learners had to complete. Therefore, the learners could not acquire declarative 

knowledge about instructional design from the expert model because it involved procedural 

knowledge. The learners’ learning activities were about making lesson plans. That means the 

learners’ task, making lesson plans, did not involve memorizing or understanding declarative 

knowledge about instructional design, but rather involved solving an ill-structured design problem.  

 According to previous research, declarative knowledge is different from procedural 

knowledge. Declarative knowledge is about what something is, what it means, and what is to be 

learned. So steps, facts, concepts, and generalizations might be included in declarative knowledge. 

On the other hand, procedural knowledge includes skills and processes (Stillings et al., 1989; 

Tileston, 2004). Therefore, declarative knowledge is knowing that and procedural knowledge is 

knowing how (Anderson, 1976). In some cases, procedural knowledge involves tacit and latent 
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knowledge. Although experts cannot easily express their procedural knowledge, they have a lot of 

procedural knowledge. Even though someone has a lot of declarative knowledge, he or she may not 

be a great problem solver. Conversely, an expert who solves problems very well might not have a 

lot of declarative knowledge. Even though learners can solve a problem in a topic, they might not 

be able to easily link their procedural knowledge to their declarative knowledge (Heyworth, 1999). 

However, studies on expertise reveal a great deal of declarative knowledge enables experts to 

perform quickly and flexibly. 

 The researcher expected that the activities and instruction for making lesson plans could be 

transferred to acquire general knowledge of instructional design. She expected that the learners in 

the MCI group would show better performance because the expert model would be helpful in 

acquiring instructional design knowledge. The learners’ general knowledge scores were higher after 

the instruction. The average of pretest score was 31.43 and the average of posttest score was 90.13. 

Therefore, all forms of the instruction including making lesson plans were effective in helping 

learners acquire general knowledge about instructional design. However, as mentioned earlier, the 

MCI group did not show better performance than the non-MCI group. That means that the expert 

model was not helpful for acquiring instructional design knowledge, because possibly the model 

and the knowledge the test dealt with different kinds of knowledge.  

 As Nurrenbern and Pickering (1987) argued, the conceptual educational objectives to teach 

declarative knowledge and the problem-solving objectives to teach procedural knowledge are  

inherently different, and achieving one does not equate to achieving the other. 

 

Effects of collaborative learning on general knowledge 

 It was hypothesized that the learners in the collaborative group would perform 

significantly better on the general knowledge test than those in the individual learning group. As 

predicted, learners in the collaborative learning group (M=91.61, SD=5.96) showed a higher score 

on the general knowledge test of instructional design than learners in the individual learning group 

(M=88.52, SD=5.92). This finding shows that collaborative learning was effective for the 

acquisition of knowledge. 

 This result can be explained by the value of collaborative activities for making lesson plans. 

Before making the lesson plan, general knowledge of instructional design was presented to all 

groups of the learners. The knowledge was accessible to learners when they made lesson plans. 

Especially, the collaborative group learners would have more opportunities to connect their prior 
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knowledge to their activities while discussing with their peers. When learners made lesson plans, 

those in the collaborative groups applied knowledge they learned about instructional design,  and 

this involved discussions and communicating with their partners. They asked and answered 

questions which they did not confirm about making lesson plans with each other, such as how to 

describe objectives, what kinds of activities the learners have to do related to the objectives, and 

how to make evaluation items. During these discussions, they shared their general knowledge about 

instructional design and lesson plans so that they could enhance their knowledge about how to make 

lesson plans. Therefore, they might have had better understandings the instructional design 

knowledge than the learners in the individual treatment group because they applied the principles, 

rules and general steps about instructional design and confirmed their knowledge in collaboration 

with their partners. Therefore, the collaboration was helpful in acquiring the general knowledge 

about instructional design. 

 According to previous research, (Pea, 1993; Resnick, Levine, & Teasley, 1991; Salomon, 

1993) collaborative learning is based on the notions of socially shared cognition, distributed 

cognition, and jointly accomplished performance. In these viewpoints, cognitive development 

occurred though interactions between students, as well as between students and knowledgeable 

environments (Spector, Wasson, & Davidson, 1999). Several scholars have emphasized 

collaboration based on social-cognitive theory (Bearison, 1982; Bearison, Magzament, & Filardo, 

1986; Johnson & Johnson, 1989, , 1995; Perret-Clermont, 1980); they argue cognitive development 

is facilitated when learners work collaboratively with peers on tasks that require coordination of 

actions or thoughts. Also, when controversy arises among collaborative learners about concepts and 

points of view, the learner’s cognition can be developed. According to Bearison et al. (1986), when 

learners achieve a successful resolution during conflict, their cognitive development is facilitated by 

the collaborative process. To create the conditions under which cognitive development takes place, 

learners have to work collaboratively, challenge each other’s points of view, and resolve the 

resulting cognitive conflicts. Therefore, this result is consistent with studies reporting the 

effectiveness of collaborative learning on performance (Johnson & Johnson, 2002; Johnson, 

Johnson, & Smith, 1991) from a social- cognitive viewpoint. 

 

Model-Centered Instruction, Collaborative Learning and Mental Models 

 

Effects of Model-Centered Instruction and collaborative learning on mental model 
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improvement 

 The effects on mental model improvement were measured by five questions with regard to 

a problem solving scenario about instructional design.  The learners’ statements about instructional 

design to evaluate mental models were compared with expert’s statements using the T-MITOCAR 

program so that concept matching similarity scores and gamma similarity scores between the 

learners’ models and experts’ models were calculated.  

 It was hypothesized that learners in MCI group would show a significantly higher 

similarity score on mental model improvement than those in the non-MCI group. Also, it was 

predicted that learners in the collaborative group would show a significantly higher similarity score 

on mental model improvement than those in the individual group. Contrary to the predictions, there 

was no significant difference among the groups on mental model improvement. This result fails to 

support assumption of this study, that the use of model-centered instruction and collaborative 

learning in the instructional design curriculum would facilitate developing novice learners’ 

instructional design mental models. This result is not consistent with those of earlier studies on the 

MCI which have found that the expert model and collaboration with peers are effective for 

developing novice learners’ mental models (Seel, 2004).  

 With regard to mental model similarity, there are likely several reasons why the learners in 

the MCI group or the collaborative learning group did not show better similarity scores than the 

learners in the non-MCI group or the individual learning group. The mental model analysis tools 

might not have provided sufficient detail to show differences. There are no indices to represent an 

overall measure for comparison in T-MITOCAR. The tool presents several indices representing the 

similarity between two models, but they have totally different meanings. For example, structural 

and semantic indexes are completely different variables pointing at constructs that are related but by 

no means the same. Within each structural and semantic measure, there are high dependencies but 

they are also kept separate since they measure different properties of models. In the case of a 

propositional similarity score, only when the two sentences are identical does it report that the two 

models are similar. Also, there are no indices that represent concept and structure similarity at the 

same time. That means, even though the concepts are different but the structure is the same, the 

structure similarity score is high. Also, T-MITOCAR is sensitive to grammatical errors and, the 

statements of the learners had a lot of grammatical errors. Because the learners’ statements 

originally were written in Korean, and the system allows only English and German, the statements 

had to be translated to English to analyze them. The researcher decided that it was desirable to 
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translate the statements as they were in order to represent the learners’ mental models. Therefore the 

grammatical errors were translated as they were made in Korean. Some of the sentences were 

incomplete and some were not meaningful. In addition, some of the learners represented their 

mental model with symbols or flow charts. However these images could not be inputted into the T-

MITOCAR system. Therefore, some of the learners’ representations could not be transferred as they 

were. 

 However, several previous researchers (Ifenthaler & Seel, 2005; Pirnay-Dummer, 2007; 

Spector & Koszalka, 2004) successfully reported the result with the tools which allow comparisons 

of mental models between different people. A more likely reason why no significant differences 

were found between the groups is that they were really novices, so the concept matching similarities 

with the expert model were small even after completing the instruction. The results indicated that 

the learners’ mental models of instructional design were somewhat developed after the instruction 

compared with the pre-instruction assessment. On the pretest of mental model development, most of 

the learners answered with one or two sentences. Some of them did not even answer the questions 

because they were complete novices in the subject area and had nothing to state. However, on the 

posttest of mental model development, most of the learners wrote statements about their mental 

models of instructional design of more than one page. Even though the number of statements 

increased, the concept matching similarity scores did not increase. Both the pretest concept 

matching similarity scores and the posttest concept matching similarity scores between an expert 

and novices were very low (maximum possible score = 1.00, mean of concept matching score = 

0.02).  Although the amount of mental model change was significant with all learners, their levels 

were insufficient in comparison with the expert mental model. That means the increase was an 

immaterial increase relative to the expert level. Therefore, there were no similarity changes among 

the groups. This result can be explained by previous research reporting the nature of expertise  

(Ericsson, 1996, 2002). According to this research, it is hard to approximate the expert’s mental 

model in short period of time. In this research, the learners enrolled four times in instruction, eight 

hours in total. That instruction was not sufficient for learners to develop a robust mental model 

about instructional design. Ericsson (1996) explained that it takes about five to ten years become an 

expert because a lot of declarative and procedural knowledge needs to be mastered in a domain over 

a long period (Bereiter & Scardamalia, 1993). Therefore, time is a very important factor in 

becoming an expert. According to Schraw, Brooks, and Crippen (2005), successful instructional 

practices for developing expertise require students to remain positively engaged in learning for long 
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periods of time.  

Also, it could be possible that the task was too hard for the learners to reveal differences. To 

measure the learners’ mental models of instructional design, the learners were asked five questions 

in the context of a problem solving scenario. They did not have any experiences with instructional 

design instruction or curriculum design. They just had learned some knowledge about instructional 

design from the lesson. The questions required them to answer questions about curriculum 

development and apply instructional design theory to solve the lesson plan problem. While the 

novice learners merely described instructional design principles, basic models, and steps, the 

experts suggested practical solutions based on experience. Therefore, the content of the answers 

were dramatically different between expert and novices. The value of gamma similarity reflects the 

overall connectedness of a graph or concept map; it ranges from 0 (no connections) to 1 (all 

possible connections of pairs of terms or nodes in the map). If only a few pairs of terms were 

connected, it might be considered a weak model, typical of novices. However, in expert models, 

many pairs of terms are connected.  Even though the amount of gamma similarity was somewhat 

increased after instruction, the overall difference in the quality of the answers between the expert 

and the novices was unmistakable, as was the case with subjects in the Spector and Koszalka (2004) 

study. 

 

Model-Centered Instruction, collaborative learning and instructional design skill

 

Effects of Model-centered Instruction on instructional design skill 

 The effects on instructional design skill were measured by two lesson plans with two 

similar but different subjects. The lesson plans were graded by a rubric with eighteen items. It was 

hypothesized that learners in the MCI group would perform significantly better on making two 

lesson plans than those in the non-MCI group. As predicted, learners in the MCI group (M=13.42, 

13.75) showed a significantly higher score on instructional design skill on two lesson plans than 

learners in the non-MCI group (M=12.00, 9.28). These findings suggest that MCI was efficient for 

the acquisition of cognitive skills. 

 Throughout the instruction, the learners made three lesson plans; (1) lesson plan A as a 

pretest, (2) lesson plan A with revisions, and (3) lesson plan B with a new topic. More specifically, 

the effect of revisions of lesson plan A can be explained by modeling, coaching and scaffolding 

strategies. After making lesson plan A, all of the learners received standard instruction about how to 
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design instruction and how to make a lesson plan. Then, the MCI group learners got an expert 

model (modeling stage) and were asked to revise their lesson plan A, comparing their mental 

models for making a lesson plan with an expert model which they were given. When they had 

trouble with make the lesson plan, the instructor scaffolded and coached learners, asking them to 

compare their lesson plan to the expert’s model. They were asked what the difference was between 

theirs and the expert’s lesson plan and how their lesson plan could be modified. Therefore, the 

learners in the MCI group tried to compare their lesson plans to an expert’s, and revise theirs to fit 

the expert model. However, the non-MCI group learners were just encouraged to revise their lesson 

plans, with the instructor reminding them of relevant guidelines and instructional design principles. 

When the learners in the non-MCI group had some difficulty making the lesson plan, the instructor 

scaffolded and coached with general instructional design principles and rules. However, learners 

still felt it difficult to apply that general knowledge to the specific task at hand. The learners in the 

two different groups got similar scaffolding and coaching in terms of time, access, and guidance in 

response to specific questions. However, one group got the scaffolding and coaching based on the 

expert model and the other got based on the design principles and theories. That made a significant 

big difference between the two groups with regard to developing instructional design skills.  

 After finishing the lesson plan A revision, the learners got a new subject to make a new 

lesson plan. In this task the learners in the MCI group again showed a significantly higher score 

than learners in the non-MCI group. The MCI group learners’ procedural knowledge to make the 

lesson plan, which they acquired in modeling, coaching and scaffolding stages by the expert model 

when they revised lesson plan A, was maintained and steady. On the other hand, the learners in the 

individual learning group had difficulty with making a new lesson plan when the scaffolding and 

coaching by the instructor were removed. 

 According to Collins and colleagues (Collins, Brown, & Holum, 1991), modeling includes 

an expert performing a task and learners observing and building a conceptual model of the modeling 

processes that are required to accomplish the task. Therefore, if learners have a model for their study, 

they can build mental models easily and use the models to generate creative solutions to transfer 

problems (Mayer, 1989). Also, Seel (2004) classified modeling, coaching and scaffolding as the 

receptive meaningful learning stage and suggested that presenting a conceptual model affected the 

construction of a task-related mental model (Seel & Dinter, 1995). Therefore, this result is 

consistent with studies reporting the effectiveness of MCI on cognitive performance. 
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Effects of collaborative learning on instructional design skill 

 As predicted, learners in the collaborative learning group showed a higher score on 

instructional design skill than learners in the individual learning group. With the lesson plan A 

revision, the learners in the collaborative learning group showed higher scores (M=14.07, SD=2.12) 

than the learners in the individual learning group (M=11.56, SD=2.26). A possible reason seems to 

be related to social-cognitive theory as discussed earlier with regard to the effect on general 

knowledge of instructional design. The learners in the collaborative groups discussed and 

communicated with their partners when they revised lesson plan A. They could share their 

knowledge to make the lesson plan with their partners so that they could compensate for their lack 

of procedural knowledge for making a lesson plan. The collaboration had a positive effect for the 

lesson plan activities. The learners in the collaborative group seemed to experience that anxiety was 

reduced and motivation increased by sharing the responsibility for completing the lesson plan with 

their partners, who had the same objective. Some of the groups distributed the subtasks to make 

lesson plan. For example, while one person planned learning activities, the other person made 

evaluation items. Then, they discussed whether their learning activities or evaluation items were 

appropriate to their lesson plan. So their workload was reduced. Sometimes, conflict played an 

important and positive role in the collaborative group as a means of building and elaborative 

knowledge. The learners tried to explain and justify opposing viewpoints to their partner. As a result 

they became deeply involved in the work of making the lesson plan. 

 The effect of the second lesson plan can be explained by articulation and reflection. After 

completing the lesson plan revision, the learners in the collaborative learning group presented their 

lesson plan to the whole class. At that time, the learners got some feedback and comments from the 

class members. The presentation provided a chance to modify their mental models about making 

lesson plans by their peers’ mental model. For example, the peers asked why those kinds of 

activities were integrated into the lesson plan, whether the objectives or evaluation were appropriate 

for the lesson, or suggested good ideas to make better lesson plans or lack of the factor in the lesson 

plan. During the process, the learners were able to get a chance to articulate and reflect on their 

mental model for making lesson plans. On the other hand, the learners in the individual learning 

group were given more time to revise their lesson plans. Therefore, they could not change their 

mental model about lesson plans by their peers’ mental model. As a result, the learners in the 

collaborative learning group showed higher scores (M=14.44, SD=2.26) than the learners in 

individual learning group (M=9.08, SD=4.03) on making the new lesson plan. Therefore, the result 
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explains that collaboration was effective for acquiring procedural knowledge. 

 

Interaction between Model-Centered Instruction �°  Collaborative learning  

 

 It was hypothesized that there would be interaction effects between model-centered 

instruction and collaborative learning strategies on the acquisition of instructional design expertise. 

Therefore, it was expected that there would be some significant differences on general knowledge, 

mental model similarity, and two lesson plan scores between learners in MCI and non-MCI groups 

when they collaborate with their peers and work individually. In other words, it was expected that 

the learners who worked with their partner collaboratively in the MCI groups would perform better 

than the other learners in individual learning groups or non-MCI learning groups on acquiring 

instructional design expertise. In addition, it was expected that the learners who worked 

individually in non-MCI groups would not perform better than the other learners in collaborative 

learning groups or MCI learning groups on acquiring instructional design expertise.  

 However, there were no significant interaction effects between the model-centered 

instruction and collaborative learning strategies on the general knowledge test. As also discussed 

earlier with regard to the effect on general knowledge of instructional design, it can be explained by 

the different types of knowledge. That means declarative knowledge was evaluated by the general 

knowledge test while the expert model, which was given the learners in the MCI group, involved 

procedural knowledge. Therefore there was no difference between the learners in the MCI group 

and in non-MCI group. Also, there were significant differences between the learners in collaborative 

learning group and individual learning group, but it was not big enough to show an interaction 

effect. So the findings indicated no interaction between the MCI and collaborative learning 

strategies on the general knowledge test.  

 Also, there were no significant interaction effects between model-centered instruction and 

collaborative learning strategies on mental model similarities. As mentioned earlier, all of the 

learners showed very low similarities with the expert mental model. Therefore, the MCI and 

collaborative learning strategies could not produce an interaction effect on mental models’ 

similarities of instructional design. 

 However, the result indicated an interaction effect for MCI and collaborative learning on 

lesson plan B [F(1, 120)=22.65, p=.000] (see Table 4.16 and Figure 4.1). As depicted in Figure 4.1, 

the learners who worked with their partners collaboratively in the MCI groups (M=15.18, SD=1.69) 
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performed better than the other learners in individual learning groups or non-MCI learning groups. 

In addition, the learners who worked individually in non-MCI groups showed worse performance 

(M=6.29, SD=2.75) than the other learners in collaborative or MCI learning groups on making 

lesson plan B. In general, the learners in MCI groups (M=13.75, SD=2.67) showed better 

performance than the learners in non-MCI groups (M=9.28, SD=4.46) and the learners in 

collaborative groups (M=14.44, SD=2.26) showed better performance than the learners in 

individual learning groups (M=9.08, SD=4.03). However, the performance differences between the 

learners in MCI and in non-MCI groups, when they worked individually and collaboratively, were 

not similar. The mean difference between the learners in collaborative learning groups and in 

individual learning groups when they worked with the expert model was 2.95. However, the mean 

difference between the learners in collaborative learning groups and in individual learning groups 

when the learners worked in non-MCI groups was 7.19. 

 The results indicated that the learners in non-MCI and individual learning groups did not 

apply their knowledge to make lesson plans when they got a new topic because they did not get the 

expert model nor did they have a chance to compare their mental models with those of their peers. 

So their mental models of making a lesson plan went back almost to their initial status. When they 

revised lesson plan A, the instructor scaffolded and coached them based on the instructional design 

knowledge which they learned so that they could show better performance than lesson plan B. 

However when they had to make a new lesson plan without the instructor’s help, they had difficulty 

making the new lesson plan. On the other hand, as predicted, learners in MCI and collaborative 

learning groups showed higher scores on making lesson plan B than learners in the other groups. 

The learners in MCI and individual leaning groups could modify their mental models using the 

initial working model. The learners in non-MCI and collaborative learning groups could modify 

their mental models based on peer feedback and their own understanding. The learners in MCI and 

collaborative learning groups could modify their mental models using both the expert model and 

feedback from their peers. Therefore, they had a chance to accelerate the acquisition of instructional 

design skill expertise.  

 

Limitations of the study 

 

 This study has several limitations that might reduce the generalizability of the result. First, 
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because this study used intact groups for the experiment, the participants could not be selected 

randomly from the sample. Therefore, the population to which the research findings could be 

generalized is limited. 

 Second, sometimes there were time constraints during the experiment because it was 

conducted in regular two hours class sessions. Only one hour was allowed for making a lesson plan. 

It was not always enough amount of time for the learners to make lesson plans. Especially, the 

learners in collaborative learning groups might not have had enough time because they needed extra 

time for discussion with their partners. Also, the time for scaffolding and coaching might have been 

insufficient. The instructor scaffolded and coached all of the learners by herself with thirty learners 

to help in one hour. This is likely to have limited learning among the learners experiencing 

scaffolding and coaching from the instructor.  

 Third, although this study examined the effects of MCI and collaborative learning on 

acquiring instructional design skill, this study did not provide an in-depth investigation on the 

detailed skills for making lesson plans. For example, the rubric items for evaluating lesson plan 

consisted of several categories such as objectives, motivating materials, procedures, assessment, 

and so on. However, this study tried to explain the results only from total scores of lesson plans 

rather than from the subcategories, because it did not focus on this study. Also, the results of this 

study were mainly based on quantitative data. Because of time and experimental environment 

constraints, qualitative data such as videotaping for observation of collaborative activities and 

interviewing learners could not be obtained. The qualitative data might give in-depth information 

such as how the students collaborate, what kind of contents and problems are discussed and how 

their mental models are changed. 

 Fourth, because the learners’ mental model statements of instructional design originally 

were written in Korean, the statements were translated to English to analyze them. Even though the 

researcher tried her best to translate the learners’ statements as they were, there might be some 

mistranslation or grammatical errors. Some of the sentences were incomplete and could not be 

interpreted. In addition, some of the statements had a lot of grammatical errors and some of the 

learners represented their mental models with symbols or flow charts. Therefore, some of the 

learners’ statement could not be translated as they were. 

 Fifth, the participants’ majors were diverse, but it was not investigated whether there were 

differences among the groups by their majors. Because there were not enough participants in each 

major for statistical analysis, the difference analysis could not be conducted. Even though it was 
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common that all of the participants’ majors were not geography and environmental engineering, and 

their second major was education, there may have been differences on general knowledge and 

mental model development of instructional design as well as making a lesson plan for geography or 

environmental engineering subjects according to their various majors.  

 Sixth, the general knowledge test was not tested for validity and involved only seven 

questions. Therefore, the reliability of general knowledge test was not high.  

 Lastly, since there were only a few similar studies to this study comparing MCI and non-

MCI in collaborative learning and individual learning settings, these findings should be interpreted 

cautiously. 

 

Implications 

 

 The findings of this exploratory study have several practical implications for those who 

want to apply the idea of instruction using an expert model or learning by collaboration between 

peers. First, the results of this study suggest how the model-centered instructional method and 

collaboration between peers could affect a novice learner’s ill-structured problem solving process 

and performance. In this regard, before the instruction, presenting an expert’s model related to the 

task the learners have to achieve might be beneficial to the learner’s performance. Also, during 

instruction, learners should have chances to reflect on their learning processes with respect to the 

model. In other words, when the task involves an ill-structured problem solving process, if novice 

learners have some chance to be able to modify their mental models by comparing them with an 

expert model before and during the instruction, as well as comparing them with peer’s model, it 

would be helpful to mental model development and performance. In this study, the learners who 

worked collaboratively without the expert model, or who worked individually with the expert model, 

showed better performances than the learners who worked individually without the expert model. In 

this regard, if a teacher does not have an available expert model, then a collaborative learning 

environment should be constructed in order for the learners to develop their mental models by 

comparing them to those of their peers. If collaborative learning is impossible, then an expert model 

for facilitating mental model development should be offered. 

 Second, this study suggests that the model-centered instruction method is more effective 

for procedural knowledge than for declarative knowledge. When the learning objectives are related 
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to declarative knowledge, presenting an expert model including how to knowledge is unnecessary. 

However, if the task is related to procedural knowledge such as problem solving, using an expert 

model for instruction is beneficial to the learners’ performance. In addition, this study tried to 

measure the effect of model-centered instruction on general knowledge. As this study used an expert 

model which possessed how to knowledge, the assessment of declarative knowledge was 

meaningless. Therefore, if a teacher wants to measure learners’ performance improvement when 

they use model-centered instruction, he/she has to be careful in choosing assessment items or 

methods. 

 Third, is collaborative learning always effective and beneficial? It is hard to answer the 

question. However, collaborative learning is time-consuming. As mentioned earlier, compared to the 

learners in the individual learning group, the learners in the collaborative learning group always 

needed more time to complete their tasks because they had to discuss with their partners and reach 

an agreement. Therefore, if there is a time constraint in the learning situation, it would be hard to 

get satisfactory results from the collaborative learning strategies. When learners worked 

collaboratively, they have to get enough time to share their ideas, discuss their disagreement and 

reach agreement on a solution. 

 

Further Research 

 

 The findings of this exploratory study suggest several directions for future research. First, 

one of the assumptions in this study was that the mental model similarities between expert and 

novice learners would be increased by model-centered instruction and collaborative learning 

strategies. Although no differences were found in this study, several studies have reported a 

learning-dependent progression of mental models (Ifenthaler & Seel, 2005; Seel & Schenk, 2002). 

Even though the mental model similarities with the expert were not increased, this study reported 

that the learners’ mental model statements showed better performance after instruction. As Ericsson 

(2002) indicated, development of expertise requires a lot of time. Therefore, future study is needed 

to examine the effect of model-centered instruction and collaborative learning on the development 

of mental models with enough time and treatments. 

 Second, as this study did not focus on the effects of individual differences, it is still 

necessary to consider individual differences such as the learners’ cognitive levels, their majors, and 
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their prior experiences. For example, novice learners might not get as much help from the expert 

model as advanced learners. Because they do not have any mental model for the new task, they do 

not have any schema to accommodate or assimilate to the expert model. Therefore, future study is 

needed to examine how individual differences affect acquiring expertise in model-centered 

instruction and collaborative learning.  

 Third, future studies should include the collection of qualitative data. This study did not 

provide concrete answers about how the model-centered instruction strategy and collaborative 

learning affected the novice learners’ problem solving process. For example, it is unclear what the 

learners were thinking while working with the expert model, how their mental models were 

changed during the instruction, how they perceived collaborative learning, and what kind of 

discussion or debate they did.  Asking the learners about their experience during collaborative 

activities or during observing and reviewing the expert model or their classmates’ presentations 

would help better understand the effects of model-centered instruction and collaborative learning 

and would provide us with more refined directions for future research. 

 Fourth, because this study used intact groups for experiments, participants could not 

randomly be selected. Therefore, this study is not a true experimental design. Even though 

conducting a true experimental study would not be easy, it would be desirable for more 

generalizable research findings.  

 Fifth, as mentioned earlier, the reliability of general knowledge was not high because there 

was not enough number of questions of general knowledge test. In addition validity was not tested 

because this questionnaire made by the researcher and there were no subjects for testing validity of 

the questionnaire. Therefore, future studies should test the validity and reliability of the general 

knowledge questionnaire. Also, more reliable and valid items should be included in the test.  

 

Conclusion 

  

 This study investigated the effects of model-centered instruction in individual and 

collaborative learning contexts for acquiring instructional design expertise such as general 

knowledge of instructional design, mental model development of instructional design and 

instructional design skill. 

 The results indicated that the use of model-centered instruction with an expert model was 
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effective in improving learners’ instructional design skills. However, no significant difference was 

found for general knowledge or mental model development. The main reason this study failed to 

find effects of model-centered instruction on the general knowledge test and mental models 

development can be explained by the different types of knowledge between the test and the expert 

model and insufficient time for acquiring instructional design expertise. The data presented suggest 

that collaborative learning was helpful for novice learners to enhance general knowledge of 

instructional design and instructional design skill. However, no significant difference was found for 

mental model development due to the same reason as that for the effect of model-centered 

instruction. Notably, there was an interaction effect between model-centered instruction and 

collaborative learning on instructional design skill. Model-centered instruction with collaborative 

work led to better performance in instructional design skill than non-model-centered instruction or 

individual learning. Also, non-model-centered instruction in the individual learning condition led to 

worse performance in instructional design skill than model-centered instruction or collaborative 

learning.  

 Despite results that partially support the hypotheses, this study provides support for the 

basic theoretical assumptions that novice learners need a chance to modify their mental models by 

comparing them with expert models as well as collaborative learning with their peers for effective 

learning. Due to several limitations, the results and interpretation might be considered exploratory 

and tentative. Therefore, further research to confirm the results is suggested. 
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APPENDIX A. Instructional Materi als (Translated from Korean) 
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APPENDIX B. Material for Lesson Plan A 
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APPENDIX C. Expert Lesson Plan  

 

 
(4) The subjects and time assignment  
 

Subject Contents class Note 
Human & environment �z Seriousness of environmental pollution 

�z Reason for environmental pollution 
1 

 

Environmental problem & 
endeavor for protection 

�z Environmental reality 
�z Our attitude for environmental pollution 

1 
lesson 
plan 

Importance of land 
development 

�z Meaning of the land development 
�z Importance of land development 

1 
 

Our land development �z Example of land development 
�z Lesson learned from land development 

1 
 

 
2) Lesson Plan  
 

Target Y middle school 2nd grade date  
Title 3. making good environment 

Learning 
objectives 

1. Students can indicate the problem of environmental pollution of our country. 
2. Students can explain the problem of environmental pollution of our region, and 
practice environmental protection in daily life. 

Instruction-learning activities 
Level 

Learning 
content instructor students 

time
Material and 

some 
remarks 

Introduction Check prior 
knowledge 
 
 
 
Motivate 
students 

�y What is the 
relationship 
between human & 
environment? 

 
�y What will happen 
if our environment 
is polluted? 

 
 
�y The reason of 
environmental 
pollution 

�y Environment 
affects human life.

�y A symbiotic 
relationship 

�y Impossible to 
survive 

�y Destroy 
environment to 
live not only for us 
but also our 
descendent  

- Increase  in 
population 

7 min encourage 
students to 
answer 
with 
diverse 
point of 
view 

 

�G�^�`



�G

 
 
 
 
 

Instruction-learning activities 
Level Learning 

content instructor Students 
time

Material and 
some 

remarks 
  

 
 
 
 
 
 
 
 
Identifying 
learning 
objectives 

 
 
 
 
�y Find out the 
survey result about 
environmental 
problem 

�y Present learning 
objectives 

- Urbanization 
- Industrialization 
- Science 
development 
�y Find out the 
survey result about 
environmental 
problem 

�y Identify learning 
objectives 

 �y Survey 
(summar
y) 

�y Help 
students 
to find 
out the 
subject 
of the 
lesson  

Develop-
ment  

The changed 
condition of 
natural 
environment 
 
 
 
 
Process of 
environ-
mental 
destruction 
 
 
 
 
 
 
 
 
 
 
 
Actual 
condition of 
environ-
mental 
pollution in 
our region 
 

�y How these days 
natural 
environment 
changed compared 
to the past? 

 
 
 
�y Explain the history 
of destruction of 
environment 

-start: exploitation 
from Japanese 
imperialism 
-development: after 
regaining 
independence, 
disorder and 6.25 
war 
-deepen: effect of 
economic 
development  
�y Presentation of the 
actual condition of 
environmental 
pollution 

�y Talk some rules 
for the 
presentation 

- Past: beautiful 
landscape, plentiful 
natural resources 
- Now: serious 
problem of 
environmental 
pollution (social 
problem) 
�y Listen carefully 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
�y Present with team 
member 

�y Team 1 – soil 
pollution 

�y Team 2 – air 
pollution 

33 
min 

�y Help 
students 
to find 
out the 
contents 
of 
textbook 
in a 
effective 
way 

 
 
 
 
 
 
 
 
 
 
 
 
 
�y Form for 
team 
discu-
ssion 

�y Pay 
attention 
to the 
presentati
on 
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Instruction-learning activities 
Level Learning 

content instructor students 
time

Material and 
some 

remarks 
   

 
 
 
 
The actuality 
of our 
environment 
 
 
 
 
 
 
Air pollution 
 
 
 
 
 
 
 
 
 
 
Water 
pollution 
 
 
 
 
 
 
 
Soil pollution
 
 
 
 
 
 
 

 
 
 
 
 
�y Summarize the 
students’ 
presentation and 
explain the general 
contents of 
environmental 
pollution with 
chart 

 
-major cities, the 
region of 
manufacturing 
industry 
-reason: sulfur 
dioxide, exhaust 
fumes of cars 
-effect: respiratory 
disease 
 Example: Smog of 
London 
-River and sea 
-reason 
 City: sewage of 
daily life, factory 
wastes 
 Rural area: stock 
wastes, agricultural 
chemicals 
-Almost all area 
-Reason: air 
pollution + water 
pollution + all types 
of wastes 
environmental 
pollution 

�y Team 3 – water 
pollution 

�y Team 4 –  
pollution of near of 
our school 

�y Understand the 
content relating to 
the presentation 

 
 
 
 
 
Listen carefully 
 
 
 
 
 
 
 
 
 
 
Listen carefully 
 
 
 
 
 
 
 
 
Listen carefully 

 �y Wall 
chart 

�y Wall 
chart 

 
�y Chart 
 
 
 
 
 
 
 
�y Chart 
�y Emphasiz
e the 
serious 
effect of 
air 
pollution 
even 
though 
we 
cannot 
see it. 

�y Emphasiz
e the 
water 
pollution 
is the big 
problem 
because 
of our 
drinking 
water’s 
pollution

�y Emphasiz
e soil 
pollution 
is indirect 
pollution
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Instruction-learning activities 
Level Learning 

content instructor students 
time

Material and 
some 

remarks 
  Out attitude 

for solving 
environmenta
l pollution 
problem 

- not direct 
pollution but 
indirect pollution 
- the importance of 
measures: 
impossible to 
remove polluted 
soil, aggravation of 
pollution, the 
limitation of the 
measures after 
pollution 
�y Explain the 
characteristics of 
environmental 
pollution and our 
attitude for dealing 
with the problem 

- Characteristics: 
damage for a long 
time, hard to 
restoration  
 Example: the 
restoration of the 
Thames -200 years
�y What kind of 
attitude do we 
have for protection 
of environment? 

 
 
 
 
 
 
 
 
 
 
 
 
Listen carefully 
 
 
 
 
 
 
 
 
 
 
 
 
 
- ethics for 
environmental 
problem 
-collaboration of 
people, government, 
and corporation 

  
 
 
 
 
 
�y Emphasi
ze the 
practice 
for 
solving 
problem

�y Guide 
students 
can relate 
the 
contents 
to daily 
life 

�y Use 
visual 
material

�y �Ú The 
way of 
Banishm
ent of 
pollution 
(ministry 
of 
environm
ent) 

Summar-
ization and 
evaluation 

�y Summari-
zation  

�y Formative 
evaluation 

�y Announce-
ment for next 
class 

�y Summarization of 
the instruction 

�y Formative 
evaluation 

�y Announcement for 
next class 

3. importance of 
development of our 
land 

�y Listen carefully 
 
�y Answer the 
question 

�y Identify the 
contents of next 
class 

5 min �y Summari
zation of 
the 
learning 
point 

�y Chart 
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APPENDIX D. Material for Lesson plan B 
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APPENDIX E. A Sample Lesson Plan of a Learner
 

 
 
 
 

 
 
Major : Economics  ID: 2007****  Name: Son ** 
Sep. 18th 2007, Tuesday, 3rd period, Social study 
 
1. Geographical environment of a region 
 1. Searching a region and reading a map 
   Learning objectives: �M students can talk the steps for searching for a region. 
               �N students can know a reduced scale, symbols and a                
                       contour line with a map. 

 
 Instructor’s 

activity 
Students’ activity Note 

Introduction (5min) �y Attention 
�y Check the 
assignment of last 
class (research 
about the play 
ground near by 
the students’ 
home) 

�y Examined their 
assignment 

 

�y Make teams 
with five 
members 

Development(25min) �y Examine the 
team members’ 
assignment 

�y Find out the 
steps for 
searching a 
region  

�y Think about the 
step for 
searching a 
region with their 
team members’ 
assignment 

 

Development(15min) �y Circulate a map 
of school around

�y Teach how to 
read a reduced 
scale with a map

�y Teach symbols 
�y Explain a 

contour line 

�y Get a map 
�y Read a reduced 

scale 
�y Be able to know 

symbols 
�y Be able to read a 

contour line 

�y A map 

Summarization(10min) �y Circulate a paper 
for formative 
evaluation 

�y Announce for 
next class 

�y Solve the 
problems for 
formative 
evaluation 

�y Prepare for next 
class 

�y Formative 
evaluation 
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<Lesson plan for social study, Revision>  Major: Economics, Name: 
Son ** 

Title 
I. Geographical 

environment of a 
region 

target 2nd 
grade date 2007. 

10. 2 where
1-7 

class-
room 

Learning 
objectives 

1. Students can write the 4 steps for searching a region in a right order. 
2. When 4 steps for searching a region were presented, students can write how to 
search a region for each step. 

Instruction-learning activities Level Learning 
content Instructor students 

time Mate-
rials

some 
remarks 

Introduction Check 
prior 
knowle-
dge 
 
Motivate 
students 
 
Present 
learning 
objective 

�y Check the 
assignment for 
last class (search 
the region around 
school) 

�y What is it around 
our school area? 

�y Present objectives

�y Examined 
assignment 

 
 
 
 
�y Gym, park, 
theaters, game 
places 

�y Check learning 
objectives 

8 min

Materia
l for 
searchi
ng a 
region
(each 
team)

Set the 
table for six 
teams 

Develop-
ment 

Method 
and 
sequen-
ce of 
search-
ing a 
region 

�y What is the 4 
steps for 
searching a region

�y Present the steps 
for searching  a 
region with 6 
teams 

�y Decide by lots for 
presentation 

�y Summarize of the 
students’  
presentation 

�y Explain the each 
step 

-plan for 
searching -> 
indoor searching-
> field  research-
> make a report 
-present by each 
team 
 
 
 
 
-understand the 
contents relating 
to presentation 
and 
summarization 

30min Materia
l for 
searchi
ng a 
region
(each 
team)

Be careful 
for not 
distracting 

Summari-
zation & 

evaluation 

Summari
zing the 
lesson 

�y Summarization  
�y Conduct 

formative 
evaluation 

�y Announcement 
for next class 

�y Listen carefully
�y Solve the 
problems for 
formative 
evaluation 

�y Check for next 
class contents 

7min Format
ive 
evaluat
ion 
paper

Pay 
attention to 
solve the 
problem 
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APPENDIX F. Peer Evaluation Form (Translated from Korean) 
 

Lesson Plan Peer Evaluation Form 
Name: _____________________

      
Group (members’ name) Score 

 1 2 3 4 5 

Group 1: �Q �Q �Q �Q �Q

Group 2: �Q �Q �Q �Q �Q

Group 3: �Q �Q �Q �Q �Q

Group 4: �Q �Q �Q �Q �Q

Group 5: �Q �Q �Q �Q �Q

Group 6: �Q �Q �Q �Q �Q

Group 7: �Q �Q �Q �Q �Q

Group 8: �Q �Q �Q �Q �Q

Group 9: �Q �Q �Q �Q �Q

Group 10: �Q �Q �Q �Q �Q

Group 11: �Q �Q �Q �Q �Q

Group 12: �Q �Q �Q �Q �Q

Group 13: �Q �Q �Q �Q �Q

Group 14: �Q �Q �Q �Q �Q

Group 15: �Q �Q �Q �Q �Q

Group 16: �Q �Q �Q �Q �Q

Group 17: �Q �Q �Q �Q �Q

Group 18: �Q �Q �Q �Q �Q

Group 19: �Q �Q �Q �Q �Q

      
Evaluation criterion       
1. All factors for lesson plan are satisfied? 
2. All principles and rules for lesson plan are followed? 
3. This lesson plan encourage to students to participate actively in the lesson? 
(4. This lesson plan is similar to expert lesson plan?) 
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APPENDIX G. Instructional Design Problem Solving Scenario  
 
Consider this situation. You have developed a reputation for being an effective and efficient 

instructional and curriculum planner. A good friend of yours, who teaches at another school, has 
recently been given the task of designing and implementing a new course in environmental science 
that will be offered to all students in grade 5 who are about 10 years of age. There is currently an 
elective course at the high school level in environmental science but there is no evidence that this 
course affects student behavior in a positive way. The school board has decided that the right way to 
begin is by teaching children at an early age about the importance of the protection of natural 
environments. The course will become a regular part of the elementary school curriculum in this 
school and will be mandated to last for 15 weeks, meeting three times a week for 50 minutes. Those 
who sponsored the new program want to see evidence collected to show that it has a positive effect 
on children. 

 
Your friend was selected for this task because her undergraduate degree is in earth science, 

and she worked as a representative of a conservation movement group for two years prior to 
returning to college for her teaching certification. She is now teaching science at the elementary 
school. She has come to you and explained the situation sketched above. How would you advise her 
to proceed? Specifically:  

 
1. What are the critical factors in planning and implementing this course? Please describe 

each factor. 
2. How are they related? Please describe and explain each relationship. 
3. For each factor and relationship described, are there any assumptions you have made? 

Please indicate any and all assumptions you believe relevant to this situation and your 
response. 

4. Are there any rules or principles that have to be applied in order to complete the plan 
and implement the course? 

5. What else do you need to know to complete the plan and implement the course? 
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APPENDIX H. T-MITO CAR Main Screen 
 
 

 
 

<T-MITOCAR Home screen> 
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<T-MITOCAR Text upload screen> 
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<T-MITOCAR screen for visualization of a model> 
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<T-MITOCAR screen for comparing models> 
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APPENDIX I. Expert Mental Model I, II, III 
 
Expert model I 
 
1. What are the critical factors in planning and implementing this course? Please 
describe each factor. 
2. How are they related? Please describe and explain each relationship. 
3. For each factor and relationship described, are there any assumptions you have 
made? Please indicate any and all assumptions you believe relevant to this situation 
and your response. 
4. Are there any rules or principles that have to be applied in order to complete the 
plan and implement the course? 
5. What else do you need to know to complete the plan and implement the course? 
 

I. Identify the resources (time, money, people) you have to work on the project 
and the amount of time you have to complete it) 
II. Identify the learning outcomes the course should focus upon (i.e. what skills, 
knowledge, attitudes should the learners possess when they complete the course?) 
  a. identify who can help you answer the aforementioned question 
– teachers?, administrators?, conservationists?, etc. 
  b. identify the resources you can turn to in order to answer the 
question (e.g., existing lists of skills from other schools and districts, state 
standards, lists put out by science  educators, conservationists, etc.) 
  c. identify who will need to review and approve the outcomes you 
derive 
III. Identify the skills/knowledge  learners already possess re the topic (their 
prior knowledge) 
   a. the difference between the skills/knowledge  the learners 
already possess and that which they are expected to know/do at the end of the 
course will serve as the focus for much of your design and development efforts 
  b. also identify learner attitudes towards the topic. This info. can 
help you plan your instructional strategy. 
 
IV. Get a clearer picture of how, if at all, the course you will design is supposed to 
be related to the high school course. For example, are the skills to be  taught in 
your course intended to serve as prerequisites for some of the learning outcomes 
the high school course focuses upon 
V. Identify the instructional and informational resources (human and non-human) 
that can be drawn upon to help students acquire the desired outcomes 
  a. identify how those resources will be used and in what sequence 
should they be used? 
VI. Identify the outcomes for which appropriate resources, do not exist, and go 
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about creating (designing and developing) those resources 
  a. you are likely to have to draw upon others to complete this task 
VII. Identifying appropriate means of assessing the effectiveness of the course and 
develop (and/or select) instruments and/or methods for conducting that assessment.  
VIII. Conduct a pilot test (formative evaluation) of the course. Examine 
instructional processes and learning outcomes. Decide what revisons need to be 
made. Make them.  
IX. Be sure to get teacher buy-in. Work with teachers during all phases of the 
project. 
X. Get administrator buy-in. Work with administrators during all phases of the 
project. Make sure they will support the project. 
XI. A simple and brief set of directions for teachers who will be in charge of the 
course should be developed and pilot tested along with the rest of the course. 
XII. Design procedures for regularly monitoring course practices and (or at least) 
learning outcomes so that problems can be identified and revisions can be made, if 
necessary.  
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Expert model II  
 

1. What are the critical factors in planning and implementing this course?  
Successful planning and implementing such a course will involve 4 factors. 

�x Backward planning:  knowing what you want your students to be 
proficient with by the end of the course 

�x Selecting appropriate Course of Standards to guide the development 
�x Common assessments at critical points along the way 
�x Explicit Instruction Model for teachers  

2. How are they related? Please describe and explain each relationship. 
�x Backward planning is crucial to the entire process.  Teachers must know what 

the end product will look like in order to make adjustments for individual 
learning styles and needs.  Having a question such as what do the students 
need to learn in mind will help.  

�x Embedding District and state course of standards from the beginning will add 
tenacity to any new curriculum and teachers will be able to see the need for new 
courses….this also allows for vertical planning since this course will be leading 
to future competencies. 

�x Thinking through the question…”are the students getting it/or do they already 
know this” will guide pacing and appropriate teacher adjustments…in all 
successful educational experiences it is crucial to understand that it is about the 
learning….not the teaching.  In other words…just because you taught it 
doesn’t mean they got it.  Common assessments will inform teachers of this.  
Planning what this will look like ahead of time will make the course have the 
longevity it will need to sustain natural district changes. 

�x Writing lesson plans with the explicit model in mind will help teachers move 
toward true learning….(state/tell what will be learned…show or model what is 
expected…provide opportunities of guided practice with teacher 
feedback….provide opportunities for individual application. Within this process 
teachers should have chances to go back and forth to modeling and guiding 
when appropriate to allow for gradual release of responsibility) 

3. For each factor and relationship described, are there any assumptions you 
have made? 
�x Backward planning…most lessons are not written with essential understandings 

established and thought through first so that it seems amazing when students 
actually accomplish the stated goals! 

�x Many good lessons refer to course of standards later and do not consider the 
relevance at the initial stages wasting time and energy 

�x Adding common assessments at established benchmarks will help teachers 
guide their instruction and consider the learners….not the content as the driving 
force.  This is a point for accelerated learners to go beyond which is important 
for any successful course of study. (Did they already know it?) 

�x Too many lessons do not give students ample practice after seeing and knowing 
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what is expected.  ALL good lessons move between modeling and guiding 
considering how a diverse group is achieving.   

 
4. Please indicate any and all assumptions you believe relevant to this situation 
and your response.  The overriding assumption for success will be to consider 
our students at every point of development.  Many young students lack relevant 
knowledge to help them assimilate new vital information and need additional 
motivating experiences to cement the new learning.  Passion and patience mixed 
with technology will drive the success!  (for students and teachers) 
5. Are there any rules or principles that have to be applied in order to complete 
the plan and implement the course? 
�x Never script a lesson plan for teachers!  Provide ideas and templates and 

sidebar notes with references but allow teachers to think a bit outside the box.   
6. What else do you need to know to complete the plan and implement the 
course? 
�x Thorough knowledge of the course material…from many angles and 

perspectives will add the credibility needed for success! 
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Expert model III  
 
A lot of my answer is to begin by conducting a full/standard needs assessment. 

Unfortunately, the school board has chosen a “solution” to an instructional “problem” that 
they have defined and that may end up not actually being a problem. In other words, the 
school board seems to have made a decision to build a curriculum, and to have even 
defined the length, etc., of the curriculum, without having gathered sufficient data to make 
these decisions (a not-too-unusual situation for an instructional designer, of course.) 
 
1. What are the critical factors in planning and implementing this course? Please describe 
each factor. 
The critical factors here are many; again, I would suggest she conduct even a brief, shoe-
string type of needs assessment to aid her friend as they begin; perhaps they can enlist the 
help of students and faculty in a nearby instructional technology program and do it as a 
class project. Data related to most of these factors would be collected as part of this needs 
assessment. 
 
Factors: 

- Need of the district for the course – This is the crux of the problem. What are the 
drivers for this stated need?  Who has determined it is needed and why? Is it 
possible that students already ARE learning this environmental science topic in this 
grade already?  Why is the high-school curriculum not working?  Was the high-
school curriculum actually truly subjected to an evaluation? Etc. 

- What are the goals the district hopes to accomplish with this curriculum (learning 
and attitudinal goals, especially, but are there perhaps other goals, such as political 
ones?) 

- What content should be taught in this curriculum?  Are there state or national 
standards that must be addressed?  Is there agreement in the professional field 
about what should be covered? 

- What are the perceptions of students, teachers, administrators, parents and 
community members about the need for the curriculum? 

- Possible availability of existing curricula for this topic for this age group, that is, 
that could be purchased and/or adapted  

- Prior knowledge of students of this age about the topic of environmental science 
and related science topics. 

- Other characteristics of these students 
- Characteristics of the delivery/implementation settings in this district in these 

schools. 
- What are the resources available to aid your friend in developing this curriculum, if 

it must be fully developed, or in adapting it, if it possible to adapt an existing 
curriculum? 

 
2. How are they related? Please describe and explain each relationship. 
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There are many relationships.  All the learner characteristics are related at one level, eg. 
the learners’ prior knowledge and other characteristics. The setting characteristics are 
somewhat related to these.  The perceptions of all involved are, of course, related and 
student characteristics are somewhat related to these.  The resources are also related to 
these “district and student characteristics.” You could say that the existing curriculum 
factors are related to the issues of standards and content and professional expectations.  
The eventual goal and reasons for the curriculum are all related to everything actually. 
(If I were more of an artist or had brought along Inspiration I’d have drawn these 
relationships, but I think you get the idea.) 
 
3. For each factor and relationship described, are there any assumptions you have made? 
Please indicate any and all assumptions you believe relevant to this situation and your 
response. 
 
I think that my main assumption is that there might be some way to collect at least some of 
these needs assessment data.  Another important assumption is that the designer and her 
friend have some influence, eg. that if they find an existing curriculum or find that that a 
shorter curriculum, etc., not dictated by the district, the district would be amenable to the 
designer and friend’s decisions. 
Another important assumption is that she and her friend would be able to follow good ID 
principles to develop, implement and evaluate the curriculum.  
 
4. Are there any rules or principles that have to be applied in order to complete the plan and 
implement the course? 
 
Yes, I am applying standard ID principles in my view, that is, that one would begin by 
conducting at least a minimal needs analysis to determine what the curriculum should be 
and how it should be developed, etc. 
Another, of course, is that she and her friend would be able to follow good ID principles to 
develop, implement and evaluate the curriculum. (I put this above, too, as an assumption.) 
 
5. What else do you need to know to complete the plan and implement the course? 
 
Mostly they would need to know good ID and to have the data that came out of the needs 
assessment.  They would then know how to proceed, what the goals and objectives should 
be, strategies and media these teachers would be amenable to, what parents, teachers and 
administrators would support, what their resources would be, etc. 
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APPENDIX J. Lesson Plan Rubric 
 

Lesson 

Components 
Criterion Y/N 

Objectives 

* Do the objectives provide a clear sense of what students will achieve as a 

result of the lesson? 

* Is there a strong relationship between the objectives and the learning 

standards? 

* Are all of the objectives and activities appropriate for the intended grade 

level? 

* Are objectives likely to be accomplished by almost all students in the time 

allotted? 

1/0 

 

1/0 

 

1/0 

 

1/0 

Motivating 

* Is there a motivational strategy or activity at the beginning and during the 

instruction? 

* Is the lesson/activity intrinsically motivating for the target population? 

1/0 

1/0 

Materials 

/Resources 

* Does the lesson plan include all materials (and explanations if necessary) that 

are needed for lesson? 

* Are the resources likely to enhance learning significantly? 

1/0 

1/0 

Lesson 

Description 

* Does the lesson plan describe how the lesson will work? 

* Does the lesson plan describe the lesson so that another teacher could 

understand it and implement it without your presence? 

1/0 

 

1/0 

Procedure 

* Does the lesson plan clearly articulate how the lesson will begin and end, and 

how they will transition between major components of the lesson? 

* Does the activities describe in the lesson provide an explanation of how the 

students will achieve the objectives of the lesson? 

* Is the time allotment for introduction, development (including activities) and 

summary reasonable? 

* Is the teacher's feedback during the instruction appropriate? 

 

1/0 

 

1/0 

 

1/0 

1/0 

Assessment 

* Does the lesson plan describe the assessment measure for determining 

whether the lesson's objective(s) were met? 

* Are the methods and strategies for measuring student learning throughout the 

lesson and at its conclusion clearly articulated? 

1/0 

 

1/0 

Application 

* Does the lesson plan describe creative and thoughtful ideas for how it will 

help students apply what they have learned in the lesson? 

* Does the idea help students make connections between the lesson and other 

topics, concepts or ideas? 

1/0 

 

1/0 

 Total score 18 
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APPENDIX K. General Knowledge Tests with Demographic Information 
 

College ____________________   Major _______________________  Grade ________ 
Name _____________________   Gender ________________    Age  __________ 
 
 

 Have you ever taken courses related to instructional design? yes _____   no  _____ 
    If yes, please write the course titles. ________________________________________ 

 Do you have any working experiences as a instructional design or teacher? yes__ no __ 
    If yes, how long did you work? __________________________ 
 
Please answer the questions 

 
1. State the general factors and steps in the instructional design process. Also, explain 

how the factors are related.  
 
2. Listed below are the key words for the six instructional activities included in an 

instructional plan. Indicate your understanding of these events by briefly describing 
each one. 
A. Motivation of students 
B. Objectives 
C. Prerequisites 
D. Information and Examples 
E. Practice and Feedback 
F. Summary 
 

3. Mrs. Lee usually has her students learn about the human circulatory system by having 
them read a chapter in their textbook. However, this year she is teaching a group of 
below-average learners and she thinks they will not understand the textbook 
description. She decides that instead of having them read the textbook, she will give 
them a lecture in which she describes how the circulatory system works. She also 
decides that she will create some simple overhead transparencies. Was her selection of 
an alternative instructional medium a good one? Provide a rationale for your answer. 
Be sure that your rationale deals with the issues of practicality, learner characteristics, 
and instructional activities. 

 
4. Describe at least three major purposes for testing students after they have completed 

instruction. 
 
5. Which of the following statements indicate an appropriate prerequisite for the target 

learning goal? (Check all that apply) 
A. Draw a straight line before learning to letter. 
B. Add before learning to multiply 
C. Interpret decimals before learning to compute percentages 
D. Write paragraphs before learning to identify musical instruments 

 
6. Mr. Kim is preparing a test on the Korean War but is not sure what should be on his test. 
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Objectives serve many purposes. How could objectives be helpful to Mr. Kim? 
 
7. Listed below are a number of objectives and test items. In each case, indicate if the test 

item adequately measures the objective. If not, write a better test item. 
A. Objective: Describe the two-party system. 

  Test item: Write the party of the current president of the Korea. 
 

B. Objective: Be able to convert from scientific to standard notation. 
  Test item: State the rule for converting from scientific to standard notation 
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APPENDIX L. Scoring Rubric for General Knowledge Test 
 
 

Q1. General factors and steps in the instructional design process (35 points) 
 

Point 35 30-20 20-10 10-0 
 All factors, steps 

and relationships 
included 

Missing 1-2 factors, 
steps and 
relationships 

Missing 3-5 factors, 
steps and 
relationships 

Few factors, steps 
and relationships 
included 

 
Q2. Instructional activities in a lesson plan (30 points) 
 

Point 5-4 3-2 1-0 
Motivation of 
students 
 

All methods and 
rules for the event 
described 

Missing 1 methods 
and rules for the 
event 

Missing many 
required elements 

Objectives All methods and 
rules for the event 
described 

Missing 1 methods 
and rules for the 
event 

Missing many 
required elements 

Prerequisites All methods and 
rules for the event 
described 

Missing 1 methods 
and rules for the 
event 

Missing many 
required elements 

Information and 
Examples 

All methods and 
rules for the event 
described 

Missing 1 methods 
and rules for the 
event 

Missing many 
required elements 

Practice and 
Feedback 

All methods and 
rules for the event 
described 

Missing 1 methods 
and rules for the 
event 

Missing many 
required elements 

Sub 
items 

Summary All methods and 
rules for the event 
described 

Missing 1 methods 
and rules for the 
event 

Missing many 
required elements 

 
Q3. Educational method (10 points) 
 

Point 10 9-7 6-4 3-0 
 All practicality , 

learner 
characteristics, and 
instructional 
activities 
considered 

Missing 1-2 
practicality , learner 
characteristics, and 
instructional 
activities 

Missing 3-5 f 
practicality , learner 
characteristics, and 
instructional 
activities 

Few practicality , 
learner 
characteristics, and 
instructional 
activities 
considered 
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Q4. Purposes for testing (10 points) 
 

Point 10 6 3 0 
 Three purposes 

described  
Two purposes 
described 

One purposes 
described  

None purposes 
described 

 
Q5. Prior knowledge assessment (5 points) 
 

Point 5 2.5 0 
 B and C selected  B or C selected B and C not selected 
 
Q6. Relationship between objectives and testing 
 

Point 5 2.5 0 
 More than two purposes 

described 
One purposes described  None purposes described 

 
Q7. Item description  
 

Point 2.5 1 0 
A Properly corrected Indicated wrong 

item but not 
corrected 

Wrong answer Sub 
items 

B Properly corrected Indicated wrong 
item but not 
corrected 

Wrong answer 
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APPENDIX M. Human Subject Committee Approval 
 
Office of the Vice President For Research Human Subjects Committee Tallahassee, Florida 32306-2742(850) 
644-8673 . FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
Date: 11/9/2007 
To: Hyewon Kim 
Address: 2039 N. Meridian Rd. #118 Tallahassee FL 32303 
Dept.: EDUCATIONAL PSYCHOLOGY AND LEARNING SYSTEMS 
 
From: Thomas L. Jacobson, Chair 
 
Re: Use of Human Subjects in Research 
An investigation of the effects of model-centered instruction in individual and collaborative contexts: The 
case of acquiring instructional design expertise 
 
The application that you submitted to this office in regard to the use of human subjects in the proposal 
referenced above have been reviewed by the Secretary, the Chair, and two members of the Human Subjects 
Committee. Your project is determined to be Expedited per 45 CFR § 46.110(7) and has been approved by an 
expedited review process. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to weigh the risk 
to the human participants and the aspects of the proposal related to potential risk and benefit. This approval 
does not replace any departmental or other approvals, which may be required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent form is 
attached to this approval notice.  Only the stamped version of the consent form may be used in recruiting 
research subjects. 
 
If the project has not been completed by 10/24/2008 you must request a renewal of approval for continuation 
of the project. As a courtesy, a renewal notice will be sent to you prior to your expiration date; however, it is 
your responsibility as the Principal Investigator to timely request renewal of your approval from the 
Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by the Committee 
prior to implementation of the proposed change in the protocol.  A protocol change/amendment form is 
required to be submitted for approval by the Committee.  In addition, federal regulations require that the 
Principal Investigator promptly report, in writing any unanticipated problems or adverse events involving 
risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is reminded that 
he/she is responsible for being informed concerning research projects involving human subjects in the 
department, and should review protocols as often as needed to insure that the project is being conducted in 
compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The Assurance 
Number is IRB00000446. 
 
Cc: Jonathan Spector, Advisor 
HSC No. 2007.504 
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APPENDIX N. Consent Form 
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APPENDIX O. Independence of Observation (Durbin-Watson Coefficient) 
 

 
Durbin-Watson test for general knowledge of instructional design 

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate Durbin-Watson

1 .275(a) .076 .061 6.55266 1.982
 
Durbin-Watson test for lesson plan A revision 

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate Durbin-Watson

1 .535(a) .286 .274 2.47995 2.015
 
Durbin-Watson test for lesson plan B 

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate Durbin-Watson

1 .804(a) .646 .640 2.74714 1.561
 
Durbin-Watson test for concept matching similarity with expert 

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate Durbin-Watson

1 .144(a) .021 .003 .08021 2.573
 
Durbin-Watson test for gamma similarity with expert 

Model R R Square 
Adjusted R 

Square 
Std. Error of 
the Estimate Durbin-Watson

1 .016(a) .000 -.018 .26313 2.162
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APPENDIX P. Student’s Mental Model Sample of Instructional Design 
 
1. What are the critical factors in planning and implementing this course? Please describe each 
factor.  
* Analysis (need analysis, learner analysis, learning objectives analysis) : You have to 
design an instruction considering what the ultimate goal of this instruction are, what the 
learners need, and how about the prior knowledge level of the learners are.  
* Design : With the factors from the analysis, what kind of instruction do you make? 
* Development : You have to make materials needed for instruction by yourself. 
* Application : Applying the instruction to real situation, you have to revise or correct the 
part if there is some problem. 
* Evaluation : Are the initial goal achieved through the instruction? 

 
2. How are they related? Please describe and explain each relationship.  
Before the instruction, the instructor has to analyze all of the factors and then teach the 
learners and evaluate how the effect of instruction is. 

 
3. For each factor and relationship described, are there any assumptions you have made? Please 
indicate any and all assumptions you believe relevant to this situation and your response.  
Each factor has to interact with each other. Also, previous step has to be achieved 
successively before the latter step is achieved. 

 
4. Are there any rules or principles that have to be applied in order to complete the plan and 
implement the course?  
An instruction has to be designed from macro level to micro level. It has to be conducted 
from the whole to the specific and from easy to difficult things because the learners’ 
understanding should be considered.  

 
5. What else do you need to know to complete the plan and implement the course?  
The instructor has to know about the current social trend. First of all, the instructor let the 
learners know how the instruction affects to the society and why the learners have to learn 
it. According to the background of the society, the instructional design can be changed. 
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