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ABSTRACT 

This research posits that it is possible to develop 

transferrable metacognitive skills in educationally 

disadvantaged students with consistent and intensive 

instruction in higher order thinking skills. The 53 

subjects in this study were fourth and fifth grade Native 

American (41%) and non-Native American (59%) students whose 

reading comprehension scores fell between the 15th and 40th 

percentile. Students in the experimental group were placed 

in the Higher Order Thinking Skills (HOTS) Program for one 

year. A comparison group of 49 students with equivalent 

reading scores received traditional Chapter 1 services. 

Metacognitive growth was measured using six instruments: 

cognitive abilities measures, reading comprehension scores, 

academic grade point averages, writing skills, novel problem 

solving tasks, and a metacognitive questionnaire. The 

instruments contained a total of 15 measures with multiple 

comparisons. Both Native American and Hispanic HOTS students 

made significant growth on 22 out of 22 comparisons. Twelve 

comparisons were made between HOTS students and control 

groups. HOTS students significantly and substantially 

outscored the control groups in all 12 comparisons. This 

research found that the HOTS Program is an exemplary 

instructional approach to helping educationally 
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disadvantaged students in grades 4-7 as compared to 

traditional Chapter 1 methods. HOTS produces sUbstantial 

growth on a wide variety of outcomes. The gains appear to 

result from far transfer of the metacognitive skills 

developed by the HOTS students. All HOTS students made 

sUbstantial academic gains in the regular classroom across 

the content areas despite the fact that HOTS is a pullout 

program with little linkage to classroom content. Thirty

four percent of the HOTS students made the honor roll. At 

the same time the GPA of the control students who receives 

supplementary drill and content instruction, and who spent 

more time in the classroom declined. This suggests the 

primary determinant of the effects of a program has nothing 

to do with whether a program is pullout, but is strictly a 

function of the instructional design of the program. 
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INTRODUCTION 

Purpose of the study 
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The purpose of this study is to examine the effects of 

the Higher Order Thinking Skills (HOTS) Program on 

metacognitive development in educationally disadvantaged 

students. The goals of the research were to: (1) determine 

if HOTS instruction aids students in developing greater 

metacognitive skills and (2) measure the consequences of 

metacognitive development on transfer. 

Metacognitive skills are specific cognitive processes 

which enable learners to apply higher order thinking skills. 

When metacognitive processes are highly developed, learners 

are able to: (1) infer meaning, (2) make predictions, (3) 

strategize to problem solve, (4) form analogies, (5) 

identify relationships and patterns, and (6) develop 

perspectives needed to make paradigm shifts. Consequently, 

learners are able to make needed connections between prior 

and new knowledge which permits transfer of knowledge to new 

contexts. 

The development of metacognitive skills appears to be 

critical for increasing academic achievement of educational 

disadvantaged students. The Higher Order Thinking Skills 

(HOTS) Program provides a special culture to develop 
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metacognitive skills via on-going socratic dialogue between 

the teacher and the students, in conjunction with 

sophisticated computer activities. 

Historical Background 

Historically, education of the elite and education of 

the masses arose from different roots. The elite attended 

academies and preparatory institutions where high literacy 

and thinking goals were a primary focus. Schools developed 

for the mass population focused on application and practical 

topics needed to achieve minimal levels of competence 

(Resnick, 1987). 

Today's society exists in an advanced technological age 

where it is necessary to have more than a functional command 

of reading, writing, and numeric skills. Employees are 

expected to have quantitative skills as well as reading 

comprehension skills necessary for understanding complex 

material. Individuals must be aware of the need to 

consolidate, update, and draw on learned skills continually 

in adult life (Lowe, 1993). Thus, teaching higher order 

skills to all students has become critical (Resnick, 1987). 

Statement of the Problem 

A key element in students' ability to think about, 

understand, and transfer classroom knowledge is 

metacognitive skills. Many educationally disadvantaged 

students appear to be unable to develop fundamental 
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metacognitive skills in the traditional classroom 

environment. The lack of metacognitive skills interferes 

with their ability to apply and generalize what is learned 

in class. This is particularly a problem after the fourth 

grade where classroom learning becomes more integrative and 

holistic. 

The inadequate thinking skills of educationally 

disadvantaged students manifest themselves in a variety of 

ways. For example, when reading a passage containing an 

unknown or new word, the educationally disadvantaged student 

is usually unable to use context clues to infer meaning of 

the word. The student will skip the word, attempt to 

pronounce the word, or say "whatever" and continue reading. 

When pursued regarding the meaning of the word, the student 

will eventually say "I don't know." 

Another example of a consequence of inadequate thinking 

skills is that when asked to develop a literary character's 

perspective of a specific situation, the student will give 

simplistic answers such as "he was happy," "she didn't like 

it," or "he was mad," as opposed to a fully delineated 

response. Even with further probing, the student is unable 

to articulate reasons as to why a character was "mad," 

"happy," or "didn't like," the situation. 

Without adequate thinking skills students have 

difficulty generalizing. For example, even when students 
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are able to use a strategy such as using paragraph topics in 

the text book to find answers for a specific assignment, 

they are unable to apply this approach in different 

contexts. The student has to be retaught the strategy each 

time a new assignment is given. 

The focus of this study was to test the effects of an 

innovative approach to enhance the metacognitive skills of 

educationally disadvantaged students. The approach used was 

instruction in the Higher Order Thinking Skills Program for 

one year. 

Research Questions 

1. Does HOTS instruction expand and/or develop the 

metacognitive skills of educationally disadvantaged 

students? 

2. Are the gains in metacognitive skills transferred 

to other contexts, and how are such gains manifested? 

Experimental Approach 

The Higher Order Thinking Skills (HOTS> Program 

designed by Dr. Stanley Pogrow is part of the National 

Diffusion Network, and has been implemented in schools since 

1983. HOTS is a two-year program designed to develop the 

metacognitive skills of educationally disadvantaged students 

in the fourth through seventh grades. 

HOTS is a specialized program that replaces the 

traditional Chapter 1 drill and practice activities with 
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higher order thinking experiences. The program's goals are 

to improve basic skills; increase social confidence; and 

develop higher order thinking skills. This dissertation 

only measured outcomes of one and three. 

The HOTS Program consists of a detailed and creative 

curriculum which incorporates drama, Socratic dialogue, 

computers, and cognitive psychology. Students receive HOTS 

instruction 35 to 40 minutes a day four times a week. 

Approximately 170 HOTS lessons are covered in a two year 

period. 

HOTS lessons are innovative and challenging activities 

designed to develop the following key metacognitive thought 

processes: (1) identifying patterns and relationships, (2) 

drawing conclusions, (3) drawing analogies, (4) developing 

inference from context skills, (5) developing different 

perspectives, (6) developing strategies needed for problem 

solving, (7) developing and increasing cognitive schemata 

necessary to achieve and transfer knowledge to new/different 

contexts, and (8) transfer. 

The basic curricular processes for developing 

metacognitive skills include (1) multiple examples of 

generalizations, (2) strategy formation/disconfirmation, (3) 

intellectual challenges, (4) indirect teaching of content, 

(5) Socratic dialogue, (6) controlled failure and 
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floundering, (7) incomplete instruction, and (8) stimulating 

high levels of student interest (Pogrow, 1990, p. 48). 

At the beginning of HOTS lessons, the students sit as a 

group and engage in sophisticated Socratic dialogue 

discussions with the teacher which focus on. developing 

metacognitive thought processes. As the student-teacher 

dialogue progresses, the conversation focuses on intense 

development of metacognitive skills by having students 

articulate, decontextualize, and apply strategies to a 

variety of problem situations. Students are continuously 

probed until they articulate their thoughts and ideas 

completely. 

Upon completion of the Socratic dialogue session, 

students are given a challenge activity to work at on a 

computer in which they are required to apply and further 

develop metacognitive skills learned in socratic dialogue 

sessions. After the computer session is completed, the 

lesson is often closed with post-teaching in the form of 

short socratic discussions focused on application and use of 

learned metacognitive skills in other contexts. More 

detailed descriptions of how the curriculum is designed and 

organized can be found in Pogrow (1990). 

Prospective HOTS teachers must attend one week of 

intensive training on how to teach the program. The 

training enables the teacher to consistently apply the 



detailed curriculum and use the HOTS Program's Socratic 

model in their conversations when teaching students. 

significance of the Study 
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The HOTS Program expands instruction of higher order 

thinking skills to a segment of the school population who 

have not been generally exposed to higher order thinking 

skills development. 

The research provides information for scholars who have 

debated whether transfer exists and scholars who have 

debated whether thinking should be developed in content 

areas, or if general thinking skills (i.e., learning how to 

learn) should first be taught separately. Since HOTS is a 

general thinking program, which is largely taught 

independently of classroom content, this study was a test of 

whether the latter is appropriate for educationally 

disadvantaged students. 

If educationally disadvantaged students participating 

in the HOTS Program are able to develop general 

metacognitive skills from HOTS instruction and transfer 

these skills to improved academic classroom and test 

performance, such findings will be highly significant to 

scholars, and practitioners. 

The findings will be significant to scholars interested 

in the development and transfer of metacognitive skills. If 

metacognitive skills of the HOTS students are transferrable, 
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such findings would demonstrate that (a) educationally 

disadvantaged students possess the potential to develop and 

transfer metacognitive skills, (b) that it is possible to 

produce transfer from intensive intervention based on 

exemplary curriculum, and (c) that it is possible to design 

thinking activities in a way that increases basic and 

academic skills to an even greater extent than traditional 

drill approaches. 

Research to date on the effects of metacognitive 

instruction on educationally disadvantaged students has been 

limited to type and number of treatment applications, and 

the short duration of the studies. Studies to this date 

appear to have been conducted for less than a year, with 

treatments averaging once a week at the most. To this 

researcher's knowledge this is the first study which 

provided intensive (four times a week) metacognitive 

instruction over the course of an entire school year. This 

research would show if there are cumulative effects from 

daily activities and constant intervention for an entire 

year. The research will further demonstrate if cumulative 

effects of metacognitive development transfers to increased 

academic performance. 

This is the first study about the effects of the HOTS 

Program to use a wide variety of outcome measures. Studies 

to date have focused primarily on standardized test scores. 
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Performance outcomes for this study will be measured in the 

following areas: (a) reading comprehension, (b) cumulative 

grade point averages, (c) writing skills, (d) thinking 

activities, (e) metacognitive questionnaire, and (f) 

cognitive abilities. This study gives, for the first time, 

a complete picture of the effects of HOTS. 

Findings will show practitioners how the use of a cost 

effective organized program with a specific curricula design 

can effect overall organization of school services by 

replacing numerous other programs trying to achieve the same 

outcome. 

Findings demonstrated if utilization of program 

guidelines requiring intermediate scheduling and programming 

to be organized differently from traditional scheduling is 

successful for students leaving the regular classroom only 

one time a day for 35 to 40 minutes of instruction. The 

research showed if minimization of movement allowed students 

to realize maximum benefit from the program and regular 

classroom instruction. 

Success of the experimental students would demonstrate 

to practitioners whether the HOTS Program can successfully 

break the remediation chain of educationally disadvantaged 

students, and if the students would be able to successfully 

learn classroom content the first time it is taught by being 

able to achieve increased academic gains, allowing the 
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students with greater challenges. 
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Measurement of effects from the HOTS activities on a 

variety of outcomes significantly demonstrated how 

development of metacognitive skills provide a solution for 

fundamental learning problems preventing educationally 

disadvantaged students form succeeding academically. 

The research showed that learning is dependent on the 

instructional design of the activities provided for students 

and not whether supplemental support is provided in the 

classroom or as a pullout. 

Definition of Terms 

For the purpose of this research, specific terms are 

defined in the following list. 

Comprehension refers to the conscious process about 

comprehension and how to understand. Students monitor 

comprehension by being able to recognize when they do not 

understand and when strategies need repair. 

Cognition refers to the mental process by which 

knowledge is acquired. 

Educationally disadvantaged refers to students scoring 

between the 15th and 40th percentiles on reading tests. 

Higher Order Thinking Skills (HOTS) Program refer so 

the higher order thinking skills program developed by Dr. 

Stanley Pogrow at The University of Arizona. 
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Knowledge refers to familiarity, awareness, or 

understanding gained through experience or study. The sum 

range of what has been perceived, discovered, or inferred. 

Metacognition refers to an individual's awareness of 

their own knowledge, and their ability to understand, 

control, and manipulate specific cognitive processes. 

Metacognitive schema supplies scaffolding which allows 

students to make informed metacognitive assessments when 

assimilating and accommodating new knowledge. 

Metacognitive strategy refers to a plan which is 

implemented in a flexible, goal oriented manner. The plan 

influences selection and implementation of subsequent 

procedures. 

Memory refers to the learner's awareness and knowledge 

of strategic behaviors and memory systems, and how to use 

them in different learning systems. 

Scaffolding refers to the internal and external support 

structures needed to develop conceptual frameworks necessary 

for comprehension. 

Schema refers to comprehension structures developed to 

delineate ideas that must be remembered or comprehended. 

Schema utilization permits the learner to make (a) 

predictions, (b) develop classification skills needed for 

identification of characteristics, patterns, relationships, 

and analogies, and (c) develop perspective. 
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Self-regulation refers to continuous adjustment and 

fine tuning of metacognitive strategies. Metacognitive 

performance is controlled through detection and correction 

of errors. 

Transfer refers to the ability of the learner to apply 

a trained strategy to dissimilar tasks, problems, or 

circumstances. 

Scope of the Study 

The study took place at an elementary school site in a 

Southwestern city with a population of approximately 700,000 

people. The school community varies from an average to low 

socioeconomic level. 

The school currently has a population of approximately 

819 students, and is designed as a Chapter 1 school. All 

subjects were fourth and fifth grade educationally 

disadvantaged students who had reading comprehension scores 

between the 15th and 40th percentile. 

The P. L. 874 funding supporting the services required 

that service first be provided to eligible Native American 

students. Approximately 41% of the experimental subjects 

receiving HOTS instruction were Native Americans. The non

Native American students included as subjects were randomly 

selected from remaining students at the site who qualified 

for the program, and were primarily Hispanic. 
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Three sections each of fourth and fifth grade 

experimental subjects were formed. These students received 

the first year of instruction in the HOTS Program. Each 

section received HOTS instruction for 35-40 minute time 

periods four times a week. The study was conducted from 

August 1993 to May 1994. 

control groups were used for some of the measures. The 

control subjects were Hispanic fourth and fifth grade 

Chapter 1 students receiving traditional Chapter 1 services, 

whose reading comprehension scores fell between the 15th and 

40th percentile. Control subjects would have qualified for 

placement in the HOTS Program had there been more program 

space available. 

Limitations 

1. The pre- and post-measures used for novel problem 

solving tasks were either developed by the researcher or 

assembled from workbooks specifically used to develop higher 

order thinking skills. These items were not obtained from 

other research studies and were not checked for reliability 

or validity. 

2. Since all students in the study were from a single 

school, the generalizability of the results are limited. 

3. It is impossible to completely segregate what part 

of the results were caused by HOTS as opposed to the effects 
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of developmental maturation, age, computers by themselves, 

regular classroom instruction, or by the HOTS teacher. 

4. Only one of the two years of HOTS activities were 

provided. As a result, this study may underestimate the 

full benefits of the approach. 

5. Control groups received less Chapter 1 services 

than the HOTS groups. At the same time the control students 

spent more time in the regular classroom learning content 

with a reduced class size. 

Outline of the Study 

Chapter 2 is a review of the literature. The 

literature review focuses on research related to the 

development of metacognition. 

Chapter 3 will document the justification for, and 

methods of data collection. Data collection methods were 

both quantitative and descriptive. 

Chapter 4 documents the data analysis. This chapter 

also discusses the significance of the findings. 

Chapter 5 focuses on discussing the findings as related 

to the use of the HOTS Program as a reform method to develop 

metacognition and promote transfer in educationally 

disadvantaged students participating in inclusive reform 

practices. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Introduction 

27 

Educational researchers and developmental psychologists 

have strived to create better methods to activate general 

thinking skills in students of all levels (Brown, Bransford, 

Ferrara, & Campione, 1983; Osman & Hannafin, 1992; Perkins, 

1992; Perkins & Salomon, 1989; Pogrow, 1990b; Reeve & Brown, 

1984; Resnick, 1989; Sternberg, 1988; Swanson, 1993). 

Investigators have specifically focused on better ways 

to activate thinking skills in educationally disadvantaged 

students. Research findings by Palincsar and Brown, (1986), 

Perkins (1992), Pogrow (1990a), Resnick (1989), and Swanson 

(1993) indicate that most students have the capability to 

develop and use higher order thinking skills successfully. 

Most educationally disadvantaged students do not 

develop higher order thinking automatically. Development of 

such skills appears to be highly dependent on instructional 

design (Palincsar & Brown, 1986; Perkins, 1992; Pogrow, 

1990a; Resnick, 1989; Swanson, 1993). A key element in 

improving thinking appears to be developing better 

metacognitive skills. 
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Metacognition Defined 

Metacognitive theory can be traced to the cognitive 

psychology work of Piaget (1977) and Bruner (1957). 

Although the specific term "metacognition" was not used by 

Piaget or Bruner, their work in cognition laid a foundation 

for its development. 

piaget (1977) described how learners observe 

relationships among means and task outcomes. Student 

internalization of means to reach a task outcome, in turn, 

allows students to apply these means to new tasks when 

trying to reach an outcome. When each application of the 

mean to a new task occurs, the student has assimilated and 

accommodated observations into existing knowledge (Piaget, 

1977) . 

Bruner (1957) proposed that the human mind is an 

inference machine. The learner uses existing knowledge to 

interpret and restructure new information. As a result, 

learners develop a repertoire of strategies from which 

appropriate methods may be selected for understanding 

learnings. As appropriate strategies are selected for new 

learning activities they are transferred to other contexts 

(Bruner, 1957). 

Flavell's (1979) research combined and expanded Piaget 

and Bruner's definitions of thought processes and called the 

result "metacognition". Flavell defined metacognition to be 
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the constant interaction of three components: (1) the 

person's knowledge, (2) strategy development, and (3) the 

learning activity. These interactions allowed learners to 

develop both metacognitive knowledge and metacognitive 

experience (Flavell, 1979). 

Flavell (1979) hypothesized that metacognitive 

knowledge and metacognitive experience involved new 

information being added and networked to an individual's 

existing knowledge base. Existing strategies are activated 

and used to reflect upon new information and permit the 

individual to monitor the cognitive process. strategies are 

stored in the existing knowledge base and are then activated 

and transferred to new learning activities when the student 

encounters new information (Flavell, 1979). 

Over time, more elaborated conceptions of metacognition 

emerged. Brown, Bransford, Ferrara, and campione (1983) 

further defined metacognition as an individual's awareness 

of his/her stored knowledge, and the individual's ability to 

understand, self-regulate, and manipulate specific cognitive 

processes (Brown et al., 1983; Reeve & Brown, 1984). 

sternberg (1988) incorporated metacognition into a 

triarchic theory of intelligence that views metacognition as 

one of three intelligence arches. The triarchic theory 

represents three types of intelligence: (1) metacomponents, 
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(2) performance components, and (3) knowledge acquisition 

components (Sternberg, 1988). 

In the metacomponents arch, Stenberg (1988) views 

metacognition to be executive processes, or higher order 

thinking skills, used to plan, monitor, and evaluate one's 

strategies for problem solving (sternberg, 1988). 

The arches constantly interact, like Flavell's three 

components. However, Sternberg (1988) likens the 

interactions to function as "stage directors" and "actors". 

The "stage directors" tell the performance component and 

knowledge acquisition component, or "actors", how to act 

(Sternberg, 1988). 

Throughout the metacognitive process, the "actors" 

provide feedback to the "director". In turn, the "director" 

may require changes in direction or actions. The important 

function of the metacomponential arch is determining which 

changes need to be made, and when and how changes should be 

implemented (Sternberg, 1988). 

As metacognitive research progressed, the definition of 

metacognition appeared to become more focused and elements 

of the metacognitive process ~ore delineated. Osman and 

Hannafin (1992) defined metacognition to be a cognitive 

process which has five components: (1) metamemory, (2) 

metacomprehension, (3) self-regulation, (4) schema, and (5) 

transfer. They concluded that all five components need to 
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be considered when designing instruction for metacognitive 

development. 

Perkins and Salomon (1989) defined metacognition in 

terms of how general knowledge is processed by an 

individual. The key knowledge processes are problem solving 

strategies; decision making abilities; innovative thinking; 

learning; and cognitive management skills. 

Perkins (1992) defines metacognition in Smart Schools 

as thinking about thinking. Included in this definition 

about how to acquire knowledge and understanding; to think 

and learn; to develop problem solving strategies; and 

various disciplines work. According to Perkins (1992), 

development of metacognition is directly dependent on 

knowledge of how individuals learn and organize ordinary 

subject matter according to four levels: (1) tacit, (2) 

awareness, (3) strategic, and (4) reflective. 

Although each researcher developed his/her own 

terminology for defining metacognition, there appears to be 

a number of key common components which are as follows: (1) 

knowledge, (2) comprehension, (3) self-regulation, (4) 

schema development, (5) strategy development, and (6) 

transfer. Each of these metacognitive components will be 

discussed in the following sections. 
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Metacognitive Components 

Knowledge 

Brown et ale (1983), Nickwerson (1986), Salomon and 

Perkins (1989), and Sternberg (1988) view knowledge as the 

state or fact of knowing. It is the sum of familiarity, 

awareness, or understanding perceived, discovered, or 

inferred through experience or study. Knowledge is an 

essential component of effective reasoning, as well as the 

information needed to arrive at solutions for every day 

problems. 

Brown (1975), Flavell and Wellman (1977), Salomon and 

Perkins (1989) concluded that knowledge is a key cognitive 

component. It is the learner's awareness and knowledge of 

strategic behaviors and memory systems (Brown, 1975; Flavell 

& Wellman, 1977). Successful metacognitive development 

enables learners to become aware of knowledge and strategies 

required for the performance of tasks, and permits learners 

to use specific knowledge effectively when engaged in a 

given learning activity (Brown, campione, & Day, 1981; 

Palincsar & Brown, 1986; Perkins, 1992). 

Knowledge structures and structures of knowledge play a 

key roll in metacognition (Entwistle, Entwistle, & Tait, 

1993). Appropriately developed knowledge structures are 

essential in development of broad conceptual understanding, 

and depend on breadth and depth of understanding during the 
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learning and reasoning process. Entwistle, Entwistle, and 

Tait (1993) also determined that the source and nature of 

knowledge structures are variable depending on the 

individual's experiences, and are directly related to what 

is meaningful to the student. 

Nickerson (1986) identified three types of knowledge 

structures useful for reasoning and arriving at every day 

solutions: (1) knowledge of the topic, (2) knowledge of 

methods and procedures useful for arriving at a solution, 

and (3) knowledge about one's self as a reasoner (Nickerson, 

1986). 

Nickerson (1993) concluded that memory based knowledge 

is not created in a vacuum, but is a cumulative effort of 

the culture, and builds on what has been passed down by 

previous generations. New ideas in knowledge tend not to be 

absolutely new, but rather a restructuring and 

transformation of existing knowledge. 

Nickerson (1993) further identified two conditions 

necessary for knowledge to be committed to memory: (1) 

knowledge must be information that will be frequently used 

and (2) frequency of need and access from places other than 

memory must be inconvenient. Nickerson (1993) concluded 

students will put greater effort into remembering knowledge 

if it is used frequently and is more difficult to obtain 

from sources other than their memory base. stored knowledge 
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is then remembered for future use as it pertains to specific 

content as frames, scripts (Schrank & Abelson, 1977), and 

schemata (Anderson, 1977; Rumelhart, 1975). 

Brown, Campione, and Day (1981) and Palincsar and Brown 

(1986) found it is crucial for the student to trigger prior 

knowledge in order to achieve successful performance 

(Bransford et al., 1990) found when students are aware of 

specific ways to use knowledge, understanding occurs which 

permits students to develop efficient strategies for problem 

solving (Bransford et al., 1990). While the construction of 

knowledge is an important goal, the highest educational goal 

hoped to be achieved through education is "to know how we 

know" (Knuth & Cunningham, 1993). Triggering such 

knowledge, however, requires that students view knowledge as 

a "tool". 

Knuth and Cunningham (1993) found that if students 

simply acquire information, rather than use information as 

"tools" for problem solving, new knowledge is not relevant 

or useful. They further concluded traditional ways of 

teaching makes new knowledge inert. While students are able 

to complete the questions at the end of a science or social 

studies chapter, they are unable to apply the knowledge to 

real world situations (Knuth & Cunningham, 1993). 

Parr, Carey, and Tone (1986), Knott (1986), McDonell 

(1986), and McNeil's (1986) research concluded prior 
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knowledge plays a major role in comprehension. Langer and 

Nicolich (1981) found that possessing prior knowledge 

facilitates understanding of the topic. Langer and Nicolich 

(1981) and Knott (1986) further determined that the level of 

prior knowledge of a topic was greatly related to student's 

ability to recall and comprehend information from a passage 

(Knott, 1986; Langer & Nicolich, 1981). 

Beck and McKeown (1986), Brown, Baker, and Day (1986), 

and Palincsar and Brown (1984) determined information from 

the text is perceived by the student and is acted upon by 

the student's knowledge. Previous knowledge about letter

sound correspondence, spelling patterns, word meaning, 

syntactic and semantic language patterns, and prior 

knowledge of content integrate to construct meaning from the 

text. 

Brown (1986) found that reading comprehension involves 

extensive use of prior knowledge and word knowledge. 

variations of prior topic knowledge will affect how much 

meaning the learner will construct from the text (Brown, 

1986). Research conducted by stanovich and cunningham 

(1991), Farr, Carey, and Tone (1986), Knott (1986), McDonell 

(1986), McNeil (1986), and Languer and Nicolich (1981) 

upholds Brown's work and found that inferences and meaning 

constructed during the reading 
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process are strongly dependent upon various kinds of prior 

knowledge. 

Nickerson (1986), Perkins and Salomon (1989) determined 

self-knowledge to be most closely related to metacognition. 

It is knowledge about general reasoning and recognition of 

one's own strengths and weaknesses. When teaching students 

to reason, students should learn to develop perspectives in 

terms of how to view their reasoning performance, which will 

allow them to view their strengths and weaknesses 

realistically (Nickerson, 1986; Perkins & Salomon, 1989). 

Doyle (1983) and Linn (1986) concluded that when 

students are able to know and identify the strengths and 

weaknesses of their knowledge. Students are then able to 

organize knowledge on their own. The difference between 

high ability and low ability students is that high ability 

students impose their own organization on knowledge, and low 

ability students benefit from knowledge presented in an 

organized manner (Doyle, 1983; Linn, 1986). 

There are also a series of issues that determine 

whether individuals bring prior knowledge to bear. Hegarty 

(1991) posits that individual developmental and learning 

conditions determine when particular knowledge 

representations are applicable to solving problems. The 

organization of formal knowledge will differ between expert 

and novice problem solvers. Expert problem solvers organize 
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knowledge differently from novice problem solvers. When 

knowledge is organized differently, approaches used to 

search for information to solve the problem are different. 

Novices evoke theoretical or intuitive knowledge of 

mechanics depending on surface features of the problem, and 

work backward from the goal to look for information to 

derive information the problem is asking about. Expert 

problem solvers integrate formal and everyday knowledge, and 

work forward from the givens of a problem to derive 

information from the problem statement (Hegarty, 1991). 

Consequently, able learners will process information 

efficiently and effectively, while less able learners will 

not (Hannafin, 1984). 

In addition, Artz and Armour-Thomas (1992) concluded 

individual person variables also play a role in determining 

how and when prior knowledge is activated. These variables 

include feelings of knowing, self-esteem, views that 

learning is externally controlled, belief of lack of ability 

to make sense of information, and perception of ability to 

comprehend material (Artzt & Armour-Thomas, 1992). 

Comprehension 

Farr, Carey, and Tone (1986) refer to comprehension as 

an interactive process of conscious understanding. Farr et 

al.'s (1986) analysis of research conducted by Brown, 

Armbruster, and Baker (1986), concludes that "comprehension 
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is an active process in which the reader constructs meaning 

from text cues, calling upon knowledge of language, text 

structure and conventions, content concepts, and 

communication" (pp. 49-75). Farr et al. (1986) further 

emphasizes that inferencing is central to comprehension. 

Knott (1986) found comprehension to be comprised of 

perceptual, cognitive, linguistic, and social processes. 

Major areas of knowledge which contribute to the interactive 

comprehension process are concept formation, background 

knowledge, and text structure. 

Metacognition cannot take place in the absence of 

comprehension. McNeil (1986) identified three interrelated 

megatcognitive processes related to comprehension: (1) self

knowledge--the ability to recognize one's strengths and 

weaknesses in comprehension, (2) task-knowledge--knowing the 

importance of matching an appropriate reading strategy with 

an appropriate reading comprehension task, and (3) self

monitoring--awareness of when one does not understand the 

text, and knowing what to do when comprehension is lacking. 

According to McNeil (1987), three metacognitive goals are 

needed for effective reading comprehension to take place: 

The reader has background knowledge of the 

concepts treated in the passage (relevant schemata 

and their activation), ability to spontaneously 

generate inferences and predictions based upon 



implicit information in the text, and ability to 

elaborate on important aspects of the text rather 

than ideas of lesser consequence (p. 91). 

Metacognitive skills allow students to monitor 
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comprehension by being able to recognize when they do not 

understand, and when strategies need repair (Beck & McKeown, 

1986; Brown, 1986; Palincsar & Brown, 1984). Baker (1985) 

and Baker and Brown (1984) suggest that learners monitor 

understanding needed and learn to apply repair strategies 

against three standards: lexical, syntactic, and semantic. A 

lexical repair is the evaluation of individual words without 

regard to surrounding context. The learner has to determine 

if they recognize a word out of context. If the learner 

does not recognize the word, they try to implement a 

strategy which would permit comprehension (Baker, 1985; 

Baker & Brown, 1984). 

Syntactic repair requires learners to recognize their 

own violations of established conventions in communication, 

and language rule usage. The learner recognizes what does 

not make sense, or what it is they do not comprehend, and 

actively try to implement a repair strategy which will 

permit comprehension of the material (Baker, 1984; Baker & 

Brown, 1984). 
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semantic repair involves recognizing main ideas that do 

not integrate into the whole of the lesson theme. Once 

incongruous ideas are identified, the learner either has to 

develop a repair strategy which permits integration of the 

idea into the lesson, or eliminate the idea as superfluous 

information (Baker, 1985; Baker & Brown, 1984). 

McDonell (1986) found poor comprehenders do not always 

activate prior knowledge to assist them in comprehending 

what they read, or sometimes they activate an incorrect 

schema which will cause comprehension problems. 

comprehension misconceptions can be avoided when appropriate 

schemata needed to aid comprehension are developed and 

activated. 

McDonell (1986) and Pogrow (1990) further concluded 

that low achieving students do not understand what is 

expected of them, and they do not recognize that they do not 

comprehend. The student does not understand that the purpose 

of reading is to comprehend a printed message. 

Pogrow (1990) also concluded from his work with 

students participating in the HOTS Program 

that the key learning problem faced by students 

who are at-risk is that they do not understand 

'understanding' and 'do not know' what it means to 

understand something that involves the use of text 

or number symbols (p. 24). 
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McDonell's (1986) and Pogrow's (1990) work with low 

readers found that poor comprehenders have problems making 

predictions. This results from an inability to draw from 

their own experience when comprehending textual relations. 

They are unable to answer questions that are not explicitly 

answered in the text. 

Knott's (1986) work with readers determined that during 

the comprehension process students need to be able to 

access, structure, and organize new concepts in relation to 

background knowledge and text. Information can then be 

categorized, labeled, and used to solve problems. As levels 

of conceptualization advance, integration of cognitive and 

linguistic abilities enables students to verbalize concepts 

which affect comprehension. 

Flavell (1981), Baker (1985), and Reeve and Brown 

(1984) identified two skills necessary for the learner to 

develop when learning to comprehend: (1) recognize a lack of 

comprehension and (2) implement a repair strategy. 

Implementation of the two skills is complementary, and the 

use of only one skill will not ensure comprehension. Good 

comprehenders are often "mindful" and readily detect 

comprehension problems and apply repair strategies. 

Knott (1986) analyzed research conducted by Goetz and 

Armbruster (1980) and concluded characteristics of text 

structure also affects comprehension. Knott's analysis of 
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research found (1) connected discourse facilitates greater 

comprehension than unrelated sentences or lists of isolated 

words, (2) greater comprehension takes place if texts are 

aligned with the reader's knowledge and expectations, (3) 

readers are able to identify specific information important 

to remember, and (4) greater comprehension takes place if 

the reader constructs and internal representation of the 

information through interactions between context in which 

the text occurs and the text itself (Knott, 1986). 

Harris and sipay (1984) and Palincsar and Brown (1989) 

determined that as learners develop knowledge about 

cognition, they are able to reflect on their own cognitive 

operations. Harris and Sipay (1984) further concluded 

learners follow a general format when using metacognitive 

skills for purposeful reading comprehension. The learner 

identifies explicit and implicit task demands; determines 

the purpose for reading the material and sets a goal of how 

to assess text information; activates prior knowledge; uses 

the organization of the text and purpose for reading to 

separate important information from less important 

intormation; organizes information and interrelates ideas; 

and assesses how well the goal has been met and determines 

if further action is needed to aid the comprehension process 

(Harris & Sipay, 1984). 
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Low achieving readers who have not been exposed to 

written forms of stories need direct instruction in 

narrative and expository text structure (McDonell, 1986; 

Palincsar & Brown, 1983). "Some researchers have concluded 

that comprehension monitoring can be strengthened through 

explicit instruction and practice arid that the effects of 

such instruction are large, durable, and transferrable and 

result in improved reading comprehension" (Harris & Sipay, 

1984, p. 524). 

Palincsar and Brown (1986) found by using direct 

teaching methods in which students are asked questions, 

taught strategies for solving problems, use backward and 

forward context clues, and learn to self-monitor, the 

student gradually learns to develop behaviors needed for 

meaningful comprehension of text (Palincsar & Brown, 1986). 

Students are able to use the instruction to develop internal 

schema outlines which can be used for retelling and 

understanding. 

McDonell (1986) and Pogrow (1990) suggest requiring 

students to make inferences and justify answers when reading 

to help students understand and recognize answers when 

questions are not always explicitly stated. Students are 

then able to draw on their own experiences to help them make 

predictions, arrive at conclusions, and identify 

relationships. When expository text is being used, students 
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practice summarizing information by deleting information 

until the most important information remains. 

Schema 

Oivesta (1989) defined schema to be comprehension 

structures which are developed in the learner's mind. The 

structures delineate ideas that must be remembered or 

comprehended. Schemata are interrelated networks holding 

information related to particular concepts, and incorporate 

an information framework of meaning which corresponds to a 

given concept stored in memory (Rumelhart, 1981). Schema 

theory developed by Rumelhart (1981) focuses on how 

knowledge is represented in the individual's memory, and how 

the representation facilitates the use of knowledge. 

Rumelhart (1981), Perkins (1992), and Sternberg (1988) 

maintain that all knowledge is stored in individual data 

structures called schemata. Schemata, which are many schema 

networked together, make up "the building blocks" of 

cognition because they are the components on which 

information processing depends. 

Schemata are restructured as new knowledge is 

accommodated and assimilated (Osman & Hannafin, 1992; 

Rumelhart, 1981). When schemata interact incoming data can 

be actively evaluated and integrated and overlapped with 

already available data in the schemata. Schemata 

interactions permit identification and association of 
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underlying concepts with appropriate elements of the 

environment. As new knowledge is acquired, schema knowledge 

is constantly added to and reorganized enabling learners to 

develop different perspectives regarding information and 

problem solving situations. 

Schemata play an active role in guiding the flow of 

mental processes (Perkins, 1992; Rumelhart, 1981; Sternberg, 

1988). Metacognitive processes actively engage schemata by 

retrieving information from memory, organizing actions, 

determining goals, and allocating resources. 

Morris and Bransford (1982) maintained prior knowledge 

must be integrated into schema for students to be able to 

draw inferences. They concluded that some integration occurs 

during initial encoding. This study also established that 

successful learners process schema directly from less 

successful learners (Phye, 1992). 

In order for schema development to take place, the 

learner must internalize knowledge through a series of 

transformations. Vygotsky (1978) identified three steps in 

the transformation process. First, the content to be learned 

is accommodated and reconstructed internally through an 

interpersonal process which consists of social interaction 

between the student and the teacher. 

Second, the intrapersonal process of reconstruction 

takes place. New learnings begin to be assimilated as new 
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knowledge, and learners begin to understand and connect new 

knowledge to prior knowledge. 

Third, after the learner has connected, understood, 

practiced, and reflected on new learnings, the knowledge 

becomes internalized (Vygotsky, 1978). Students are able to 

use the instruction to develop internal schema outlines 

which can be used for retelling and understanding (Palincsar 

& Brown, 1986). 

Self-Regulation 

Self-regulation refers to the learner's ability to 

consciously detect and correct errors in order to adjust and 

fine-tune metacognitive strategies. 

Self-regulated learners take responsibility for their 

learning by managing, monitoring, and evaluating their 

learning tasks. Learners are able to judge the importance of 

text ideas, condense knowledge, and organize knowledge 

(Palincsar & Brown, 1989). They have knowledge of how to use 

strategies to problem solve; metacognitive knowledge; and 

real world knowledge (Brown, Campione, & Day, 1981; 

Palincsar & Brown, 1989; Pressley, Borkowski, & Schneider, 

1987) . 

According to Piaget (1976), there are three types of 

self-regulation: (1) autonomous, (2) active, and (3) 

conscious. Autonomous is continuous inherent regulation with 

which learners consciously monitor and self-correct as 
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needed. Active regulation allows the learner to engage in 

trial and error techniques (Piaget, 1976). Conscious 

regulation requires learners to develop hypotheses which can 

be confirmed or disconfirmed making error detection and 

theory modification central when performing self-regulatory 

functions (palincsar & Brown, 1986; Perkins, 1992; Pogrow, 

1990; Reeve & Brown, 1984). 

Error detection and correction are central to self

regulation. Successful learning requires the achievement of 

a complimentary relationship between external and internal 

regulation which facilitates maximum development of the 

learner's self-regulatory comprehension strategies (osman & 

Hannafin, 1992; Palincsar & Brown, 1989; Perkins, 1992; 

Sternberg, 1988). 

When presenting new material to learners who are 

learning to self-regulate, two conditions need to be 

considered. First, the new content being presented should be 

developmentally appropriate. Second, two developmental 

levels should be established: (1) actual development level 

and (2) the zone of proximal development. The zone of 

proximal development represents prospective mental 

development (Vygotsky, 1978). 

Instructional approaches for developing self-regulation 

need to focus on the following behaviors: 



1. clarifying the purposes of reading to 

determine the appropriate approach to 

the reading activity (e.g., skimming, 

studying) ; 

2. activating background knowledge to 

create links between what is known and 

the new information presented in the 

text; 

3. allocating attention so that the major 

content, not trivia, becomes the focus; 

4. evaluating content critically for 

internal consistency and compatibility 

with prior knowledge and common sense; 

5. using monitoring activities (e.g., 

paraphrasing, self-questioning) to 

determine if comprehension is occurring; 

6. drawing various kinds of inferences 

(e.g., interpretations, predictions) and 

testing them (Brown, Palincsar & 

Armbruster, 1984, p. 20; Palincsar & 

Brown, 1989, p. 20). 
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A number of teaching approaches have been developed to 

promote self-regulation. These include Reciprocal Teaching; 

Informed strategies for Learning (ISL); and Responsive 
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Elaboration (Duffy et al., 1987; Palincsar & Brown, 1989; 

paris, Cross, & Lipson, 1984). 

strategy Development 

strategic behavior is a flexible selection process 

whereby the student selects procedures needed to solve a 

problem. A specific plan is developed to obtain a goal, 

instead of using time consulting trial and error or guessing 

procedures. strategies are formulated to direct specific 

problem situations (Bisanz & LeFevre, 19909; Palincsar & 

Brown, 1987; Perkins, 1992; stern, 1992; Sternberg, 1988). 

Borkowski (1985) and Pressley, Borkowski, and 

O'Sullivan (1984) hypothesize that the learner's 

metacognitive information about strategies plays a critical 

role in future selection and use of strategies. 

Development of a strategy (sternberg, 1988) is a highly 

interactive metacognitive process. Metacomponents select 

steps needed to solve the problem, and strategies for 

ordering the components of the problem solving process. 

Metacomponents select mental representations for 

information, and allocate mental resources needed to monitor 

the solution (Sternberg, 1988). Once a strategy is 

developed, it becomes part of the learner's memory (Brown, 

1975; Flavell & Wellman, 1977; Osman & Hannafin, 1992). 

continued exposure and use of a strategy allows the 

strategy to be encoded and internalized as part of the 



50 

individual's memory (Smith & Carlson, 1990). After the 

strategy is internalized, the learner understands its use 

regarding new material and the strategy becomes a perception 

of how to problem solve. Learners constantly activate, or 

call up, previously formulated strategies when problem 

solving, causing the strategies to become reactivated 

perceptions of how to problem solve (Smith & Carlson, 1990). 

Monitoring is critical during strategy development, and 

provides information about whether a strategy is working, if 

material is comprehended, and if information is being 

remembered. Monitoring also generates information regarding 

which strategy to select for future problem.solving 

activities. For example, strategy X works better for a given 

situation than strategy Y (Ghatala, 1986). Strategies can be 

reconstructued, combined, or modified. This process allows 

learners to constantly build and add to a repertoire of 

strategies in their schema (Smith & Carlsson, 1990). 

Salk (1972) posits that the process of reactivating 

strategies for reuse is analogous to the functioning of the 

human immunological system. During the learning process, 

cognitive processes are activated which instruct the learner 

to select certain information for use. In the case of 

problem solving, a specific strategy is selected, as opposed 

to just any strategy or information stored in the learner's 

memory. In the theory of antibody instruction, antibody-
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forming cells react to antigens selectively and in a 

discriminating manner, as opposed to just any antibody

forming cell reacting to form an antigen to any antibody. 

Just as the body can continually calIon specific antibodies 

as needed, the student can selectively call up specific 

strategies depending on the situation (Salk, 1972). 

Pressley, Levin, and Ghatala (1984) found that mature 

learners and older grade school children fail to accurately 

monitor strategy effectiveness without strategy usage 

information during training. When children are deficient in 

knowledge about a strategy they are unable to maintain and 

apply the strategy later (Cavanaugh & Borkowski, 1979). 

Learners who are trained in a strategy and made aware 

of its value by being taught how and when to use the 

strategy are more likely to continue using the strategy 

after training. The strategy has established a causal link 

between the learner's memory, strategy usage, and strategy 

maintenance (Borkowski, Levers, & Gruenenfelder, 1976; 

Lodico & Ghatala, 1978; Paris, Newman, & McVey, 1982). 

Transfer 

According to Salomon and Perkins (1989) transfer is the 

application of learned strategies to dissimilar learning 

tasks and contexts. Transfer is critical because it enables 

new knowledge to be applied more broadly. When students are 
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able to transfer knowledge to new contexts they expand and 

inform their thinking (Perkins & Salomon, 1988). 

Transfer is a strategic and mindful mental process 

controlled by the problem solver (Phye, 1992). Transfer can 

be identified by observing side effects of learning in a 

different context (Salomon & Perkins, 1989). Without 

transfer, students do not apply knowledge learned in school 

to new settings and problems. They can only remember to 

apply knowledge and strategies to the specific problem or 

situation in which they were originally learned (Paul, 

1987) . 

Salomon and Perkins (1989) have identified two kinds of 

transfer: (1) low road transfer, or near transfer and (2) 

high road transfer, or far transfer (Salomon & Perkins, 

1989). Near transfer is applying learned strategies to 

problem solving situations similar to the original context 

in which the strategy was learned (Osman & Hannafin, 1992), 

or context that differs in only slight detail (Perkins & 

Salomon, 1989). 

Salomon and Perkins (1989) identified the key aspect of 

low road transfer to be varied practice, and practice to 

automaticity. Low road transfer is spontaneous and occurs to 

the extent that the new task calls on learned procedures. 

Processing is fast and effortless as the learner 

automatically applies learned behavior to similar contexts. 



53 

In this case, performance in one context is triggered in 

another context resembling the first. Examples of low road 

transfer, or near transfer, would be transferring the skill 

of using a typewriter to that of a computer keyboard, or the 

skill of driving a car to driving a truck. Both cases 

represent short steps to the new context. Therefore, low 

road transfer, or near transfer, is directly related to 

perceptual similarities between the first learning situation 

and the second learning situation (Perkins, 1987; Salomon & 

Perkins, 1989). 

Far transfer (Osman & Hannafin, 1992), or high road 

transfer (Salomon & Perkins, 1989), is when learned 

strategies are applied to dissimilar learning tasks or 

problem solving situations. Salomon and Perkins (1989) 

identified mindful abstraction as the key aspect of high 

road transfer. 

Mindful abstraction is a consciously controlled process 

whereby the learner decodes a general representation that is 

less specific than the representation it is being compared 

to. The abstraction process is deliberately guided as 

information is decontextualized and purposefully bridged, or 

linked, from one context to another to develop a contextual 

relationship (Salomon & Perkins, 1989). The abstraction is 

an explicit conscious formulation in a situation which 

allows the learner to make a connection between dissimilar 
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content (Perkins, 1992; Salomon & Perkins, 1989). The 

transfer ultimately requires the use of higher order 

thinking skills directly dependent on intentional mindful 

abstraction of the strategy or knowledge enabling transfer 

from one context to another (Salomon & Perkins, 1989). 

High road or far transfer, is greatly dependent on the 

activation of relevant schema when the learner is required 

to retrieve abstract information while working in a new 

context. In order to engage in far transfer an individual 

must possess related schema information, or a model which 

can be related to general rules. For example, a student may 

retrieve a calculus operation in order to solve problems in 

a physics class (Salomon & Perkins, 1989). 

Far transfer can extend in two different directions: 

(1) forward reaching or (2) backward reaching. In forward 

reaching transfer, the learner is required to mindfully 

abstract basic elements when learning which can be used for 

future applications (Salomon & Perkins, 1989). 

In backward reaching transfer, abstraction does not 

occur during original learning, but later as the new task is 

addressed. The student formulates an abstraction by reaching 

back to past experiences for relevant connections. As the 

student faces a new situation, he/she has to actively search 

for relevant knowledge already acquired (Salomon & Perkins, 

1989) . 



Salomon and Perkins (1989) presuppose that: 

If transfer via the high road requires the 

reformulation of learned materials in a symbol 

system affording abstraction, then verbal learning 

should yield more transfer than learning in a 

symbol system that requires further translation 

into an abstraction-affording system. For 

instance, it follows from Olson and Bialystock 

(1983) that perceptual experience accompanied by a 

verbal narration should--if mindfully processed-

facilitate transfer more than if accompanied by, 

say, pictorials, although the latter might be 

better for immediate mastery of the material 

(pp. 113-132). 
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There are a number of methodological issues in 

measuring transfer. First, transfer can be better observed 

in studies which produce increased academic gains. Second, 

is distinguishing different kinds of transfer (Butterfield & 

Nelson, 1991). In addition, the amount of transfer must be 

distinguished from the distance of the transfer. The amount 

of transfer is determined by measuring the gains on task "B" 

which resulted from learning "A". Distance is a measure of 

the dissimilarity in tasks. How different is task "A" from 

task "B"? (Salomon & Perkins, 1989). 
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stein, Bransford, Franks, Owings, Vey, and McGraw 

(1982) conducted a second study. stein et al., hypothesized 

that 

(a) less successful students lack content 

knowledge to effectively elaborate information and 

(b) less successful students have the ability to 

effectively elaborate, but fail to do so 

spontaneously (Phye, 1992, p. 406). 

Findings "suggested that less successful fifth graders have 

the conceptual knowledge to precisely elaborate sentences; 

however, they fail to do so unless they receive extensive 

training" (Phye, 1992, pp. 406-407). After receiving 

extensive training, the less successful fifth graders were 

able to perform at the level of successful fifth graders. 

Additional research by stein et ale (1982) concluded that 

after extensive strategy elaboration training, the less 

successful fifth graders were able to evaluate relationships 

and make difficult decisions during learning tasks at the 

same level as the successful fifth graders. Thus, for 

transfer appropriate processing to take place, instructional 

techniques need to focus on new ways to construct problem 

solving environments (Phye, 1992). 

Implications for Instructional Design 

Although metacognitive development is essential to 

learning, most instructional design does not emphasize the 
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development metacognitive strategies, such as planning, 

monitoring, revising, or self-monitoring, such as why and 

when to use learning strategies (Osman & Hannifin, 1992). 

However, given the importance of metacognition, a number of 

theorists have developed recommendations on how instruction 

can/should be designed. Metacognitive transfer does not 

occur spontaneously but requires presenting the learner with 

calculated challenges (Perkins, 1992). 

Students who have limited metacognitive abilities 

engage in relatively little strategy development, reflective 

thinking, or monitoring (Perkins, 1992; sternberg, 1988). 

Phye (1992) suggests two types of instructional activities 

to produce transfer: (1) on-line transfer and (2) memory 

based. On-line transfer is when students are provided with 

opportunities to practice problem solving procedures and 

strategies. A basis for transfer is provided within the 

learning situation, and is said to be on-line because the 

problem solving context is provided (Phye, 1992). 

Memory based instructional strategies is when students 

are given problems after the initial instruction (i.e., one 

or two weeks later). The students are given no practice 

sessions or reminders of previous instruction and rules. In 

this situation the student must construct the problem 

solving context by drawing on prior knowledge. Construction 

of the problem solving context is strategic because both 
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declarative and procedural knowledge must be accessed by the 

problem solver to demonstrate transfer. Declarative 

knowledge represents the memory of facts, vocabulary, and 

concepts. Procedural knowledge represents knowledge with an 

organized structure such as algorithms, rules, and grammar 

which is self-regulated through transfer (Phye, 1992). 

In order to promote transfer, curriculum should be 

replete with key ideas which continue to recur in various 

guises. Questions incorporated into the curriculum need to 

be both explicit and implicit, to insure moment-to-moment 

connection of knowledge (Perkins, 1992). Explicit and 

implicit instructional design questions recurring in various 

guises permit the overlap of design categories. Design 

questions used with overlapping categories should be 

somewhat simple with respect to meaning in order to 

facilitate maximum transfer. Extended discussions of meaning 

reading borderline cases should be discouraged because they 

distract the learner from completing full transfer (Perkins, 

1992) . 

Comprehension strategies should be imbedded in lessons. 

Learners must be given opportunities to learn and practide 

similar strategies in additional lessons. The emphasis of 

the lesson design should be on student initiated strategy 

selection and support. The goal of the lessons should be to 

transfer executive control of embedded design strategies to 
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consciously self-regulated strategies of the learner (Osman 

& Hannafin, 1992; Palincsar & Brown, 1986; perkins, 1992; 

Pogrow, 1990). 

In order to maximize the probability of transfer, 

Bransford et al. (1987) recommended that instruction should 

(a) develop both higher order and lower order skills, (b) 

students must be shown how thinking principals are applied 

across domains, with use of common principles and rules of 

thinking modeled for the students in a variety of 

disciplines and contexts, (c) thinking rules and principles 

should be presented and used in both academic and practical 

contexts with modeling of how rules and principles apply to 

everyday lives, and (d) programs should incorporate a 

variety of media throughout the instructional process. The 

greater the variety of instructional media the greater the 

possibility students will internalize what they are taught 

(Bransford et al., 1987). 

Transfer in which large instructional gains are 

observed generally present students with problem activities 

where two pieces of information need to be considered and 

simultaneously. These problems consist of two types: (1) 

conflict problems and (2) simple problems. Conflict problems 

require integration of information from each of the 

problem's relevant dimensions. Simple problems require 

information from two dimensions to be considered separately. 



Problem specific instructions are designed to include 

processing which produces increased instructional gains 

(Butterfield & Nelson, 1991). 

Can Metacognition Be Developed? 
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Does instruction specifically designed to enhance 

metacognition have effect, and if so what are the effects? 

Many of the studies involve the use of students with high or 

average ability. 

Clements and Gullo (1984) investigated the effects of 

learning computer programming on young student's with 

cognitive style, metacognitive ability, cognitive 

development, and ability to describe directions. Average 

ability students participated in two treatments: (1) 

computer programming and (2) computer assisted instruction 

(CAl). Results showed that the programming group, which had 

been taught specific strategies for debugging programs, 

significantly outscored the CAl group in pre- to post-test 

differences (Clements & Gullo, 1984). 

Research conducted by Ghalata, Levin, Pressley, and 

Lodico (1985) found that children who had received strategy 

training and/or strategy monitoring showed improved strategy 

maintenance and task performance. strategy maintenance and 

usage of an effective strategy was greater if the children 

had received both strategy training and strategy monitoring. 
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Weed, Ryan, and Day (1990) studied how to increase the 

strategy use and recall of fourth grade learners. Weed et 

al. highlighted general metacognitive principles before 

teaching a strategy. students were then provided practice in 

the use of the strategy, and provided specific opportunities 

to monitor their performance. Research indicated that after 

strategy use became more automatic, students were able to 

recall the strategy faster and appreciate its value in 

relation to individual tasks. 

Adey and Shayer (1993) studied the effects of science 

lessons focused on cognitive conflict, metacognition, and 

bridging context to schemata. The researchers found that the 

intervention enhanced development of underlying general 

cognitive structure which permitted improves academic 

achievement in all academic subjects. Adey and Shayer's 

(1993) research also indicated that the intervention on two 

intellectual structures led to improved performance in its 

own domain. 

Effects of Metacognitive Training on 

Educationally Disadvantaged Students 

Palincsar and Brown (1987) investigated how instruction 

in reciprocal teaching affected the achievement of reading 

comprehension scores in low students. After receiving 

instruction in reciprocal teaching strategies for 20 days 

the students were able to engage in dialogue regarding main 
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ideas more independently; achieve a criterion performance 

accuracy of 70% on reading comprehension measures four out 

of five days; transfer skills learned from reciprocal 

teaching to similar activities; and independently apply 

newly acquired skills to social studies and science. These 

effects caused academic achievement in these subjects to 

increase from the 20th percentile and below to the 50th 

percentile and higher. 

Pogrow (1990, 1993, 1994) investigated the effects of 

metacognitive instruction in the Higher Order Thinking 

Skills (HOTS) Program on Chapter 1, and learning-disabled 

(LD) students with a verbal IQ of 80+. Pogrow concluded that 

Chapter 1 students and LD students in fourth grade through 

eighth grade had different learning problems than those in K 

through third grade. In grades K through three the problem 

appears to be a knowledge deficit, whereas in fourth grade 

through eighth grade, content knowledge is not the problem, 

but rather students are unable to construct understandings 

due to deficits in metacognitive skills. 

Pogrow concluded that after students had received HOTS 

instruction they had a sense of understanding and were able 

to learn regular classroom material the first time it was 

taught and students' academic achievement improved, and 10 

to 15% of the HOTS students made the honor roll (Pogrow, 

1990, 1993, 1994). 
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Montague, Box, and Doucette (1991) investigated 

affective, cognitive, and metacognitive attributes of eighth 

grade students on math problem solving. Low, average, and 

high-achieving students responded to a structured interview. 

The interview results of high and average students were 

compared to results of LD students. Results indicated that 

LD students' responses were poor on interview items related 

to problem solving strategies. Montague, Bos, and Doucette 

(1991) suggest LD students be provided with cognitively 

based mathematical problem solving instructions. 

Montague (1992) investigated the effects of cognitive 

and metacognitive strategy instruction on the mathematical 

problem solving ability of learning disabled middle school 

students. Montague's research found that generally student's 

problem solving performance improved on one, two, and three 

step word problems. 

Swanson (1990) studied the influence of metacognition 

and aptitude on problem solving measures. Swanson's results 

support the belief that aptitude and metacognition operate 

independently. The research found that groups with higher 

metacognitive ability performed better than groups with low 

metacognitive abilities regardless of aptitude (Swanson, 

1990) . 

Swanson (1992) investigated the degree to which 

computer mediation of text influenced learning disabled 
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student's reading comprehension. The study further 

investigated the effects of the treatment on metacognition, 

attribution, and working memory. Computer mediated 

instruction occurred once a week for three weeks. The 

research found no differences in the reading comprehension 

of computer mediated learning disabled students, and 

students who read reading passages printed on paper. 

Cardelle-Elawar (1992) investigated the effects of 

metacognitive instruction in mathematics on low ability 

sixth grade students who had received metacognitive 

training. Findings indicated that low ability mathematics 

students progressed as problem solvers in (a) understanding 

how to approach a problem, (b) identifying the appropriate 

schema for information organization, (c) recognizing there 

may be more than one correct way to solve a problem, and (d) 

verifying the solution. 

Summary 

Research summaries indicate that it is possible to 

develop metacognitive skills in students with varying 

abilities. Students who were not LD or low performing 

appeared to develop and maintain skills more readily than 

lower students, regardless of the duration of the study, 

provided they had received appropriate instruction and 

opportunities to practice the skill. Low performing and LD 
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students needed more training and practice in use of the 

metacognitive skill. 

Duration of the study and number and type of training 

and practice sessions appears to be a key factor as to 

whether low performing and LD students will maintain 

metacognitive skills. Studies in which low performing and LD 

students received highly structured instruction in the 

skills, and use of the skills, appeared to be more 

successful in facilitating maintenance and application of 

metacognitive skills in other contexts. Although LD students 

were able to develop and maintain metacognitive skills, they 

appeared to be the groups that had the most problems 

applying metacognitive skills to other contexts. 



CHAPTER 3 

METHODS OF DATA COLLECTION 

Subjects 
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The students in this study attend a designated Chapter 

1 elementary school with an enrollment of 819 students. The 

school is located in an average to low socioeconomic area in 

a Southwestern city with a population of approximately 

700,000 people. Approximately 77% of the subjects are 

enrolled in the federal free/reduced lunch program. 

The treatment subjects were fourth and fifth grade 

educationally disadvantaged Native American (41%) and non

Native American (59%) students. The non-Native American HOTS 

students in the treatment group were 93.5% Hispanic and 6.5% 

Anglo (see Table 1 for gender and ethnic breakdown). 

It was not possible to select the experimental students 

completely by random selection. The P. L. 874 (Impact aid) 

funding supporting the HOTS services required that service 

first be provided to eligible Native American students. Non

Native American students receiving HOTS services were 

randomly selected from the remaining students at the sit~ 

who qualified for HOTS services, and were primarily 

Hispanic. 

Native Americans participating in the study were from 

the nearby Indian reservation just southwest of the city. 
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Table 1 

Ethnicity and Gender of Treatment and Control Groups 

Grade N F M NAF NAM NNAF NNAM 

HOTS 

4 28 16 12 3 5 13 7 

5 25 10 15 4 10 6 5 

NA 22 7 15 

NNA 31 19 12 

Control 

4 24 15 9 0 0 15 9 

5 25 11 14 0 0 11 14 

F - Female; M - Male; NA - Native American; NNA - Non-Native 

American; NAF - Native American Female; NAM - Native 

American male; NNAF - Non-Native American Female; NNAM -

Non-Native American Male 
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Native American students are transported to and from the 

reservation daily on district school buses. At times, Native 

American attendance becomes a problem as the children 

frequently miss the bus and are unable to secure other means 

of transportation to school. Non-Native American students 

participating in the study live in areas surrounding the 

school. 

subjects in the control groups were all Hispanic. These 

subjects were fourth and fifth grade educationally 

disadvantaged students who had reading comprehension scores 

between the 15th and 40th percentile, and would have 

qualified for HOTS instruction had there been more space 

available in the program. 

Treatment and control subjects were selected from four 

fourth grade classrooms and four fifth grade classrooms (a 

total of eight rooms). The treatment groups received HOTS 

instruction 34-40 minutes per day four times a week for a 

year. All HOTS instruction was implemented by the 

researcher/teacher. 

When HOTS students were not receiving HOTS instruction 

they were in a regular fourth or fifth grade classroom. HOTS 

students also leave the regular classroom with their regular 

class at specific times on preset days to attend specialists 

lessons such as art and music. 
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Control subjects received traditional Chapter 1 

services, and are in the regular classroom when not 

receiving Chapter 1 services. They also leave the regular 

classroom at specified times on preset days to attend 

specialists lessons such as art or music. 

Comparability of the treatment group and control group 

was determined. An independent t-test was conducted, alpha = 

.05, using Iowa Test of Basic Skills, Fall 1993, NCE reading 

comprehension scores. There was no statistically significant 

difference in the reading comprehension scores of the 

treatment groups and the control groups. Fourth grade HOTS 

students had a mean reading comprehension score of 31.1, and 

fourth grade non-HOTS students had a mean reading 

comprehension score of 31.42, t = 0.08, Q = .06. The fifth 

grade HOTS students had a mean reading comprehension score 

of 22.6 and fifth grade non-HOTS students had a mean reading 

comprehension score of 29.12, t = 1.81, Q = .077. 

Data Collection 

The following procedures were used for data collection 

(See Table 2). 



Table 2 

Data Collection 

Woodcock-Johnson Cognitive 

Ability Pre- and Post-Tests 

(experimental group only: 

Fall 1993 and spring 

Novel Problem Solving 

Tasks 

1994) 

(experimental groups only: 

Fall 1993 through Spring 

1994 

Cumulative Grade Point 

Average (experimental and 

control group) 

A. 

B. 

C. 

D. 

E. 

A. 

B. 

C. 

A. 

B. 
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Listening Comprehension 

Concept Formation 

Verbal Analogies 

spatial Relations 

Analysis-synthesis 

Transfer 

Schema Usage 

Strategy Development 

Spring 1993 

spring 1994 



Table 2--continued 

Metacognitive Questionnaire 

(experimental and control 

group: Spring 1994) 

Nelson Reading Comprehension 

Skills Test 

(experimental and control 

group: Spring 1993 and 

Spring 1994) 

Student Writing Samples 

(experimental group only: 

1993 and 1994) 

A. 

B. 

C. 

D. 

A. 

B. 

A. 

B. 
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Knowledge of Problem 

Solving 

Knowledge of Person 

Variables 

Knowledge of Reading 

Strategies 

Knowledge of Task 

Awareness 

Form A, Level 3 and 

Form B, Level 3 and 

Beginning of Year 

End of Year 

4 

4 
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Instruments 

six instruments were used as metacognitive measures for 

collecting the research data. The instruments included the 

Woodcock-Johnson Revised Cognitive Abilities Test, Nelson 

Reading comprehension Test, a set of classroom thinking 

activities assembled by the researcher, cumulative grade 

point averages (GPA), a metacognitive questionnaire 

(swanson, 1993), and student writing samples. These 

instruments were used to measure metacognitive growth and 

transfer from a variety of perspectives. 

Woodcock-Johnson Revised Cognitive 

Abilities Subtests 

The Woodcock-Johnson Revised cognitive Abilities 

Subtests (Woodcock, & Johnson, 1989) were used to measure 

metacognitive growth in five areas. The five subtests used 

were: (1) listening comprehension, (2) concept formation, 

(3) verbal analogies, (4) spatial relations, and (5) 

analysis-synthesis (Appendix A). Five subtests were selected 

out of the total battery because they seemed to best measure 

key metacognitive skills. 

The five subtests measure a combination of the 

student's fluid reasoning (Gf) and comprehension knowledge 

(Gc). Fluid reasoning (Gf) measures the ability of the 

student to identify relations and correlations. This ability 

is best manifested by drawing inferences and implications 



from novel tasks which do not place heavy dependency on 

prior knowledge. 
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Comprehension knowledge (Gc) is often referred to as 

"crystallized intelligence." Gc represents both the 

student's breadth and depth of learning and individual 

differences in respect to verbal communication abilities; 

information on which judgment, sophistication, and wisdom 

are based; and ability of the individual to connect types of 

reasoning to previously learned procedures. 

The listening comprehension subtest of the WJ-R 

primarily measures Gc. In this subtest the student supplies 

the missing word at the end of an oral passage for a series 

of oral cloze items. 

The concept formation subtest primarily measures Gf. 

This subtest measures the student's ability to identify 

rules for instances of concepts and non-instances of the 

concept. These items contain drawings inside of boxes and 

drawings outside of boxes and the student must articulate 

the rules used to put the drawings inside the boxes on each 

test item. The task involves the use of categorical 

reasoning principles based on formal logic. 

The verbal analogy subtest measures Gf and Gc. The 

student completes a phrase with words that are appropriate 

analogies. The vocabulary of the test is simple, but the 
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word relationships in the test items become increasingly 

complex. 

The spatial relations subtest measures a mix of Gf and 

visual processing. Each test item is a specific shape and 

students must select component parts from a group of given 

shapes needed to make an entire shape. Shape items become 

more abstract and complex with test progression. 

The analysis-synthesis subtest measures Gf. The student 

must analyze components of an incomplete logic puzzle and 

determine the missing components. Students used a 

combination of colored boxes to find a missing color. The 

procedures becomes increasingly complex and involves 

learning a miniature system of mathematics. 

All students receiving HOTS instruction were given pre

and post-tests of the five Woodcock-Johnson Cognitive 

Abilities subtests. Pre-tests were given in the fall of 1993 

(beginning of the school year) and post-test were given in 

the spring of 1994 (end of the school year). Pre- and post

test scores were derived to determine growth in the five 

subtests. 

The median reliability coefficient for the Woodcock

Johnson Broad Cognitive Scale is .97, with a range of .96 to 

.98 across age levels. Reliability coefficients were not 

listed for individual subtests (Mitchell, 1985). 
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One sample ~ tests using standard scores (SS) were 

performed, with Cronbach's alpha = .05. Results were 

analyzed by grade level, and for Native American versus non

Native American students. 

Novel Problem Solving Tasks 

The set novel problem solving tasks were designed to 

measure HOTS students' ability to apply thinking skills 

learned from HOTS lessons to contexts derived from regular 

classroom curriculum. The activities consist of a variety of 

novel problem solving tasks, that the researcher developed 

Which were extensions of classroom activities (Appendix B). 

Novel problem solving tasks measured three areas of 

metacognitive skill development: (1) transfer, (2) schema 

usage, and (3) strategy development. Transfer activities 

required the learner to draw on networked knowledge and 

strategies and apply HOTS developed knowledge or strategies 

to situations outside of HOTS instruction (see Appendix B). 

Activities measuring schema usage required students to: 

(a) be able to identify relationships, characteristics, and 

patterns, (b) draw analogies, and (c) develop perspectives. 

These activities required students to apply new schemata 

generated from HOTS instruction to classroom content (see 

Appendix B). 
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Activities measuring strategy development required 

students to develop and write a written strategy to reading 

and mathematical content (see Appendix B). 

Parallel forms of novel activities for pre- and post

tests. Pre-measure activities were administered to students 

from September through December. Post-measure activities 

were administered to students from January through May (see 

Appendix B for specific activities and dates) . 

A composite score was derived for each of the three 

areas of skill development. The composite score for transfer 

and schema usage was calculated by using the percentage of 

the number of correct items. Rubrics (see Appendix B) were 

used which ranked the level of strategy development from 0 

to 4, with a score of 4 being the highest rank. Rubric 

scoring was holistic. Each student strategy was rated 

individually by three scorers. An interrater reliability 

coefficient of 93% was derived from the scoring process. 

One sample t test was performed. Cronbach's alpha= .05, 

on the pre- and post-composite scores to determine the 

amount of growth in each of the three metacognitive skill 

areas. 

Cumulative Grade Point Average 

Cumulative grade point averages (GPA) were analyzed to 

determine if metacognitive skills developed during HOTS 



instruction facilitated overall academic gains in 

educationally disadvantaged students. 
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Cumulative GPAs were calculated for both HOTS students 

and the control groups. The GPA calculation included grades 

in (1) reading comprehension, (2) mathematical computation, 

(3) mathematical problem solving, (4) language arts, (5) 

spelling, (6) science/health, and (7) social studies using a 

percentage grading scale of 90 to 100 = A; 80 to 89 = B; 70-

79 = C; 60 to 69 = 0; and 0 to 59 = F. Yearly overall 

academic GPA were derived from grades in classroom subjects 

in May of 1993 and May of 1994. 

Independent t tests, Cronbach's alpha = .05, were 

conducted on HOTS and non-HOTS control groups, as described 

in Chapter 1 of this study, to compare the amount of 

increased academic achievement of HOTS students versus the 

growth of non-HOTS students. 

Metacognitive Questionnaire 

The Metacognitive Questionnaire was developed by Dr. H. 

Lee Swanson (1993) of the University of California, 

Riverside (see Appendix C). The Metacognitive Questionnaire 

consists of four scales: (1) knowledge of problem solving, 

(2) knowledge of person variables, (3) knowledge of reading 

strategies, and (4) knowledge of task awareness. 

Knowledge of problem solving measures the student's 

ability to detect situations that require problem solving. 
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Knowledge of person variables measures the student's 

knowledge of individual ability differences. Knowledge of 

reading strategies assesses the student's knowledge of 

strategy differences. Knowledge of task awareness measures 

the student's awareness of task differences. 

The questionnaire was administered to HOTS students and 

a control group of students in May 1994. Responses by the 

students to the questions in these categories were used to 

determine if significant differences existed in students' 

ability to apply general metacognitive skills to real-life 

(nonacademic) situations. If the student did not understand 

the question, it was repeated. If answers to questions were 

unclear, probes were used for clarification purposes. 

Student responses were ranked 0 to 5 according to 

metacognitive awareness. The higher the rank the greater the 

metacognitive awareness. 

A mean score was calculated across relevant items to 

derive the composite score. Swanson (1993) determined an 

interrater reliability of each item above 90%, and internal 

consistency (Cronbach's alpha) of .92. 

The questionnaire was administered as a post-test to 

HOTS and non-HOTS students in May of 1994 to determine if 

significant differences existed between control subjects and 

students who had received a year of HOTS instruction. 
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Independent ~ tests, Cronbach's alpha = .05, were performed. 

Nelson Reading Comprehension Skills Test 

The reading comprehension subtest of the Nelson Reading 

Comprehension Skills Test (Appendix D) is a group 

administered assessment which require students to read brief 

passages and answer questions related to each passage 

(Hanna, Schnell, & Schreiner, 1977). Passages reflect a 

variety of school subject matter, with content pertaining to 

humanities, natural sciences, and social studies. 

Reliability data reported from the Nelson Reading Skills 

Test found equivalent halves reliabilities ranged from .81 

to .94 on Form 3, and .86 to .94 on Form 4 (Mitchell, 1985). 

Three types of questions are asked about each content 

passage: (1) literal tasks, (2) translational tasks, and (3) 

higher level tasks. 

1. Literal tasks questions deal with specific facts 

and main ideas in the passages. 

2. Translational tasks questions are restatements of 

main ideas or related details. Selection of the 

correct answer requires the student to choose 

synonyms for paraphrased statements to determine 

correct referents to pronouns, identify 

inferences, or answer sequence questions. 

3. Higher level tasks questions require the student 

to use inference skills to identify implicitly 
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stated main ideas or details, identify cause and 

effect relationships, and make judgments regarding 

events, attitudes, or characters. 

The pre-test scores for fourth grade was Form A, Level 

3 (as end of year third graders) in the spring of 1993, and 

post-test was Form A, Level 4 (as end of year fourth 

graders) in the spring of 1994. The pre-test for fifth 

graders was Form A, Level 4 (as end of year fourth graders) 

in the spring of 1993, and post-test was Form B, Level 4 (as 

end of year fifth graders) in the spring of 1994. 

Sample t tests, Cronbach's alpha = .05, were performed 

to determine if HOTS students made significant growth. 

Independent t tests, Cronbach's alpha = .05, were conducted 

on HOTS and non-HOTS groups to compare reading comprehension 

skill growth of HOTS students versus the growth of non-HOTS 

students. 

Writing Samples 

The writing samples were used to determine if 

activities designed by the HOTS program to develop 

metacognitive skills would facilitate growth in writing 

abilities. Writing samples were collected from HOTS students 

in the beginning of the school year (fall 1993), and at the 

end of the school year (spring, 1994). 

Each writing sample was ranked with a rubric from 0 to 

4 (Appendix E). Anchor papers reflecting each ranking level 
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were established. Anchor papers and a 0 to 4 rubric were 

used for holistic scoring of student writing samples. Each 

writing sample was scored individually by three raters. An 

average score was then determined for each writing sample. 

The highest rank a paper can obtain is a 4. 

An interrater reliability coefficient of .93 was 

established during the scoring process. Independent t tests, 

Cronbach's alpha = .05, were then performed to determine 

degree of growth within the HOTS groups. 

Summary 

The instruments used in this research measure a variety 

of metacognitive skills and represent a variety of ways of 

testing for metacognition. The Woodcock-Johnson cognitive 

Abilities subtests measures cognitive ability growth 

achieved by HOTS students. The novel problem solving tasks 

and the Nelson Reading Comprehension Skills Test measure the 

students' ability to apply newly learned metacognitive 

skills to academic material and situations. The 

Metacognitive Questionnaire measures the students' ability 

to apply newly learned metacognitive skills to real life 

situations. The writing samples measure the students' 

ability to use newly acquired metacognitive skills to write 

a logical creative narrative in which thought connections 

and extensions are evidenced. 



Hypotheses 

Woodcock-Johnson Revised cognitive Abilities Subtests 

Independent variables: 

1. Grade Level 

A. Fourth grade 

B. Fifth grade 

2. Ethnicity 

A. Native Americans 

B. Non-Native Americans 

Dependent variables: 

1. Listening comprehension 
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Ho There will be no significant change in the 

listening comprehension skills of students in 

the HOTS program. 

H, HOTS students will make significant growth in 

listening comprehension skills. 

2. Concept formation 

Ho There will be no significant change of 

concept formation development of students in 

the HOTS program. 

H, HOTS students will make significant growth in 

concept formation development. 
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3. Verbal analogies 

Ho There will be no significant change in verbal 

analogies development of students in the HOTS 

program. 

H, HOTS students will make significant growth in 

verbal analogies development. 

4. Spatial relations 

Ho There will be no significant change in 

spatial relations development of students in 

the HOTS program. 

H, HOTS students will make significant growth in 

spatial relations development. 

5. Analysis-synthesis 

Ho There will be no significant change in the 

development of analysis-synthesis skills of 

students in the HOTS program. 

H, HOTS students will make significant growth in 

the development of analysis-syntheses 

skills. 

Novel Problem solving Tasks 

Independent variables 

1. Grade Level 

A. Fourth grade 

B. Fifth grade 



2. Ethnicity 

A. Native Americans 

B. Non-Native Americans 

Dependent variables 

1. Transfer skills 
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Ho There will be no significant change in the 

development of transfer skills of HOTS 

students. 

H1 HOTS students will make significant growth in 

the development of transfer skills. 

2. Schema usage 

Ho There will be no significant change in schema 

usage of HOTS students. 

H1 HOTS students will make significant growth in 

schema usage. 

3. strategy development 

Ho There will be no significant change in 

strategy development skills of HOTS students. 

H, HOTS students will make significant growth in 

strategy development skills. 

Cumulative Grade Point Average (GPA) 

Independent variables 

1. Grade level 

A. Fourth grade 

B. Fifth grade 



2. Ethnicity 

A. Native Americans 

B. Non-Native Americans 

3. Program Type 

A. HOTS 

B. Non-HOTS 

Dependent variables 

1. Cumulative GPA spring 1993 
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Ho Grade point average gains of HOTS students 

will equal grade point average gains of non

HOTS students. 

H, Grade point average gains of HOTS students 

will not equal grade point average gains of 

non-HOTS students. 

2. Cumulative GPA Spring 1994 

Ho HOTS students will make no significant grade 

point average gains. 

H, HOTS students will make significant grade 

point average gains. 

Metacognitive Questionnaire 

Independent variables 

1. Grade Level 

A. Fourth grade 

B. Fifth grade 
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2. Ethnicity 

A. Native Americans 

B. Non-Native Americans 

3. Program Type 

A. HOTS 

B. Non-HOTS 

Dependent variables 

1. Knowledge of Problem Solving 

2 . Knowledge of Person Variables 

3 • Knowledge of Reading strategies 

4 . Knowledge of Task Awareness 

Ho There will be no significant difference in 

the metacognitive skill of HOTS students and 

non-HOTS students. 

H, HOTS students will have significantly greater 

metacognitive skills than non-HOTS students. 

Nelson Reading Comprehension Skills Test 

Independent variables 

1. Grade Level 

A. Fourth grade 

B. Fifth grade 

2. Ethnicity 

A. Native Americans 

B. Non-Native Americans 



3. Program Type 

A. HOTS 

B. Non-HOTS 

Dependent variables 

1. Gains from Nelson Reading Comprehension Test 

Form 3 
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Ho Reading comprehension skill gains of HOTS 

students will equal reading comprehension 

skill gains of non-HOTS students. 

H, Reading comprehension skill gains of HOTS 

students will not equal reading comprehension 

skill gains of non-HOTS students. 

2. Gains from Nelson Reading Comprehension Test 

Form 4 

Ho HOTS students will make no significant gains 

in reading comprehension skills. 

H, HOTS students will make significant gains in 

reading comprehension skills. 

writing Samples 

Independent variables 

1. Grade level 

A. Fourth grade 

B. Fifth grade 



2. Ethnicity 

A. Native Americans 

B. Non-Native Americans 

Dependent variables 

1. Fall writing samples 

2. spring writing samples 
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Ho There will be no significant change in 

writing skill development of HOTS students. 

H1 HOTS students will make significant growth in 

writing skill development. 
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Woodcock-Johnson Revised Cognitive Abilities Subtests 

The five subtests from the Woodcock-Johnson Revised 

cognitive Abilities battery (Woodcock, & Mather, 1989) used 

for this research were: (1) listening comprehension, (2) 

concept formation, (3) verbal analogies, (4) spatial 

relations, and (5) analysis-synthesis. These five sUbtests 

were selected because they are directly related to the 

development and use of metacognitive skills. The subtests 

measure a combination of the student's fluid reasoning (Gf) 

and comprehension knowledge (Gc). The results from the five 

subtests are discussed and summarized in the following 

section. 

All HOTS students were assessed with a pre- and post

test design. T-tests, Cronbach's alpha = .05, were performed 

to determine the statistical significance of changes in 

cognitive growth. 

Listening Comprehension Results 

Ho There will be no significant change in the 

listening comprehension skills of students in 

the HOTS program. 

H, HOTS students will make significant growth in 

listening comprehension skills (see Table 3). 
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Table 3 

Listening Comprehension Gains of HOTS Students . 

Group N SE Mean T p 

Grade 

4 28 12.643 9.912 1.873 6.75 .0000 

5 25 13.600 9.661 1.932 7.04 .0000 

Ethnicity 

Native 

American 22 12.545 10.604 2.261 5.55 .0000 

Non-Native 

American 31 13.484 9.186 1. 650 8.17 .0000 

Fourth grade HOTS students had a pre-test Standard 

Score (SS) mean of 82.89 and a post-test SS mean of 95.54. 

The SS mean growth was 12.643, SO = 9.912, t(27) = 6.75, 

p<.OOOO. 

Fifth grade HOTS students had a pre-test SS mean of 

85.68 and post-test SS mean of 99.28. The SS mean growth was 

13.600, SO = 9.661, t(24) = 7.04, p<.OOOO. 

Native American HOTS students had a pre-test SS mean of 

86.73 and a post-test mean of 99.27. The SS mean growth was 

12.545, SO = 10.604, t(21) = 5.55, £<.0000. 
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Non-Native American students had a pre-test SS mean of 

82.42 and a post-test SS mean of 95.90. The SS mean growth 

was 13.484, SO = 9.186, ~(30) = 8.17, R<.OOOO. 

The listening comprehension skills of HOTS students 

appears to have significantly increased. Significant gains 

were made by all four groups of HOTS students. Therefore, 

the null hypothesis, Ho was rejected. 

At the beginning of the school year, listening 

comprehension skills of all four groups of HOTS students 

fell in the low-average range. By the end of the school 

year, these same groups of students made excellent progress 

and had developed average listening skills (see Table 3). 

concept Formation Results 

Ho There will be no significant change of concept 

formation skills of students in the HOTS program. 

H, HOTS students will make significant growth in 

concept formation skills (see Table 4). 

Fourth grade HOTS students had a pre-test SS mean of 

88.67 and a post-test SS mean of 104.88. The SS mean growth 

was 16.214, SO = 8.386, ~(27) = 10.23, R<.OOOO. 

Fifth grade HOTS students had a pre-test SS mean of 

88.20 and a post-test mean of 102.40. The SS mean growth was 

14.200, SO = 9.828, ~(24) = 7.22, R<.OOOO. 
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Table 4 

concept Formation Gains of HOTS Students 

Group N SE Mean T p 

Grade 

4 28 16.214 8.386 1. 585 10.23 .0000 

5 25 14.620 9.828 1. 966 7.22 .0000 

Ethnicity 

Native 

American 22 16.591 8.472 1. 806 9.19 .0000 

Non-Native 

American 31 14.323 9.481 1.703 8.41 .0000 

Non-Native American HOTS students had a pre-test SS 

mean of 89.29 and a post-test SS mean of 103.61. The SS 

mean growth was 14.323, SD = 9.481, t(30) = 8.41, p<.OOOO. 

Significant gains were made by all four groups of HOTS 

students. Therefore, the null hypothesis, Ho was rejected. 

All groups of HOTS students performed in the low

average range of concept formation at the beginning of the 

school year. By the end of the school year all students had 

made excellent progress and had moved to the average skill 

range of concept formation. Therefore, concept formation 



skills of HOTS students appears to have significantly 

improved. 

Verbal Analogies Results 

Ho There will be no significant change in verbal 

analogies performance of students in the HOTS 

program. 

H1 HOTS students will make significant growth in 

verbal analogies performance (see Table 5). 

Table 5 

Verbal Analogy Gains of HOTS Students 

Group N SE Mean T 

Grade 

93 

p 

4 28 13.250 9.485 1. 793 7.39 .0000 

5 25 13.240 8.212 1.642 8.06 .0000 

Ethnicity 

Native 

American 22 14.364 9.475 2.020 7.11 .0000 

Non-Native 

American 31 12.452 8.366 1.503 8.29 .0000 
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Fourth grade HOTS students had a pre-test SS mean of 

91.25 and a post-test SS mean of 104.50. The SS mean growth 

was 13.250, SO = 9.485, ~(27) = 7.39, ~<.OOOO. 

Fifth grade HOTS students had a pre-test SS mean of 

91.19 and a post-test SS mean of 105.12. The SS mean growth 

was 13.240, SO = 8.212, ~(24) = 8.06, ~<.OOOO. 

Native American HOTS students had a pre-test SS mean of 

92.45 and a post-test SS mean of 106.82. The Ss mean growth 

was 14.364, SO = 9.475, ~(21) = 7.11, ~<.OOOO. 

Non-Native American HOTS students had a pre-test SS 

mean of 90.90 and a post-test SS mean of 103.35. The SS mean 

growth was 12.452, SO = 8.366, ~(30) = 8.29, ~<.OOOO. Since 

all HOTS groups showed significant growth, the null 

hypothesis was rejected. 

Verbal analogy skills of HOTS students appears to have 

significantly increased. Significant gains were made by all 

four groups of HOTS students. Native American HOTS students 

achieved the greatest SS gain. All four groups of students 

moved from the lower limit of the average range to the upper 

limit of the average range. 

spatial Relations Results 

Ho There will be no significant change in spatial 

relations skills of students in the HOTS program. 

H, HOTS students will make significant growth in 

spatial relations skills (see Table 6). 
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Table 6 

Spatial Relation Gains of HOTS Students 

Group N SE Mean T p 

Grade 

4 28 14.786 10.878 2.056 7.19 .0000 . 
5 25 13.800 12.379 2.476 5.57 .0000 

Ethnicity 

Native 

American 22 13.545 14.229 3.034 4.47 .0001 

Non-Native 

American 31 14.871 9.330 1. 676 8.87 .0000 

Fourth grade HOTS students had a pre-test SS mean of 

96.32 and a post-test SS mean of 111.11. The SS mean growth 

was 14.786, SO = 10.878, t(27) = 7.19, p<.OOOO. 

Fifth grade HOTS students had a pre-test SS mean of 

97.16 and a post-test SS mean of 110.96. The SS mean growth 

was 13.800, SO = 12.379, t(24) = 5.57, p<.OOOO. 

Native American students had a pre-test SS mean of 

99.54 and a post-test SS mean of 113.09. The SS mean growth 

was 13.545, SO = 14.229, t(21) = 4.47, p<.OOOl. 
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Non-Native American HOTS students had a pre-test SS 

mean of 94.71 and a post-test SS mean of 109.58. The SS mean 

growth was 14.871, SO = 9.330, ~(30) = 8.87, 2<.0000. 

Spatial relation skills of HOTS students appears to 

have significantly increased. Significant gains were made by 

all four groups of HOTS students. Therefore, the null 

hypothes is, °Ho was rej ected. 

The HOTS students made significant gains in spatial 

relation abilities, while the Native American students 

achieved less growth, probably because of their higher pre

test scores. All groups of HOTS students moved from the 

average range to the high-average range. 

Analysis-synthesis Results 

Ho There will be no significant change in analysis

synthesis skills of students in the HOTS program. 

H, HOTS students will make significant growth of 

analysis-synthesis skills (see Table 7). 

Fourth grade HOTS students had a pre-test SS mean of 

90.67 and a post-test SS mean of 107.99. The SS mean growth 

was 17.321, SE = 2.392, ~(27) = 7.40, 2<.0000. 

Fifth grade HOTS students had a pre-test SS mean of 

88.80 and a post-test SS mean of 107.99. The Ss mean growth 

was 18.800, SO = 11.229, ~(21) = 8.37, 2<.0000. 
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Table 7 

Analysis-Synthesis Gains of HOTS Students 

Group N SE Mean T p 

Grade 

4 28 17.321 12.392 2.342 7.40 .0000 

5 25 18.800 11.229 2.246 8.37 .0000 

Ethnicity 

Native 

American 22 19.182 12.133 2.587 7.42 .0000 

Non-Native 

American 31 17.194 11. 632 2.089 8.23 .0000 

Native American HOTS students had a pre-test SS mean of 

92.98 and a post-test SS mean of 111.16. The SS mean growth 

was 19.182, SO = 12.133, t(21) = 8.37, R<.OOOO. 

Non-Native American HOTS students had a pre-test SS 

mean of 88.16 and a post-test SS mean of 105.35. The mean SS 

growth was 17.194, SO = 11.632, t(30) = 8.23, R<.OOOO. 

The analysis-synthesis skills of HOTS students appear 

to have significantly increased. significant gains were made 

by all four groups of HOTS students. Therefore, the null 

hypothesis, Ho was rejected. 
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The pattern of analysis-synthesis skill development of 

the different groups of HOTS students varied slightly. Two 

of the HOTS groups (fifth grade and non-Native Americans) 

moved from the low-average range to the average range. The 

other two groups of HOTS students (fourth grade, and Native 

Americans) moved from the lower limit of the average range 

to the upper limit of the average range and from the lower 

limit of the average range to the lower limit of the high

average range respectively (see Table 8). Even though the 

groups varied slightly in range movement, all groups moved 

at least 75% of a range. 

Table 8 

Standard Score Range Delineations 

SS Range WJ-R Classification 

131 and above very superior 

121 to 130 superior 

111 to 120 high-average 

90 to 110 average 

80 to 89 low-average 

70 to 79 low 

69 and below very low 
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The HOTS students made significant growth in 20 out of 

20 pre- and post-test comparisons of the subtests used from 

the Woodcock-Johnson Revised Cognitive Abilities Test. 

Novel Problem Solving Tasks 

A series of novel problem solving tasks collected by 

the researcher were used to measure the extent to which 

students apply metacognitive skills to classroom type 

activities. Measures were used to assess growth of the 

following metacognitive skills: (1) transfer, (2) schema 

usage, and (3) strategy development (see Appendix B for 

exact activities). Composite raw scores (percents) were 

calculated from related activities. T tests were performed 

to determine amount of metacognitive growth in each area, 

Cronbach's alpha = .05 was conducted. 

Transfer Measures Results 

Ho There will be no significant change in the 

transfer skills of HOTS students. 

H, There will be significant growth in the transfer 

of skills of HOTS students (see Table 9). 

Fourth grade HOTS students had a mean composite pre

measure score of 64.64 and a mean composite post-measure 

score of 97.10. The mean growth was 32.464, SD = 16.022, 

t(27) = 10.72, 2<.0000. 
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Table 9 

Transfer Gains of HOTS Students 

Group N SE Mean T p 

Grade 

4 28 32.644 16.022 3.028 10.72 .0000 

5 25 39.760 18.075 3.615 11. 00 .0000 

Ethnicity 

Native 

American 22 35.318 17.943 3.825 9.23 .0000 

Non-Native 

American 31 36.323 17.030 3.059 11.88 .0000 

Fifth grade HOTS students had a mean composite pre

measure score of 52.56 and a mean composite post-measures 

score of 92.32. The mean growth was 39.760, SO = 18.075, 

~(24) = 11.00, 2<.0000. 

Native American HOTS students had a mean composite pre

measures score of 58.09 and a mean composite post-measures 

score of 93.41. The mean growth was 35.318, SO = 17.943, 

~(21) = 9.23, 2<.0000. 

Non-Native American HOTS students had a mean composite 

pre-measures score of 59.55 and a mean composite post-
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measures score of 95.87. The mean growth was 36.323, SD = 

17.030, ~(30) = 11.88, Q<.OOOO. 

Development of transfer skills in all four groups of 

HOTS students appears to have significantly increased. 

Therefore, the null hypothesis Ho was rejected. 

Schema Usage Results 

Ho There will be no significant change in schema 

usage of HOTS students. 

H1 HOTS students will make significant growth in 

schema usage (see Table 10) 

Table 10 

Schema Usage Gains of HOTS Students 

Group N SE Mean T 

Grade 

p 

4 28 33.071 9.416 1.779 18.59 .0000 

5 25 23.680 9.132 1. 826 12.97 .0000 

Ethnicity 

Native 

American 22 30.500 9.445 2.014 15.15 .0000 

Non-Native 

American 31 27.323 10.888 1. 956 13.97 .0000 
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Fourth grade HOTS students had a mean composite pre

measures score of 49.29 and a mean composite post-measures 

score of 82.36. The mean growth was 33.071, SO = 9.416, 

~(27) = 18.59, 2<.0000. 

Fifth grade HOTS students had a mean composite pre

measures score of 56.50 and a mean composite post-measures 

score of 80.48. The mean growth was 23.680, SO = 9.132, 

~(24) = 12.97, 2<.0000. 

Native American HOTS students had a mean composite pre

measures score of 44.01 and a mean composite post-measures 

score of 74.51. The mean growth was 30.500, SO = 9.445, 

~(21) = 15.15, 2<.0000. 

Non-Native American HOTS students had a mean composite 

pre-measures score of 54.00 and a mean composite post

measures score of 81.32. The mean growth was 27.323, SO = 

10.888, ~(30) = 13.97, 2<.0000. 

Schema usage of all four groups of HOTS students 

appears to have significantly increased. Therefore, the null 

hypothesis, Ho' was rejected. 

Strategy Development Results 

Ho There will be no significant change in the 

strategy skills of HOTS students. 

H, HOTS students will make significant growth in 

strategy skills (see Table 11). 
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Table 11 

strategy Development Gains of HOTS Students 

Group N SE Mean T p 

Grade 

4 28 40.536 14.916 2.819 14.38 .0000 

5 25 43.000 12.672 2.534 16.97 .0000 

Ethnicity 

Native 

American 22 42.591 13.208 2.816 15.13 .0000 

Non-Native 

American 31 41. 258 14.126 2.537 16.26 .0000 

Fourth grade HOTS students had a mean composite pre

measures score of 27.82 and a mean composite post-measures 

score of 68.55. The mean growth was 40.536, SD = 14.916, 

t(27) = 14.38, p<.OOOO. 

Fifth grade HOTS students had a mean composite pre

measures score of 25.96 and a mean composite post-measures 

score of 68.96. The mean growth was 43.0000, SD = 12.672, 

t(24) = 16.97, p<.OOOO. 

Native American HOTS students had a mean composite pre

measures score of 25.95 and a mean composite post-measures 
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score of 68.54. The mean growth was 42.591, SO = 13.208, 

t(21) = 15.13, £<.0000. 

Non-Native American HOTS students had a mean composite 

pre-measure score of 27.65 and a mean composite post

measures score of 68.90. The mean growth was 41.258, SO = 

14.126, t(30) = 16.26, £<.0000. 

The strategy development skills of all four groups of 

HOTS students appears to have significantly increased. 

Therefore, the null hypothesis, Ho' was rejected. 

The HOTS students made significant growth in 12 out of 

12 pre- and post-novel problem solving tasks. Therefore, it 

appears that HOTS students' ability to transfer 

metacognitive skills significantly improved during the year. 

Cumulative Grade Point Average (GPA) 

Cumulative grade point averages of academic subjects 

were analyzed to compare the effect of HOTS instruction on 

academic gains of HOTS students versus non-HOTS students. 

Grade point averages were calculated for the spring of 1993, 

and for the spring of 1994. Calculations included seven 

subjects: (1) reading comprehension, (2) mathematical 

problem solving, (3) mathematical computation, (4) language 

arts, (5) spelling, (6) social studies, and (7) 

science/health. A one sample t test, Cronbach's alpha = .05 

was conducted. 



HO Academic gains of HOTS students and non-HOTS 

students will not be significantly different. 

H, Academic gains of HOTS students and non-HOTS 

students will be significantly different (see 

Tables 12 and 13). 

Table 12 
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Pre-Post Cumulative Grade Point Averages of HOTS and Non

HOTS Students from spring 1993 to spring 1994 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

Pre 

77.431 

74.70 

68.90 

71. 96 

Post 

86.863 

74.17 

76.93 

71. 20 
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Table 13 

Cumulative Grade Point Averages of HOTS Versus Non-HOTS 

Students - May 1994 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

86.86 

74.18 

76.93 

71. 20 

6.50 

6.53 

5.63 

7.94 

SE Mean 

1.2 

1.3 

1.1 

1.4 

T 

7.00 

3.64 

P 

.0000 

.0007 

Fourth grade HOTS students had a spring 1993 academic 

GPA percentage of 77.431, and a spring 1994 academic GPA 

percentage of 86.863. 

Fourth grade non-HOTS students had a spring 1993 

academic GPA percentage of 74.70, and a spring 1994 academic 

GPA percentage of 74.17. 

Fifth grade HOTS students had a spring 1993 academic 

GPA percentage of 68.90, and a spring 1994 academic GPA 

percentage of 76.93. 
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Fifth grade non-HOTS students had a spring 1993 GPA 

percentage of 71.96, and a spring 1994 academic GPA 

percentage of 71.20. 

Differences in GPA between fourth grade HOTS and fourth 

grade non-HOTS students is statistically significant, ~(50) 

= 7.00, 2<.0000. Therefore, the null hypothesis, Ho' was 

rejected. 

Differences in GPA between fifth grade HOTS students 

and fifth grade non-HOTS students is statistically 

significant, ~(48) = 3.64, 2<.0007. Therefore, the null 

hypothesis, Ho' was rejected. 

Metacognitive Questionnaire 

The metacognitive questionnaire (Swanson, 1993) 

contained four types of questions: (1) Questions on 

knowledge of problem solving, (2) Questions on knowledge of 

person variables, (3) Questions on knowledge of reading 

strategies, and (4) Questions on knowledge of task 

awareness. 

The questionnaire was administered to both HOTS and 

non-HOTS students in May 1994. composite scores of related 

items were derived. Independent ~ tests, Cronbach's alpha = 

.05, were performed to compare metacognitive abilities of 

HOTS and non-HOTS students, and Native American HOTS and 

non-Native American HOTS students. 
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HO There will be no significant differences in the 

metacognitive skills of HOTS and non-HOTS student. 

H, There will be a significant difference in the 

metacognitive skills of HOTS students and non-HOTS 

students (see Table 14). 

Table 14 

Comparison of Knowledge of Problem Solving Results of HOTS 

versus Non-HOTS Students 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

84.5 

68.8 

81. 0 

67.71 

10.2 

11. 2 

8.66 

7.22 

SE Mean 

1.9 

2.2 

1.7 

1.5 

T 

5.32 

5.82 

P 

.0000 

.0000 

Fourth grade HOTS students scored a percentage mean of 

84.5 and fourth grade non-HOTS students scored a percentage 

mean of 68.8. Differences in knowledge of problem solving 

ability performance between fourth grade HOTS students and 

fourth grade non-HOTS students appears to be statistically 



significant, t(50) = 5.32, 2<.0000. Therefore, the null 

hypothesis, Ho' was rejected. 
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Fifth grade HOTS students scored a percentage mean of 

81.00 and fifth grade non-HOTS students scored a percentage 

mean of 67.71. Differences in knowledge of problem solving 

ability performance of fifth grade HOTS students and fifth 

grade non-HOTS students appears to be statistically 

significant, t(48) = 5.82, 2<.0000. Therefore, the null 

hypothesis, Ho' was rejected. 

Fourth grade HOTS students scored a percentage mean of 

80.2 and fourth grade non-HOTS students scored a percentage 

mean of 66.4. Differences in knowledge of person variables 

between fourth grade HOTS students and fourth grade non-HOTS 

students appears to be significantly significant, t(50) = 

4.47,2<.0000 (see Table 15). 

Fifth grade HOTS students scored a percentage mean of 

81.6 and fifth grade non-HOTS students scored a percentage 

mean of 66.67. Differences in knowledge of person variables 

between fifth grade HOTS students and fifth grade non-HOTS 

students appear to be statistically significant, t(48) = 

5.19, 2<.0000. Therefore, the null hypothesis, Ho' was 

rejected. 
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Table 15 

Comparison of Knowledge of Person Variable Results of HOTS 

Versus Non-HOTS Students 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

80.2 

66.4 

81. 6 

66.67 

11. 3 

11.1 

10.8 

9.29 

SE Mean 

2.1 

2.2 

2.2 

1.9 

T 

4.47 

5.19 

P 

.0000 

.0000 

Fourth grade HOTS students scored a percentage mean of 

73.57 and fourth grade non-HOTS students scored a percentage 

mean of 55.64. Differences in reading strategy application 

abilities between fourth grade HOTS students and fourth 

grade non-HOTS students appears to be statistically 

significant, 1(50) = 7.89, p<.OOOO. Therefore, the null 

hypothesis, Ho' was rejected (see Table 16). 

Fifth grade HOTS students scored a percentage mean of 

70.60, and fifth grade non-HOTS students scored a percentage 

mean of 62.08. Differences in reading strategy application 
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Table 16 

Comparison of Knowledge of Reading strategies Results of 

HOTS Versus Non-HOTS Students 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

73.57 

55.64 

70.60 

62.08 

7.44 

9.10 

8.21 

7.51 

SE Mean 

1.4 

1.8 

1.6 

1.5 

T 

7.89 

3.79 

p 

.0000 

.0004 

abilities between fifth grade HOTS students and fifth grade 

non-HOTS students appears to be statistically significant, 

~(48) = 3.79, 2<.0004. Therefore, the null hypothesis, Ho, 

was rejected. 

Fourth grade HOTS students scored a percentage mean of 

81.21, and fourth grade non-HOTS students scored a 

percentage mean of 62.5. Differences in task awareness 

abilities between fourth grade HOTS students and fourth 

grade non-HOTS students appears to be statistically 

significant, ~(50) = 6.46, 2<.0000. therefore, the null 

hypothesis, Ho' was rejected (see Table 17). 
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Table 17 

Comparison of Knowledge of Task Awareness Results of HOTS 

Versus Non-HOTS Students 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

81. 21 

62.5 

79.52 

57.0 

9.34 

11.7 

7.48 

12.0 

SE Mean 

1.8 

2.3 

1.5 

2.4 

T 

6.46 

7.91 

p 

.0000 

.0000 

Fifth grade HOTS students scored a percentage mean of 

79.52, and fifth grade non-HOTS students scored a percentage 

mean of 57.0. Differences in task awareness abilities 

between fifth grade HOTS students and fifth grade non-HOTS 

students appears to be statistically significant, ~(48) = 

7.91, p<.OOOO. Therefore, the null hypothesis, Ho' was 

rejected. 

On all eight comparisons of HOTS and non-HOTS students 

using Swanson's Metacognitive Questionnaire (1993), the HOTS 

students outperformed the non-HOTS students. Therefore, it 
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appears that students with HOTS instruction outperformed 

non-HOTS students on Swanson's Metacognitive Questionnaire. 

Nelson Reading Comprehension Skills Test 

Independent t Test Results 

Ho There will be no significant differences in 

reading comprehension skills of HOTS students and 

non-HOTS students. 

H1 HOTS students will have significantly greater 

reading comprehension skills than non-HOTS 

students (see Table 18). 

Table 18 

Comparison of Reading Comprehension Results of HOTS vs. Non

HOTS Students May 1994 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

24 

25 

25 

46.7 

33.7 

44.6 

28.0 

17.3 

16.8 

12.8 

11.7 

SE Mean 

3.3 

3.4 

2.6 

2.4 

T 

2.78 

4.73 

p 

.0078 

.0000 
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Fourth grade HOTS students scored an NCE (National 

Curve Equivalents) mean of 46.7 and fourth grade non-HOTS 

students scored and NCE mean of 33.7. Differences in reading 

comprehension skills between fourth grade HOTS and fourth 

grade non-HOTS students appears to be statistically 

significant, t(50) = 2.77, 2<.0078. Therefore, the null 

hypothesis, Ho, was rejected. 

Fifth grade HOTS students scored an NCE mean of 44.6, 

and fifth grade non-HOTS students scored an NCE mean of 

28.0. Differences in reading comprehension skills of fifth 

grade HOTS students and fifth grade non-HOTS students 

appears to be statistically significant, t(48) = 4.73, 

2<.0000. Therefore, the null hypothesis, Ho' was rejected. 

Pre- and Post-t Test Results 

Ho HOTS students will make no significant gains in 

reading comprehension skills. 

H, HOTS students will make significant gains in 

reading comprehension skills (see Table 19). 

Fourth grade HOTS students had a pre-NCE mean of 33.93, 

and a post-NCE mean of 46.71. The mean NCE growth was 13.32, 

SD = 17.594, t(27) = 4.01, 2<.0002. Therefore, the null 

hypothesis, Ho, was rejected. 

Fourth grade non-HOTS students had a pre-NCE mean of 

31.42, and a post-NCE mean of 34.37. The mean NCE growth was 
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Table 19 

Pre- and Post-Nelson Reading Comprehension Skills Test Gains 

of HOTS Students and Non-HOTS Students - spring 1993 to 

spring 1994 

Group 

Grade 4 

HOTS 

Non-HOTS 

Grade 5 

HOTS 

Non-HOTS 

N 

28 

25 

25 

25 

13.321 

2.958 

14.120 

-2.240 

17.594 

17.472 

12.394 

7.019 

SE Mean 

3.325 

3.566 

2.479 

1.404 

T 

4.01 

.83 

5.70 

-1. 60 

p 

.0002 

.21 

.0000 

.94 

2.95, SO = 17.472, t(23) = .83, £<.21. Therefore, the null 

hypothesis, Ho, was accepted. 

Fifth grade HOTS students had a pre-NCE mean of 30.60, 

and a post-NCE mean of 44.72. The mean NCE growth was 14.12, 

SO = 12.394, t(24) = 5.70, £<.0000. Therefore, the null 

hypothesis, Ho, was rejected. 

Fifth grade non-HOTS students had a pre-NCE mean of 

30.08, and a post-NCE mean of 27.84. The mean NCE change was 

-2.24, SO = 7.019, t(24) = 1.60, £<.94. Therefore, the null 

hypothesis, Ho' was accepted. 
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In the two comparisons of HOTS and non-HOTS students, 

the HOTS students significantly outperformed the non-HOTS 

students in reading comprehension. In all pre- and post

measures of reading comprehension the HOTS students appeared 

to have made significant growth. Therefore, it appears that 

HOTS instruction and techniques had a major effp.ct on 

reading comprehension skill growth of HOTS students. 

Writing Sample Results 

Student writing samples were collected in the beginning 

of the school year (fall 1993), and at the end of the school 

year (spring 1994). The writing samples were used to 

determine if activities designed by the HOTS program to 

develop metacognitive skills would facilitate growth in 

writing abilities. 

Each writing sample was ranked with a rubric from 0 to 

4 (see Appendix E for a description of the rubrics). Anchor 

papers reflecting each ranking level was established. Anchor 

papers and a 0 to 4 rubric were used for holistic scoring of 

student writing samples. The highest rank a paper can obtain 

is a 4. An interrater reliability coefficient of .93 was 

established during the scoring process. Dependent t tests, 

Cronbach's alpha = .05, were then performed to determine 

degree of growth within the groups (see Table 20). 



117 

Table 20 

Gains in HOTS Students' writing Samples 

Group N SE Mean T p 

Grade 

4 28 1. 375 0.571 0.108 12.74 .0000 

5 25 1. 46 0.406 0.081 17.97 .0000 

Ethnicity 

Native 

American 22 1.3409 0.4194 0.089 15.0 .0000 

Non-Native 

American 31 1. 468 0.547 0.098 14.95 .0000 

Ho There will be no significant change in the writing 

skills of HOTS students. 

H, HOTS students will make significant growth in 

writing skills. 

Fourth grade HOTS students had a pre-writing score mean 

of 1.082, and a post-writing score mean of 2.457. The mean 

growth in writing skills was 1.375, SO = 0.571, ~(27) = 

12.74, p<.OOOO. 

Fifth grade HOTS students had a pre-writing score mean 

of 1.06, and a post-writing score mean of 2.52. The mean 



growth in writing skills was 1.46, SO = 0.4062, ~(24) = 

17.97, ~<.OOOO. 
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Native American HOTS students had a pre-writing score 

mean of 1.04, and post-writing score mean of 2.38. The mean 

growth in writing skills was 1.3409, SO = 0.4194, ~(21) = 

15.0, ~<.OOOO. 

Non-Native American HOTS students had a pre-writing 

score mean of 1.096, and a post-writing score mean of 2.583. 

The mean growth in writing skills was 1.4677, SO = 0.5467, 

~(30) = 14.95, ~<.OOOO. 

Writing skill development of all HOTS students appears 

to have significantly increased. Therefore, the null 

hypothesis, Ho' was rejected. 

Four out of four pre- and post-writing comparisons 

found that HOTS students made significant growth in writing 

skill development. 

Analysis 

Six different instruments were used to measure 

development and transfer of metacognitive skills. The six 

instruments were compared of 15 different measures. Twenty

two comparisons of results were made, 12 of which involved 

control groups. In all, 22 comparison HOTS students made 

significant growth. In the 12 comparisons involving HOTS 

versus non-HOTS students, the HOTS students significantly 

outperformed the non-HOTS students. 
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Ethnicity and grade level of the students did not 

appear to be key factors in gains made by HOTS students. 

Both Native American and non-Native American HOTS students 

appeared to have made significant gains in the development 

of metacognitive skills. 

During the year of HOTS instruction, the students' 

achievement was outstanding. Students in the HOTS program 

showed significant gains in reading comprehension, and 

increased academic gains in other classroom sUbjects. By the 

end of the first nine week grading period, 12 students 

received academic achievement awards (honor roll), and by 

the end of the fourth nine week grading period, 18 students 

received academic achievement awards. In addition, 23 HOTS 

students entered the school science fair. Of these, five 

placed first (one of which also placed at the Southern 

Arizona Regional Science Fair at the University of Arizona), 

seven placed second, and eleven placed third. On the other 

hand, the non-HOTS Chapter 1 students made little academic 

progress, and fifth graders actually declined. 

Although specific data regarding social or emotional 

behavior was included in this research, this research 

indicates these two areas appeared to playa major role in 

the overall success of the educationally disadvantaged 

students. Students received fewer referrals to the office 

for behavior, were focused on regular classroom work, and 



120 

worked more cooperatively with groups. The HOTS students 

were proud and excited about their academic gains. They 

worked harder to reach and stay on the school honor roll. 

This implies that when students learn necessary skills to 

achieve and maintain academic gains, their self-worth 

increases resulting in greater self-esteem. 

In this study, the development and transfer of 

metacognitive skills in educationally disadvantaged students 

appears to be related to the HOTS instruction the students 

received, as opposed to any specific ethnic differences. In 

addition, since the design and instructional delivery of the 

HOTS Program differs from that of the Chapter 1 program, 

differences may be due to the quality and design of the 

programs, as well as in how services were delivered. 



CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 
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Findings from this research demonstrated that the HOTS 

Program is a highly structured innovative program which 

promotes development of metacognitive skills in 

educationally disadvantaged students. This research showed 

that educationally disadvantaged students from low 

socioeconomic areas are able to develop and apply 

metacognitive skills when highly organized and intensive 

instruction is implemented. HOTS students were able to 

decontextualize and apply newly learned metacognitive skills 

to a variety of contexts. Results showed consistent growth 

across a wide variety of academic and cognitive domains. 

In addition, the growth appears to be consistent across 

cultures. Both Native American and non-Native American HOTS 

students developed and applied metacognitive skills to a 

variety of contexts. The research results showed these 

students to be highly capable when exposed to a creative and 

well organized curriculum. 

Results from this research imply that when general 

metacognitive skills are taught independently of specific 

content in an intensive and well organized manner, transfer 

appears to take place and leads to improved content 

learning. 
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This approach allows students to develop a repertoire 

of general thinking skills applicable to many contexts. 

Development of subject specific metacognitive skills would 

then be assimilated and accommodated into existing schema as 

subject specific learning situations are presented. 

Substantial gains in a variety of subjects achieved by 

these students indicates that the HOTS Program solves a 

fundamental learning problem of students who lack prior 

exposure to metacognitive skills development. Frequent 

learning experiences and practice using metacognitive skills 

provided by the HOTS Program demonstrated that educationally 

disadvantaged students were able to bridge learning gaps 

which prevented them from being successful in the regular 

classroom. 

All students who received HOTS instruction made 

sUbstantial academic gains in the regular classroom. The 

students were able to apply general metacognitive skills to 

a variety of classroom subjects as opposed to only one 

specific subject. Results indicate the newly developed 

metacognitive skills were responsible for increased academic 

gains of HOTS students in the regular classroom. Transfer of 

these newly learned skills enabled 34% of the HOTS students 

to achieve and maintain honor roll status, as opposed to the 

control groups which had no one achieving honor roll and 

demonstrated little or no academic achievement. 



123 

HOTS students also made academic gains in content areas 

(social studies, science, and health) being taught in the 

regular classroom while attending HOTS four times a week. 

Two implications are drawn from this. First, when students 

are facilitated in developing metacognitive skills, they are 

better able to learn independently. The students are able to 

comprehend and internalize new information by applying rules 

for thinking across disciplines. Second, student learning is 

directly dependent on instructional design of the 

activities, and not whether a program is implemented in the 

classroom or as a pullout. 

Students who are deficient in metacognitive processes 

think and communicate in an unstructured or unconventional 

manner, and their thought processes do not exhibit logical 

or reflective thinking practices. When asked questions, 

their answers tend to be unfocused, irrelevant, and 

fragmented. 

Viewing educationally disadvantaged students as unable 

to learn or lacking basic knowledge, and as needing drill 

and practice sessions appears to be incorrect. Educationally 

disadvantaged students in this study were intellectually 

astute and demonstrated no apparent knowledge deficits. 

However, their knowledge appeared to be inert and 

unconnected rendering it unusable. 
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Intellectually challenging and interesting activities 

in the HOTS curriculum allowed disadvantaged students to 

develop metacognitive processes and capabilities which had 

been infrequently used prior to these experiences. HOTS 

experiences, combined with student motivation, demonstrated 

that educationally disadvantaged are more capable than they 

appear to be and that the students were able to successfully 

develop and transfer skills when HOTS instruction was 

consistent with program guidelines and materials. After 

students developed necessary metacognitive skills needed for 

learning and comprehending comprehensive academic material, 

their refocused thinking permitted academic gains. 

Isolated higher order thinking activities which take 

place once or twice a week in the traditional classroom are 

probably not sufficient to develop reflective metacognitive 

skills necessary for development of problem solving 

strategies in educationally disadvantaged students. 

While this research suggests that transfer did occur, 

transfer does not occur spontaneously. Teachers must teach 

for transfer and not just assume it will occur in 

educationally disadvantaged students. Students need to be 

taught conditional knowledge regarding "how" and "when" to 

apply metacognitive skills to future learning. The HOTS 

curriculum focused on creative and consistent activities 

that modeled the networking of ideas and strategies. Over 
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time this appeared to refocus the student's knowledge base 

in ways needed for metacognitive schema development. 

It appears that daily practice in the use of 

metacognitive skills for 35 to 40 four times a week for a 

minimum of a year is essential in order for disadvantaged 

students to become proficient in the use of metacognitive 

thought processes. 

This research suggests that arguments for total 

inclusion and/or least restrictive environment, without 

analyzing the effectiveness of program designs, may be 

incorrect. Control group students (100% Hispanic) received 

less services. Control groups received Chapter 1 services 

once a week, as opposed to the HOTS students who received 

HOTS instruction four times a week. The control students, 

who spent three extra time periods per week in the regular 

classroom receiving content area instruction appeared to 

mak~ little or no gains academically, and in some instances 

grade point averages declined. 

Results from this research imply schools should 

reorganize how services for Chapter 1 and other reform 

programs are implemented. Students in kindergarten through 

third grade should participate in programs with a different 

type of instructional design than students in fourth through 

seventh grades. 
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The scheduling of HOTS is organized differently from 

traditional approaches. Students do not attend HOTS 

instruction during time when reading or mathematics are 

taught in the regular classroom. Students are then able to 

derive maximum benefit from HOTS instruction by being 

allowed to internalize and apply newly learned metacognitive 

skills to reading and mathematical assignments when taught 

in the inclusive environment of the regular classroom. A 

solution was provided for disadvantaged students lacking 

metacognitive development, and cumulative effects of the 

program were observed in a variety of outcomes. 

Educators should not assume reform programs can be 

implemented at all grade levels with all students, any more 

than one can assume a given pill will cure all ills. Even 

though the HOTS curriculum combined with a Socratic dialogue 

approach works exceptionally well with students in fourth 

through seventh grades, this exact curriculum and dialogue 

approach probably would not work with most first graders. 

Reform programs need to be developmentally appropriate 

and use pedagogical techniques which are effective. Teachers 

need to receive intense training in the pedagogical 

techniques to ensure the quality control needed for program 

implementation to be successful. 

This research demonstrated that learning problems in 

fourth and fifth grade appear to be different from learning 
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problems in earlier grades. It appears that educationally 

disadvantaged students in fourth and fifth grade are 

deficient in metacognitive skills. Once intensive and 

consistent development of metacognitive skills was 

facilitated, students were able to bring academic 

performance to grade level. The students were able to learn 

material the first time it was taught. Teachers could 

present the students with greater challenges, and the 

students required less remedial instructional time. 

The outstanding results achieved by educationally 

disadvantaged students in this research validated the use of 

the HOTS Program and its specific requirements for 

successful implementation. The study showed that the 

students responded positively to a well taught innovative 

curriculum that eliminated drill, and challenged them 

intellectually. In addition, this research also showed that 

an appropriate intervention is able to simultaneously 

produce a wide variety of gains, in both basic and advanced 

skills, resulting from decontextualization of and transfer 

of newly learned metacognitive skills. 
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Administration of the Woodcock-Johnson Revised 

Cognitive Abilities Subtests 
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The Woodcock-Johnson measures general metacognition. 

General metacognition is defined as the ability of the 

student to be aware of their own knowledge, and their 

ability to understand, control, and manipulate specific 

cognitive processes. 

Measures utilized and Dates Administered: 

Pre-Test Date 

Listening Comprehension 8/93 

Concept Development 8/93 

Verbal Analogies 

spatial Relations 

Analysis-Synthesis 

Post-Test 

Listening Comprehension 

concept Development 

Verbal Analogies 

Spatial Relations 

Analysis-synthesis 

8/93 

8/93 

8/93 

Date 

5/94 

5/94 

5/94 

5/94 

5/94 

Method of Analysis: I: Mean scores will be determined for 

each of the five subtests, in order that one sample ~ tests 

may be conducted. 
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Administration and Analysis of Novel Problem Solving Tasks 

The Novel Problem Solving Tasks a set of thinking activities that could be expected to occur in the 
classroom. The goal of these measures was to see whether students could independently apply newly 
learned metacognitive skills to to other contexts. 

Actiyities Utilized and Dates Administered: 

TRANSPER 

Pre-Measures Date Post-Measures Date 

Birthday Surprise 9/30/93 Careful Notes 1/21/94 

Meeting in the Quarry 10/26/93 Newton's Club Meeting 2/21/94 

Pickle Riddle 11/23//93 Waldo the Word Magician 2/23/94 

Bibbit 12/9/93 Bang 3/3/94 

Shiner 12/16/93 Eyzl 4/4/94 

SCHEMA USAGE 

Perspective-1 9/23/93 Perspective-2 1/13/94 

Analogy 1 (A,R) 9/27/93 Analogy 2 (A, R) 1/20/94 

Squig.,Tig.,& Zares (C) 10/15/93 Zoo on Planet Woo 2/1/94 ...... 
w 
...... 

Shapes Alike (R) 10/12/93 Shapes Relate (R) 2/14/94 



Jayzels (Pa) 11/3/93 Notaddels (Pa) 3/1/94 

Incomplete Pairs (A,R) 11/15/93 Analogy 3 (A, R) 3/8/94 

Pict/Fig. Anal. L-1(A,C) 11/16/93 Pict/Anal.L-2 (A,C) 4/11/94 

Pict/Fig. Anal. L-6(A,C) 11/30/93 Pict/Fig. Anal. L-7(A,C) 4/18/94 

STRATBGY DEVELOPMENT 

A Crowd of Cows 9/14/93 The Prisoner 1/4/94 

Mystery of Missing Fish 9/16/93 The Brave Clown 1/6/94 

The Stuck Truck 9/21/93 How Many Carnations? 1/11/94 

Money Problem 1-2 10/8/93 Money Problem 3-4 2/8/94 

Ping Pong and Biggie 10/21/93 Camp Out 2/16/94 

Becky's Ride 11/22/93 Norris Family Problem 3/15/94 

The Hungry Rabbit 12/6/93 Nick's Problem 3/3/94 

(R - relationships; C - characteristics; Pa - patterns; A - analogies; Pe - perspective) 

....... 
w 

'" 



Method of Analysis: 

Transfer and Schema Activities: 

Mean pre and post test measures will be determined in order that a one sample t test may be 

conducted. 

Strategy Development Activities: 

For the purposes of this research an adapted version of the scoring rubric designed for the 

Arizona Skills Assessment Program (ASAP) for reading comprehension and math problem solving will be 

used as the scoring instrument for assessment of written strategies. Mean composite scores of pre and 

post measures will be determined in order that a one sample t test may be conducted. 

The following is a set of the actual instruments used for each of the above. 

....... 
LV 
W 
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Birthday Surprise 
In each set of sentences below. find the secret word that "surprise" replaces. It 
replaces the same word in all four sentences of a set. However. the secret word 
is different for each set. After you decode the three secret words. discover the 
birthday surprise by completing the sentence at the bottom of the page. 

Set One 

1. We picked up our airplane "surprise" an hour before the flight. 

2. I received a parking "surprise" for parking in a no-parking zone. 

3. Did you save your "surprise" stub from the movie? 

4. I could not get a "surprise" for the play. 

surprise = ______________ _ 

Set Two 

1. At the party. everyone had a "surprise." 

2. The seal balanced the red "surprise" for almost a minute. 

3. The committee organized a charity "surprise" to raise money. 

4. J made the snowman's head the size of a bowling "surprise." 

surprise = ______________ _ 

Set Three 

1. Ten people were photographing "surprise" on the Jungle safari. 

2. The "surprise" was called off because of rain. 

3. "Crazy eights" is my favorite card "surprise." 

4. Chess Is a difficult "surprise" to master. 

surprise = ______________ _ 

The birthday surprise: 

is _______ to the 

(set one) (5etTwo) (5etThree) 

Name _________________________ _ 
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Meeting in the Quarry 
In each set of sentences below. find the secret word that "quarry" replaces. It 
replaces the same word in all four sentences of a set. However. the secret word 
is different for each set. After you decode the three secret words. discover the 
meeting place of the backpacking club by completing the sentence at the 
bottom of the page. 

Set One 

t. The hypnotist put the audience "quarry" hypnosis. 

2. The dog buried his bone "quarry" the house. 

3. I get nervous when deadlines put me "quarry" pressure. 

4. It's bad luck to walk "quarry" ladders. 

quany = ______________________________ _ 

Set Two 

t. I can skip a "quany" on the water. 

2. I love listening to "quany" and roll. 

3. Don't "quany" the boat; we might fall in the water. 

4. This stale bread is hard as a "quany." 

quany = ______________________________ _ 

Set Three 

t. In a week you can "quany" a package from Montana to New York. 

2. We want to "quarry" the box across the country. 

3. There are ten lifeboats on board In case the "quany" sinks. 

4. They sailed across the Atlantic Ocean on a cruise "quany." 

quany = ____________________________ ___ 

The backpacking club meeting place: 

________ the _______ shaped like a ______ _ 

(set one) (Set Two) (Set Three) 

Name ________________________________________________ _ 
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Pickle Riddle 
In each set of sentences below. find the secret word that "pickle" replaces. it 
replaces the same word In all four sentences of a set However. the secret word 
is different for each set After you decode the three secret words. discover what 
Aunt Betty wants you to do while she is on vacation by completing the 
sentence at the bottom of the page. 

Set One 

1. John and Lynn use "pickle" to wash their dog. 

2. Every three days. Henry would "pickle" the flowers. 

3. "Pickle" in the ocean has a high salt content 

4. Joe asked for a drink of "pickle." 

pickle = _______________ _ 

Set Two 

1. Tom's mother was elected to the "Pickle" of Representatives. 

2. Elaine's theater group played to a full "pickle." 

3. After school. Doug went to Bill's "pickle" to borrow a book. 

4. We have the prettiest "pickle" on the block." 

pickle = _____________________ _ 

Set Three 

1. Aunt Gilda bought a flowering "pickle" for her backyard. 

2. Agent Zlegfried was ordered to "pickle" a microphone on an enemy agent 

3. Robin works at an automobile "pickle." 

4. Francine wants to "pickle" a vegetable garden this spring. 

pickle = ________________ _ 

Your job while Aunt Betty Is on vacation: 

______ the ____________ _ 

(Set One) (Set Two) (Set Three) 

Name _____________________________ __ 
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"Bibbit" 

A "Bibbit" grows from a seed. The "Bibbit" breathes in 

carbon dioxide. The "Bibbit" puts oxygen into the air. A 

"Bibbit" needs chlorophyl and sunlight for photosynthesis. 

All "Bibbits" are part green. Some animals live in a 

"Bibbit" 

There are many different kinds of "Bibbits". Depending on 

the climate, some "Bibbits" only grow in certain parts of the 

country. 

All "Bibbits" need a stem for support. Roots t~ke in 

necessary water for the "Bibbit". The water is transported 

up the stem of the "Bibbit". The stem of most "Bibbits" have 

bark. A "Bibbit" sometimes grows very tall. When a 

"Bibbits" stem is cut you can see rings. A person can 

count the rings of the "Bibbit". The number of rings in a 

"Bibbit" is its age. A "Bibbit" is the largest living thing 

on earth. 

"Bibbit" = 
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Careful Notes 
In each set of sentences below. find the secret word that "note" replaces. It 
replaces the same word in all four sentences of a set However. the secret word 
is different for each set After you decode the three secret words, discover how 
a musician can create a sad mood by completing the sentence at the bottom 
of the page. 

Set One 

1. Susan and Joey acted in the school "note." 

2. Let's "note" a game of hide and seek. 

3. What game shall we "note" at recess? 

4. A double meaning is i!I "note" on words. 

no~ = ________________________________ __ 

Set Two 

1. It was a "note" infraction of the rules. 

2. She can't vote because she's still a "note." 

3. My brother Andy played "no~" league baseball. 

4. It was a "note" injury; all It needed was a small bandage. 

note = ______________________________ _ 

Set Three 

1. The map had a "note". to explain what the symbols meant 

2. The "note" to success is hard work. 

3. Dad had an extra "note" made for the car. 

4. Chris's piano needed to have a chipped "note" replaced. 

note = __________________________ __ 

A musician's way to create a sad mood: 

_______ in i!I _______ -------

(SeIOne) (Sel Two) (SeITh'"' 

Name ______________________________________ __ 
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"Shiner" 

"Shiner" is the Greek word for 'wanderer'. A "Shiner" 

is found in space. All "Shiners" are different sizes. Each 

"Shiner" has the name of a Roman god or goddess. Ancient 

people believed they lived on a flat "Shiner". Galileo and 

Copernicus got in trouble telling people that "Shiners" 

traveled. 

All "Shiners" spin on an axis. Most "Shiners". have some 

type of air. "Shiners" are made up of different types of 

minerals. Some "Shiners" have rings. Some "Shiners" have 

moons. All "Shiners" travel in an orbit around the sun. 

"Shiner" = 

• I • 
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Newton's Club Meeting 
In each set of 'sentences below, find the secret word that "juggle" replaces. It 
replaces the same word in all four sentences of a set. However, the secret word 
is different for each set After you decode the three secret words, discover the 
new club meeting place by completing the sentence at the bottom of the page. 

Set One 

1. Did Mom "juggle" the car in the driveway? 

2. Everyone left the "juggle" after the ball game. 

3. The bus will "juggle" behind the museum. 

4. Every national "juggle" is open to the public. 

juggle = ______________ _ 

Set Two 

1. A "juggle" a day keeps the doctor away. 

2. We ate "juggle" pie for dessert. 

3. Aunt Sally made homemade "juggle" sauce. 

4. There was a worm in Joe's "juggle." 

juggle = ______________ _ 

Set Three 

1. The club met in the "juggle" house. 

2. My cousin made a family "juggle." 

3. TIle kids down the block dared me to climb up a "juggle." 

4. The bird's nest was high up in the "juggle." 

juggle = ______________ _ 

The new club meeting place: 

At the ___ . ___ behind the 

(SeIOne) (SeITwo) (Sel Three) 

Name ______________________________________________ _ 
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Waldo the Word Magician 
In each set of sentences below. find the secret word that "magic" replaces. It 
replaces the same word in all four sentences of a set. However. the secret word 
is different for each set. After you decode the three secret words. discover the 
magician's command by completing the sentence at the bottom of the page. 

Set One 

1. When someone is in trouble. give a helping "magic." 

2. Ron's mother asked him to "magic" her ~ wrench. 

3. Gina throws a ball with her left "magic." 

4. If you know the answer to a question. raise your "magic." 

magic = ____________ ..,.-__ _ 

Set Two 

1. The plane new "magic" the city of Los Angeles. 

2. When the show was "magic." the audience applauded. 

3. I like to pour milk "magic" my cereal. 

4. Put the scarf "magic" your shoulders. 

magic = _______________ _ 

Set Three 

1. You must wear a hard "magic" at construction sites. 

2. A "magic" can prevent you from catching a winter cold. 

3. The "magic" rack is in the hall. 

4. I saw a magician pull a rabbit out of his "magic." 

magic = _______________ _ 

The magician commanded: 

_______ ~ ______ the magiclan's ______ _ 

(SeIOne) (SeITwo) (Sel Three) 

Name ___________________________ __ 



142 

"Bang" 

"Bang" can cause objects to move. A "Bang" produces 

force. Lightening has "Bang" in it. "Bang" has particles 

called charges. You can have a static "Bang", and it can make 

your hair stand on end. 

"Bang" can be loose or travel in a path. Some "Bang" 

charges are opposite and repel each other. "Bang" likes to 

travel in conductors. Sometimes "Bang" travels in a parallel 

circuit, and sometimes "Bang" travels in a series circuit. 

"Bang" is the flow of negative charges or electrons. 

"Bang" = 
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"Eyzl" 

.An "Eyzl" is a big muscle. .An "Eyzl" is full of liquid . 

.An "Eyzl" is made up of four parts. The "Eyzl" pumps plasma 

plus cells. Hard work makes your "Eyzl" stronger. Each time 

your "Eyzl" squeezes it creates a pulse. The "Eyzl" is 

really two pumps in one. A doctor will check your "Eyzl" 

beat. .An "Eyzl" is the engine of the circulatory system. 

"Eyzl" = 



Perspective 1 Name __________________ _ 

Study the first two cubes. They show how the same cube would look if it were 

seen from a different perspective. In each picture study the cubes carefully. 

Then fill in the missing letters the way they would be shown if the cube were 

seen from a different perspective. The same three sides are visible on all 

cubes. 

144 
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Analogy 1 
Name ________________ _ 

1. Solar system is to galaxy as city is to 

a. boundaries b. county c. court house d. sun 

2. Zoologist is to lion as botanist is to 

a. fern b. plant c. roots d. laboratory 

3. is to yard as liter is to quart. 

a. measurement b. distance c. meter d. pound 

4. Car is to road as train is to 

a. engine b. track c. path d. passenger 

5. Morsel is to food as is to drink. 

a. pour b. sip c. thirst d. milk 

6. Pump is to water as heart is to 

7. Letter is to writing as telephone is to 

8. Lungs are to air as gills are to 

9. Pupil is to eye as drum is to 

10. Fish is to barracuda as bird is to 



Squiggles, Tiggles, and Zares 
As a zoologist on the planet Bruto. you are trying to classify the animals you 
come across. One of the inhabitants tells you about three types of animals. 

A Squiggle is any animal with at least two eyes. 
A Tiggle is any Squiggle with a beard. 
A Zare is any animal with a beard that is not a Squiggle. 

Classify the animals below. Write your answers in the spaces provided. 
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a. ________________ _ b. ______________ __ c. ________________ __ 

d. ______________ __ e. ________________ _ 

Circle the correct answer: 

Can you draw a Squiggle that is not a Tiggle? 

Can you draw a Tiggle that is not a Squiggle? 

t ______________ _ 

Yes 

Yes 

No 

No 

Nome ________________________________________________ _ 



Shapes Alike 
Choose the pair of shapes that best completes each sentence. 
Then write the letter of the correct pair in the space. 

1. 0 is like 0 in the same way that --__ 

a. 0 is like D b. D is like 0 c. D is like 0 

2. 0 is like D in the same way that ----
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a. D is like 0 b. 0 is like 0 c. 0 is like 0 
3. 0 is like 6 in the ~ame way that ---

a'Dis IikeV b. 0 is like A c·O is likeD 

4. DO is like ~ in the same way that ___ _ 

a.~islike8 b·DDislike~ c. ~islike~ 

~. CD is like e in the same way that ---

a. 0 is like E9 b. CD is like E3 c. ffi is like CD 
Name __________________________________ __ 
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Lesson 2 Relationships 

Name ________________________ _ 

Use your reasoning ability to find out what a jayzel Is.· 

These are jayzels. 

610 • 

These are not jayzels. 

o • • 

Circle the things In this group that are jayzels. 

o 4. 3. 1. 

5. 6. o 7. il:? 8. 

9. 10. 11. 12. @ 

Describe the characteristics that make something a jayzel. 
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Incomplete Pairs 
Each sentence below should contain two pairs of words. but one word is 
missing. Think about the relationship of the first pair of words. The second pair 
of words should have the same relationship as the first pair. Choose the word 
that best completes the sentence and write it in the blank. 

1. Dark is to light as quiet is to _______________ _ 

silence color music noisy 

2. Bed is to bedroom as oven is to ______________ _ 

porch kitchen cooking eating 

3. Horse is to rider as car is to _______________ _ 

driver gas saddle tires 

4. Spots are to leopards as stripes are to ___________ _ 

dalmations zebras white lines 

5. Notes are to music as letters are to ____________ _ 

read writing song creative 

6. Day is to noon as night is to _______________ _ 

sunset midnight sleeping darkness 

7. Wire is to electricity as pipe is to _____________ _ 

plumber wrench plumbing water 

8. Petal is to flower as finger is to ______________ _ 

toe fingemail thumb hand 

9. Hot is to bum as cold is to _______________ _ 

(reeze ice temperature sledding 

10. Camera is to photographer as stethoscope is to ________ _ 

listening doctor X-ray florist 

Name _______________ ~ __________ _ 
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. Lesson 1 Pictorial and Figural AnalogIes 

Name __________________________ __ 

Analogies are comparisons between two things. They pOint out the ways that the two 
things are similar. Finish the following. analogies by choosing the set of pictures that best 
completes the comparison. Write the correct letter on the line. 

_1. * is like * as _2. l' is like '" 
a. D is like 0 a. ~ is like ~ 
b. L Is like D b. e is like CD 
c. 6 is like 0 c. CU is like [1 

_3. 8 Is like EB as _4. 00 is like G 
a. EEl is like rn a. 0 is like [J . . 

b. rn is like EEl b. © is like ® 
c. EEl is like ~ c. 60 is like @ 

_5. 0 is like g as _6. EE is like 0 

a. ~ is like 6' a. EB is like a 

b. 0 Is like D . . b. EEl is like ~ 

I c. E9 is like 0 c. ~ is like ~ 

as 

as 

as 

-
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Lesson 6 Pictorial and FIgural Analogies 

Name ______________________ ___ 

Analogies are comparisons between two things. They compare features that are 
not always obvious. Finish the following analogies by choosing the set of 
pictures or figures that best completes each sentence. Write the correct letter 
on the line. 

__ 1. B=:>D Is like E'=IG as __ 2. .~ is like ~ 

a. 3FG is like ~ IH a. ~ is like e 
b. ACE is like FHJ b. ~ Is like ~ 
c. IS.3 is like 4!& c. B is like [%] 

__ 3. D is like 0 as __ 4. DO is like C 

as 

as 

a. ~ Is like • a. o o Is like 00 
b. c::J Is like 0 b. 6* is like & 
c. 0 Is like 0 c. ~O is like © 

__ 5. 0 is like • as __ 6. ~ Is like cD as 

a. L is like L1 a. 93 Is like fP 
b. D is like EE b. cB is like ca 
c. ( ) Is like - c. lb Is like L 

I 

I 



Perspective 2 Name, ______________ __ 

Study the first two cubes. They show how the same cube would look if it 

were seen from a different perspective. In each picture study the cubes 

carefully. Then fill in the missing letters the way they would be shown if the 

cube were seen from a different perspective. The same three sides are visible 

on all cubes. 

152 



· ."" 

153 

Analogy 2 
Name __________________ __ 

1. Horse is to colt as sheep is to 

2. Rabbit is to bunny as bobcat is to 

3. Herd is to cattle as is to bees. 

4. Covey is to quail as colony is to 

5. Hog is to piglet as tiger is to 

Antonyms 

6. Back is to as close is to open. 

7. Large is to small as above is to 

8. is to hard as hard is to soft. 

9. Beautiful is to ugly as _______________ is to sad. 

10. Narrow is to ____________ ~as thin is to thick. 
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The Zoo on Planet Woo 
Can you identify these rare animals from the zoo on planet Woo? 
The zookeeper has identified the first one for you. 

A Scoo is any animal that has more than two eyes. 
Put a circle around all Scoos. 

A Frooch is any animal that has at least one horn. 
Put a triangle around all Frooches. 

A Ploom is any animal that does not have a beard. 
Put a square around all Plooms. 

~~ __________ ~ 2. 3. 

5. 6. 

Just for fun, draw a Scoo Frooch Ploom on the back of this page! 

Nome ________________________________________ __ 
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Shapes Relate 
Choose the" shape that best completes each sentence. Then write 
the letter of the correct shape in the space. 

1. 6 is likMn the same way that 0 is like __ _ 

a·D b.C] c·o d.Q 

2. 0 is like 0 in the same way that 0 is like __ _ 

a·O b·O c·o d·D 

3. ~ is like A in the same way that ~ is like __ _ 

a.r1D b·A c·A d.Cj 

4.? is like /in the same way that t is like ---

50101 is like © in the same way that h:" is like __ _ 

ao@ bo© Co~ do@) 
Name ___________________________________ __ 



156 

Name ________________________ _ 

Use your reasoning ability to find out what a notaddel is. 

These are notaddels. 

o 
These are not notaddels. 

Circle the things in this group that are notaddels. 1'0/ 2. ~ 3.~ 

5. o 7. 8. 

9. 10. 11. 12. ¢ 

Describe the characteristics that make something a notaddel. 



,"1 . 
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Analogy 3 Name 

Synonyms 

1. Moist is to damp as easy is to 

2. Timid is to shy as is to mild. 

3. Close is to as odor is to smell. 

4. Pain is to ache as is to fearless. 

5. Full is to empty as is to depart. 

Antonyms 

6. Poor is to as false is to true. 

7. is to late as leave is to stay. 

8. Clean is to as deep is to shallow. 

9. is to spend as wise is to foolish. 

10. Crooked is to as worst is to best. 
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Name __________________________ _ 

Finish the following analogies by choosing the set of pictures that best completes each 
comparison. Write the correct leiter on the line. 

_1. 0 is like 0 as _2. 0 is like • as 

a. Lt is like LJ a. • is like D 
b. D is like ~ b. D is like 

c. ~ is like D c. 0 is like • 
_3. 0 is like as __ 4. 0 is like § as 

a. 0 is like a. D is like ~ • • 

b. 0 is like [J b. 0 is like 0 
c. 0 is like 0 c. 6 is like ~ 

_5. ( ) is like 0 as _6. [L is like j] as 

a. D is like D a. B is like fIl 
b. 6 is like ~ b. ~ is like ~ 
c. 0 is like 0 c. D is like V 



I 
i 
I 
I 
I 

: 

I 

I 
I 
I 

I 
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Name ______________________ __ 

Finish the following analogies by choosing the set of pictures or figures that 
best completes each sentence. 

__ 1. o Is like 0 as __ 2. o is like t::::J as 

a. 0 is like 5 a. D is like 0 
b. 0 is like b. t6 is like ~~ 
c. 0 is like [I] c. 0 is like EB 

__ 3. 0 is like 0 as __ 4. C ) is like 0 as 

a. D is like \J a. I I is like 0 
El OJ D b. is like b. is like I'~la ~:.~~ 

E9 ~ 0 is like ( ) is like c. c. 

__ 5. ~ is like @ as __ 6. 0 is like EB as 

a. [ZS] is like A a. ~ is like 0 
b. [SJ is like g b. D is like (11 
c. f1 is like ~ c. 6 is like A 

I 
I 
I 

I 
! 
i 
! 
I 

I 
I 
I 

I 

I 
I 

I 
I 
I . 
I 
! 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

... 
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Analogy 4 Name ________________ __ 

1. Batch is to cookie as orchard is to 

2. Mouse is to ________________ as deer is to deer. 

3. Paper is to tree as cider is to 

4. Crystal is to transparent as duckling is to 
• 

5. Tentacle is to octopus as mirror is to 

6. Tadpole is to frog as larva is to 

7. School is to education as court is to 

8. Ivory is to elephant as _________________ is to oyster. 

9. Rose is fragrant as knife is to 

10. Metamorphosis is to change as respire is to 



A crowd of cows 
If you were to see a cow in front of two cows, 
a cow behind two cows, and a cow between 
two cows, how many cows would you see 
altogether? 
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The mystery of 
the missing fish 
Two fathers and two sons went fishing. Each 
caught one- fish. However, only three fish 
were caught. How was this possible? 

The stuck truck 
A large truck was stuck in an underpass. The 
underpass was exactly as high as the truck. 
When the driver had tried to get through, the 
truck had become wedged tight. It couldn't go 
backw'ard or forward. Traffic was piling up 
behind it. 

Then, a little boy walked up to the 
truckdriver and made a suggestion. In a few 
minutes. the truck was no longer stuck in the 
underpass. What did the boy tell the driver? 

162 
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Money Problem 
Name __________________ _ 

1. You have 5 coins. The value of the coins is 18c. How 

many do you 

lc 

have of each coin? 

5c 10c 25c 50c 

= 18c 

2. You have a dozen coins. The value of the 12 coins is 

67c. How many do you have of each? 

lc 5c 10c 25c 50c 

= 67c 



The Ping-Pong 
and the Biggie 
Explorers from earth landed on a far-off 
planet. They were amazed to find that all the 
creatures on the planet were shaped like balls! 
These creatures couldn't bounce, but they 
could move by rolling. 

The smartest creatures were about the size 
of a ping-pong ball. The earth people called 
them "Ping-Pongs." There was another kind of 
crel'.ture that was ten times bigger than a 
Ping-Pong.' The earth people called these 
things "Biggies." They noticed that anytime a 
Biggie saw a Ping-Pong, the Biggie would try 
to roll over the little Ping-Pong and crush it! 

The earth people built a small, one-room 
hut to live in while they were on the planet. 
When they left the planet, they left this hut 
empty, with the door open. 

One day, a Ping-Pong came rolling into the 
hut. It was amazed by the square room with 
the four sharp corners. Ping-~ongs had never 
imagined such a thing. 

Suddenly, a Biggie came rolling into the 
hut. It was between the Ping-Pong and the 
door-the only way out. The Ping-Pong was 
trapped! The Biggie rolled toward it! 

But the Ping-Pong was clever. It found a 
way to keep the Biggie from rolling over it. 
What did the Ping-Pong do? 
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Becky's Ride Name ________________ __ 

Becky either rides her bike to school or her dad drives 

her. When Becky left for school it was cloudy, and her dad 

was washing the car. How did Becky get to school? 



The hungry rabbit 
A rabbit was making a long journey across a 
plain. Tber.e was absolutely nothing on the 
plain for her to eat. By the time she was 

halfway across, she was sta:rving. She was 
much too weak to keep going. 

However, halfway across the plain there 

was a small house. The owner of the house 
was a cabbage fanner. In the yard next to the 
house was a big pile of cabbages. They were 
surrounded by a square fence. 

The rabbit had to eat or she would soon die. 
She was thin enough to squeeze through the 
fence and get to the cabbages. But if she went 
into the enclosure and ate as much as she 
needed, she would be too fat to get back out. 
The farmer would probably kill her. And the 
cabbages were all too big to be pushed 
through the fence to the outside. 

What can the rabbit do? 
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The prisoner 
Pietro, the brave young leader of the rebels, 
had been captured by the soldiers of the 
wicked Duke Malvolio. They took him to the 
castle and put him into the dungeon. 

"Tomorrow moming, the Duke will have 
you hanged," said the captain of the soldiers. 
Then, grinning wickedly, he slammed the 
heavy wooden door and locked it. 

Young Pietro looked around the empty cell. 
It was square, with walls and ceiling made of 
stone. The floor was bare earth. In one wall 
there was a narrow window. Pietro thought .' 
he could squeeze through the window if he 
could reach it. But it was so high up that he 
couldn't reach it even by jumping. 

Pietro was in despair. Tomorrow he was to 
die, and there seemed no way to escape! 

Suddenly, he threw himself down on the 
floor and began to dig in the dirt with his 
hands. He had thought of a way to escape 
through the window by digging a hole in the 
floor! Do you lmow what he planned to do? 
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The brave clown 
The guard at the bridge looked surprised. 
Then he smiled. Walking down the road carne 
a chubby clown, juggling three colored balls! 

Then the guard stopped smiling. He saw 
that the clown intended to cross the bridge. 

"Wait!" he said. "How much do you weigh?" 
·"Vhy, exactly 198 pounds (89.10 kilograms) 

with my costume on," answered the clown. 
The guard felt one of the colored balls. 

"This weighs at least a pound (0.45 kg)," he 
said. USo you and the balls together weigh 201 
pounds (90.45 kg)." He shook his head. "I'm 
sorry. but you can't cross the bridge." 

·~Vhy not?" asked the clown in wonder. 
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"Because the bridge will hold only 200 
pounds (90 kg)," said the guard. "Any more 
than that and it will collapse. You would fall to 
your death in the deep canyon! That's why I'm 
here-to make sure that no one who's too 
heavy tries to cross the bridge." 

"I've got to cross," said the clown. "My 
circus act starts in a few minutes! I must 
hurry!" 

"Leave the balls behind." 
The clown shook his head. III can't. I need 

them for my act." 
Suddenly, the clown smiled. "I know how I 

can do it," he exclaimed. 
How did the clown cross the bridge safely? 
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How many carnations? 
Wilfred McDoodle was color blind. Red and 
green both looked gray to him. 

WIlfred got a job working for a florist. One 
day, when he was all alone in the store, a lady 
came in and wanted to buy either two red or 
two green carnations. She didn't care which 
color they were so long as they were both the 
same. 

Wllfred knew there were a dozen red 
carnations and a dozen green carnations all 
mixed together in the refrigerator in the back 
room of the store. But the red and green 
carnations all looked the same to him. Would 
he have to bring all two dozen carnations so 
the lady could pick out two of the same color? 

What is the smallest number of carnations 
Wilfred would have to bring back to be sure 
of having two of the same color? 
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Money Problem Name __________________ ___ 

3. You have 9 coins. You have twice as many dimes as 

nickles. The value of the coins is $1.50. How many do you 

have of each? 

lc 5c 10c 25c 50c 

= $1. 50 

4. You have twice as many dimes as nickles, and three times 

as many quarters as dimes. The value of the coins is $3.45. 

How many do you have of each? 

lc 5c 10c 25c 50c 

= $3.45 
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Norris Family Problem Name __________________ __ 

In the Norris household, arguments over which T.V. channel 

to watch are settled by a vote. The choice is between 

cartoons on Channel 3, and a western on Channel 5. Mother 

voted for one channel and father voted for the other channel. 

Janet likes cartoons but voted for Channel 5 anyway. Ned 

voted for Channel 3 but his brother John did not. Which 

channel was chosen? 
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Camp-Out 
Six friends went backpacking. Read the clues below to figure out which 
sleeping bag belongs to whom. Then write the name of each camper next to 
the correct bag. 

Clues 

1. Bruce and Walter are brothers, and are sleeping as far away from each 
other as possible. 

2. Peter is next to Paul, but not next to Allen. 

3. Allen is playing cards with Walter, who is closest to the logs. 

4. Peter is a good friend of Bruce, but is not sleeping next to him. 

5. Mark is next to Peter, but not next to Bruce. 

f. _____ _ 

8. _____ _ 

b. _____ _ 

c. _____ _ d. _____ _ 

Name _______________________________________ _ 
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Nick's Problem Name ________________ __ 

Nick's mother had to work late. She called and asked 

Nick to fix the four T.V. dinners in the freezer for himself, 

his brother and his two sisters. There were two burrito 

dinners, a fried chicken dinner, and a spaghetti dinner. 

Nick fixed a burrito dinner for himself. The he had to 

decide which one to give his brother and sisters. His 

brother Jose would not eat chicken, and Nick did not give him 

spaghetti because he makes a big mess with it. His sister 

Mary would eat anything, his other sister Salina would not 

eat spaghetti because she thought they were white worms. 

What did Jose eat? 

What did Mary eat? 

What did Salina eat? 
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RUBRICS 

Rubrics used for scoring the reading, mathematical, and 

writing sections of student work for this research were a 

modified from rubrics used for scoring the Arizona Skills 

Assessment Program (ASAP). 



SCORIRG RUBRICS FOR 

IlETACOGRITIVE SKILLS 

RUBRICS FOR SCORIRG 'I'RAIfSFER IIEAS1JRE 

READIIIG RUBRIC 

Reading passages were scored using the following rubric. 
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A 4 response is complex1 and demonstrates a through 

understanding and interpretation of the problem. There 

is considerable evidence of extension in the text, such 

as connection to other contexts, experiences, 

abstractions and/or generalizations. All elements of 

the question are addressed in the response. 

1 Complexity represents the degree to which a reader is able to construct a response 

integrating information from more than one source. Possible sources may include 

information from different places in the text, the reader's own personal experience or 

prior knowledge, and other texts and information source. 
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A 3 response demonstrates an adequate understanding of 

the problem. There is evidence of understanding both 

the gist and specific parts of the problem. The text is 

not as complex1 as a 4 response. It may include 

minimal extensions, such as connections to other 

contexts, experiences, abstractions and/or 

generalizations. All elements of the question are 

addressed in the response. 

A 2 response demonstrates some, but limited, 

understanding of the problem. There is some evidence 

for understanding of the gist and/or specific parts of 

the problem. These responses may contain minimal 

elements of inaccurate, incomplete, or unfocused 

comprehension. Few elements of the question are 

addressed in the response. 

In a 1 response there may be some attention to minor 

details of the problem, but there is little evidence of 

constructing understanding of the problem. There are 

likely to be inaccurate, incomplete, irrelevant or 

incoherent statements. No elements of the question are 

addressed in the response. 



178 

Assign a 0 if the student has failed to attempt to solve 

the problem, response is off topic or answered in an 

offensive or inappropriate manner. 
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1IA'l'H RUBRIC 

Bath activities were scored using the following rubric. 

A .. response represents an effective solution. It shows 

complete understanding of the problem, thoroughly 

addresses all points relevant to the solution, shows 

logical reasoning and valid conclusions, communicates 

effectively and clearly through writing or diagrams, and 

includes adequate and correct computations and/or set 

up. It may contain insignificant errors that do not 

interfere with the completeness or reasonableness of the 

student's response. 

A 3 response contains minor flaws. Although it shows an 

understanding of the problem, communicates adequately 

through writing and/or diagrams, and generally reaches 

reasonable conclusions, it shows minor flaws in 

reasoning and/or computation or neglects to address some 

aspect of the problem. 

A 2 response shows gaps in understanding or execution. 

It shows one or combination of the following flaws: an 
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incomplete understanding of the problem, failure to 

address some aspects of the problem, faulty reasoning, 

weak conclusions, unclear communication in writing 

and/or diagrams, or a poor understanding of relevant 

mathematical procedures or concepts. 

A 1 response shows some effort beyond restating the 

problem or copying given data. It shows some 

combination of the following flaws: little understanding 

of the problem, failure to address most aspects of the 

problem, major flaws in reasoning that lead to invalid 

conclusions, or a lack of relevant understanding of 

relevant mathematical concepts and procedures. 

Assign a 0 if the response shows no mathematical 

understanding of the problem or if the student has 

failed to respond to the item. 



(Swanson, 1993) 

APPENDIX C 

METACOGNITIVE QUESTIONNAIRE 
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Ketacognitive Questionnaire (Swanson, 1993) 

Ouestion Cateaories Date 

Knowledge of Problem Solving 5/94 

Knowledge of Person Variables 5/94 

Knowledge of Reading Strategies 5/94 

Knowledge of Task Awareness 5/94 

Method of Analysis: Two groups of students will participate in answering questions 

from the questionnaire: 1) HOTS students and 2) non-HOTS Chapter 1 students (control group) . 

The questionnaire will be scored according to the scoring guide developed by Dr. H. Lee 

Swanson. Total mean scores across categories for grade level and groups (HOTS and non-HOTS) 

will be determined in order that an independent t test may be performed. 
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UNIVERSITY OF CALIFORNIA, RIVERSIDE 

April 7, 1994 

Ms. Mary Ann Danner 
8201 N. Wanda Road 
Tucson, Arizona 85704 

Dear Ms. Danner: 

School of EducatiDn 
Riveraide. CallrDrnia 92521 
(9091 787-G228 
FAX: (9091787-3942 

Thank you for your interest in my paper on the relationship between metacognition 
and analogical reasoning. I am including the questionnaire related to the study that was 
published in the Journal of EducDlional Psychology in 1990. I am including a copy of that 
article as well as the coding response form. Also included is an article we did on 
metacognition that uses a multiple choice questionnaire which was published by Marcy 
Trahan and myself in LDRP. If you decide to use the complete scoring guide, please let me 
know what you find out. Alice Corkill has adapted the scoring guide for adults and she is at 
the University of Nevada, Department of Special Education, Las Vegas, Nevada. 

Sincerely, 

'~~ .~-l!J J.w~J~ 
H. Lee Swanson, Editor 
Learning Disability Quanerly 

HLS:km 

Enclosures 
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Dr. H.L. Swanson 
School of Education 
University of Arizona 
Riverside, CA 92521 

Dear Dr. Swanson: 

8201 N. Wanda Road 
Tucson, Arizona 85704 
March 31, 1994 

Recently I read an informative research article written by you entitled "An Information 
Processing Analysis of Learning Disabled Children's Problem Solving". This anic1e was 
featUred in the American Educational Research Journal, Wimer 1993, Vol. 30. No.4, pp. 
861-893. 

Included in this article was a copy of the Metacognitive Questionnaire used in the 
research you conducted. The article stated on page 869 that a complete scoring guide could 
be obtained from you, which I would like to obtain. 

Currently, I am a doctoral student under Dr. Stanley Pogrow at the University of 
Arizona. My dissertation focuses on higher order thinking stills as they are taught in the 
Higher Order Thinking Skills (HOTS) program developed by Dr. Pogrow. 

I would appreciate it if I could gain your permission to use your questionnaire and 
scoring guide as one means of gathering student data for my dissertation research. 

Thank you for your time and effort in my behalf. Am looking forward to hearing from 
you. 

cc: Dr. Stanley Pogrow 
(602) 621-1305 

Sincerely, 

~a....t.A..f tL--' ~/ 
Mary Ann Danner 
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1. 

Rating 

5 

4 

3 

2 

1 

o 

OUESTIOIIS AltO RESPOIfSES FROII TIlE IlETACOOlIITIYE 
OUESTIOIIRAIRE (Swanson, 1993) 

What makes someone really smart? 

Concept (internal to external processes) 

Statement about a mental or cognitive component 
( e . g., memory). 

a) Statement about a strategy (study, practice) 
The response must be activity oriented or focus 
on a task, 
~ 

b) Statements about attribution. 

Statement reiated to having more knowledge or 
inate ability. 

Statement about somebody or something else 
as a source of smartness (teachers, schools, 
books). 

Statement about successful classroom performance. 

None of the above responses. 

Examples 

"Remembering and paying 
attention," 
"How they think" 

"You get smart by learning 
studying" 

"They go to school" 
"By reading well" 
"They try harder" 

"The knowledge they have" 
"The skills they have" 
"They have brains" 

"If teachers teach them .. " 

"Get good grades" 

I-' 
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Rating 

5 

4 

3 

2 
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o 
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The other day I talked to a boy(or girl) who was really good at solving 
problems. Then I asked him(or her) if he(or she) was a good reader. What do 
you think he (or she) said? Why? 

Concept 

Statement related to diversified skills and 
specific expertise. 

Statement about needing reading skills to problem 
solve, but not a critical ingredient to problem 
solving. 

Statement about smartness being equivalent or 
associated with reading. 

Affirmative statement about being a good reader 
but no clear rationale provided. 

None of the above categories. 

Irrelevant or I don't know response. 

Examples 

"He was an ok reader-
maybe he--be good at one 
thing and not another" 
"reading has little to do 
with problem solving ... 
don't have to read to 
solve problems" 

"You read sometimes to 
figure out things, but 
not always" 

"If he's smart, then 
he's a good reader" 

"He's a good reader" 

None of the above categories is a logical response on the child's part, but ~ 
cannot be classified. Usually refers to some variable in the environment, ~ 
external to the child's thinking. 
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One day I asked Jim to read a detective story to solve a murder. The book 
was 100 pages long. Tom read a mystery too, that was 50 pages long. Which 
boy had the most difficulty finding out who committed the murder. Do you 
think one of the boys was more correct than another in solving the mystery? 
Why? 

Concept 

Statement about the complexity of the story 
being a critical variable. 

Examples 

"It depends on how 
difficult it is to 
solve the problem" 

Statement that problem solving depends on the 
clues, not the number of pages. 

"It doesn't matter how 
long the book is, but how 
many clues or ideas are 
provided" 

Statement that a shorter number of pages means 
quicker processing. 

Statement that more clues there are in a larger 
number of pages a longer period of time will help 
problem solving. 

None of the above 

I don't know, no rationale provided, or irrelevant 
response. 

"If you can read a short 
story you're able to 
solve the mystery 
quicker" 

"A longer book will 
help you solve the 
mystery quicker" 
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The whole class was going to play some games in which you have to solve a 
problem on a comput~r. Ann's parents own a computer at home. Do you think 
the game will be easier or harder for Ann than Jane, who does not own a 
computer? Why? 

Concept 

Statement that problem solving is-
independent of computer possession. 

Examples 

"Just because Jane 
doesn't have the game 
doesn't mean she 
wouldn't be just as 
smart as Jane" 

Statement that both have equal potential-
but one has more experience or expertise. 

Jane might be just as 
good at the computer, but 
she doesn't have one" 

Statement that problem solving ability depends 
on the task. 

a) Statement that problem solving is directly 
to computer and practice, 
or 
b) Computers are more efficient. 

None of the above categories 

Irrelevant or IDK response. 

"It depends on what game 
it is" 
"Depends on the 
difficulty of the 
software" 

"Easier, she is used to 
to working with a 
computer. Harder for 
Jane because she doesn't 
own a computer" 

...... 
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Jim can play the piano, draw pictures, and figure out his math problems 
better than anyone else in the class. Do you think he's the smartest person 
in the class? Why? 

Concept 

Statement about domain specific ability 
(Variation in performance across domains). 

Statement that others may vary in those 
subjects (variation between individuals). 

Statement related to school performance or 
experience. 

a) Statement related to the fact that one skill 
outweighs another, 
or 
b) He may be poor at other subjects. 

None of the above categories. 

Examples 

"No because some person 
could be just as smart 
but in a different 
direct ion", "He might be 
good at some things but 
not others", "Somebody 
might know how to read 
or spell better" 

"No, he won't be the 
smartest person in the 
class because some 
other people will be 
smarter at math" 

"Because he can do these 
things doesn't mean he's 
the smartest--he may not 
get good grades" 

"Yes, because he can do 
his math problems bet ter" 

Irrelevant response--or no logical rationale presented. 

I-' 
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Sally owed somebody some money. She told the person she owed the money to 
that she was to poor to repay. The other day she bought some candy for one 
of her friends. Does Sally have a problem to solve? Why? 

Concept 

Statement that there is a contradiction in 
behavior, but the solution is more complicated. 

Statement that there is a problem because 
there is a contradiction (Assumption--has 
money--but contradiction in behavior). 
Restates the important parameters of the 
problem. 

Statement related to solution rather than 
defining parameters of the problem. 

Statement that judges girls action or 
statement that makes excuses for girl's 
behavior. 

None of the above categories. 

Illogical, irrelevant, or IDK response. 

Examples 

"She could have paid 
her debt since she 
bought candy, but 
now she has less 
money - so it is more 
difficult for her" 

"Says she didn't have 
money, but bought some 
candy so she must have 
had the money" "She 
could have paid the 
person back" 

"Yes, because she shou ld 
have repaid the person 
who gave her the money, 
rather than buying candy 
for another friend" 

"Yes, she lied" "She uses 
the people to get money" 
"Yes, because she was to 
poor to pay her friend" 

I-' 
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Who is smarter, a boy (or girl) who knows the answer to a math problem 
without having to figure it out, or a boy (or girl) taking some time to 
figure out the problem? Why? 

Concept 

Statement related to individual differences 
in learning style. 

Statement related to reflectively (taking 
time insures correctness and accuracy). Must 
have two components (accuracy and reflection). 

Statement related to errors in "fast" responding. 

Statement that smartness means fast. 

None of the above categories. 

Illogical, or I don't know response. 

Examples 

"Both just as smart 
but approach the task 
differently" 

"If you take your time 
and think about it, 
you're more likely to 
get the answer correct" 

"If you do it real fast 
you're more likely to get 
it wrong" 

"The girl (or boy) who 
doesn't have to take any 
time is smarter" 
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Suppose Jeff had 50 eggs on his head in a sack. One egg was brown and all the 
others are white. Jeff walks across a log over a river with the sack of eggs 
on his head. Suddenly while he's in the middle of the log, somebody says, 
show me the brown egg before you can pass. The person says I want to see the 
brown egg immediately. What do you think is Jeff's problem? (NOTE that the 
child is not asked to solve the problem). 

Concept 

Statement about at least two parameters of 
of problems that relate to possible consequences. 

Statement about the probability of finding 
the brown egg--and maintaining balance. 

Statement about the problem in terms of one 
parameter and its consequence (e.g., sack on 
his head and the consequences of reaching for 
the sack). 

Restates some of the parameters that make for 
a problem, no statement about possible 
consequence. 

None of the above categories 

Illogical, irrelevant, or I don't know response. 

Examples 

"If he takes the sack off 
his head, he would fumble 
through the eggs, he 
would fall in the river, 
lose his balance, he 
would also lose the eggs 
in the river" 

"Maybe he can't find the 
brown egg and the person 
said he wanted it right 
away and when he looked 
he might lose his 
balance" 

"He can't see the eggs 
cause the sack is on 
top of his head" "If 
he reaches for the sack 
he might lose his 
balance" 

"Getting the egg out" 
"He has to find a 
brown 'egg before he can 
pass" 
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Ann was lost in a forest and she came to a town in which there were two kind 
of people. "truthtellers" and "liars." Truthtellers always tell the truth 
and liars always lie. The first person Ann talks to gives her directions to 
get home. The second person Ann talks to gives her different directions. 
Does Ann have a problem to solve? Why? 

Concept 

Statement related to the problem goal 
(statement related to direction) and parameter 
of t he problem. 

Statement related to the problem parameter in 
terms of ways of judging the credibility of the 
source. 

States the problem (different directions) but 
does not state the problem parameter. 

Statement related to relying to an external 
source. 

None of the above categories. 

Irrelevant. incoherent. or 10K response. 

Examples 

"She doesn' t know 
which direction to 
take or who to 
believe" 

"She doesn' t know which 
one to believe" "She 
doesn't know which one 
is telling the truth" 
"She gets two different 
answers" 

"She just asked two 
people" 

"Needs to ask her 
mom" 
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Which problem is easier to solve, Jeff's or Ann's? 

Concept 

Statement related to the parameters that 
determine the difficulty of the problem 
(at least two parameters are mentioned). 

Statement related to who had the greatest demands 
on thinking and use of external resources. 

Statement that difficulty of the problem is 
determines by consequences of a solution. 

Statement that focuses on the parameters and 
solution of one problem. 

None of the above categories. 

I don't know or irrelevant response. 

Why? 

Examples 

"Ann had a number of 
alternatives, although 
she may have to walk a 
distance and talk to 
many people to get a 
solution, whereas Jeff 
has few alternatives" 

"Jeff, because he can 
solve the problem 
himself while Ann has to 
rely on others for help" 

"Easier to ask than keep 
your balance" "Ann's 
because Jeff could fall 
and hurt himself, and Ann 
couldn't get hurt" 

"Jeff with eggs because 
all he had to do is show 

it" 
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11. How do children figure things out, like how to do something? 

Rating 

5 

4 

3 

2 

1 
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Concept 

Statement relating to assessing prior 
knowledge. 

Statement related to a trial and error 
strategy. 

Statement related to a cognitive, but 
nonspecific approach (e.g., think about it). 

Statement that indicates solution relies on 
external sources (listen and observe others). 

None of the above categories. 

I don't know, or irrelevant response. 

Examples 

"Just by using some 
things you know, and 
and looking at the 
different possibilities" 

"Just try different 
things to see which works 
best" 

"Just try to think and do 
your best" 

"Watch and see how: your 
parents do it" "Ask the 
teacher" 
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12. There was a man (or woman) who put in a new heater in his (or her ) house so 
he (or she) could save money on fuel bills. He (or she) found that he (or 
she) saved money since the fuel bills were cut in half. He (or she) was 
happy, so he (or she) saved money since the fuel bills were cut in half. He 
(or she) was happy, so he (or she) decided to put a another new heater in 
thinking he (or she) would bring the fuel bill to zero. Do you think the man 
(or woman) solved the problem? Why? 

Rating 

5 

still 

4 

3 

2 

1 
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Concept 

Statement that the solution is independent of 
the strategy (i.e., impossible to achieve zero 

and action will incur additional costs). 

Statement that contests the solution (not cost 
effective), but not the logic. 

Statement related to outcomes, but does not 
incorporate the parameters of the problem. 

Statement that agrees with the problem 
solution. 

None of the above categories. 

I don't know, or irrelevant answer. 

Examples 

"He won't save any more 
money because he 

needs heat so cost won't 
be zero" 

"He is probably wasting 
his money by buying 
another heater" "He won't 
save that much more" 

"He is still going to 
have to pay somebody 
some money for heat" 

"Yes he will save money 
by doing this" 
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13. Who is smarter, Jerry who draws a pictures to sell, or John who does math 
problems for a company store? Why? 

Rating 

5 

4 

3 

2 

1 
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Concept 

Statement that smartness is independent of 
occupation (type of work has nothing to do 
wi th smartness. 

Statement that domain is ability specific. 

Statement that smartness is tied to a occupation 
(one skill is harder than another/or one skill 
requires different kinds of thinking). 

Statement that one domain is of greater economic 
or social benefit (e.g., math more beneficial). 

None of the above categories. 

I don't know, or irrelevant response. 

Examples 

"It doesn't matter what 
they do for a living -
both could be smart or 
dumb" 

"One could be smarter 
in one thing but not 
another" 

"You have to imagine more 
as an artist" 

"Art does not help 

...... 
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14. Is there any reason why adults are smarter than children? Why? 

Rating 
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Concept 

Statement that thinking ability may be 
independent of age in.certain domains. 

Statement that smartness depends on what 
is learned. 

Statement related to information or 
biological differences (depends on 
development or capacity). 

Statement that learning is based on years 
of experiences (e.g., schooling). 

None of the above categories. 

Irrelevant or I don't know. 

Examples 

"Some children may be 
smarter and think better 
than adults in some 
areas" 

"Some children have gone 
to school and learned 
more than their parents 
in a particular subject" 

"Adults have bigger 
brains and can remember 
more information" 
"Adults know more" 

"Adults have been around 
longer and experience 
more" 
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15. Ryan is 5 years old and knows all about dinosaurs. Ryan's father does not 
know a lot about dinosaurs. If both Ryan and his father read a book about 
dinosaurs, who would remember the most? Why? 

Rating 

5 

4 

3 

2 

1 

o 

Concept 

Statement that a knowledge base influences 
memory. 

Statement that memory is "recency" related 
(i.e., how recent you've been exposed to 
information) . 

Statement related to relative abilities. 

Statement related to advantage of age. 

None of the above categories. 

I don't know or irrelevant response. 

Examples 

"Ryan will remember 
most because he knows 
a lot about dinosaurs" 

"Ryan, because he's just 
been taught about 
dinosaurs and his father 
learned the information 
a long time ago" 

"Ryan will remember 
something better than 
his dad, but his dad 
may remember some 
things better than 
Ryan" 

"This father will 
remember more because 
his brain is bigger" 
"His father will try 
harder and remember 
more" 
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READING COMPREHENSION 

The Administration and Analysis of the Nelson Reading Comprehension Skills Test 

Measures Utilized and Dates Administered: 

Nelson Reading Comprehension Test 

Activities Utilized and Dates Administered: 

Pre-Test Date Post-Test Date 

Form A, Level 3 and 4 9/93 Form B, Level 3 and 4 5/94 

Form B, Level 3 and 4 9/93 Form B, Level 3 and 4 5/94 

Method of Analysis: Mean pre and post test scores of HOTS students and a group 

Chapter 1 (non-HOTS) students will be determined in order that a independent t test may be 

performed test. One sample t tests will be performed on pre and post test scores of all HOTS 

groups. N 
o 
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WRITING SAMPLES 

Student Writing Samples are defined as written material composed and edited by the student with teacher 

assistance. 

Measures Utilized and Dates Administered: 

Pre-Writing Date Post Writing Date 

Kidwriter 9/93 Bankstreet Writer III 4/94 

Method of Analysis: For purposes of this research a four point writing rubric will 

be the scoring instrument. The rubric used is an adapted version of the writing rubric 

designed for the Arizona Skills Assessment Program (ASAP). Group means were determined in 

order to perform one sample t tests. N 
o 
w 
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Ned the Wi:~rd 
bv Ned NorriE 

Once ueon a time there Nas a 

wizard named Ned. He has a blue 

robe. He has a blue hat. He can do 

ma9lc. He has a white beard. He 

cOl.1 d be nice or mean. He can be 

short or tall. He 15 old. 

He t,~s a w?nd. He makes you 

shrint .• He c?n turn thin9s into 

anl.nat s. He can qo to school for 

me. When he goes to school he makes 

the teacher ,n?e. He doesn't stop 

talkin9. He II~es to take out the 

trash for me. He I il:es to do my 

homewor~ for me because he I ikes to 

think. He plavs baseball because 

always let him hit first. He says 

he's qOlnq to buy me a big house. 

Mv wi:ard has a very big castle 

with 10') rooms. InSide the castle he 

has a big bed with ten soft 011 lows. 

The Pillows ha\'e money pictures on 

his Pillow cases. 
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fiNE PR[TTY DAY BRIES CAME FIY IN THE 
S~! AHU PlAY IN THE PARK.THEN A AIRPLAN 
CAME FIY AROUND THE NEIGHBORHOOD THERE 
hE~~[ rDJ?LE IN THERE THA"I WA'.JD 
10 THE KIS AND THl KIS 
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bl 1"':'l.H .. ;:;'" T"'(II'I""· 

~.j·)1 ~ ~II'E ;.. wl!Af<l'. ANt' HE HAS A 

HHT. THE HAT HAS STRING'S COMING OUT 

(,JF IT. HIS NOSE LQOI.S LilES A WITCHES 

'loJSE. AN[' I1IS HI1I~ 15 ~It:E sTlCI:S. HIS 

T~EH. HIS ~EAD 15 LIKE A !IG ROUND 

F.El' LIGHTS. 

HE Lit ES TO CHAN!:: WTO A MONSTER. 

rlE BOU'3HT HE A ;F'O~'7 S CAl'< AND HE MAt ES 

ME LAUGH. t-E CAN CATCH A t.NIFE IN 

HIS MOUTH Atilt HE CAtl FLT LH.E A 

~IR['. hE G>lvE ~IE COI.!FAGE iO ['0 HI 

HOMEWORI. HE :':'11 D I S':'F F EAF' ;"NL' HE CHII 
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HIS CASTLE LOOkS LIkE A vE~y 

TA~~ Bul~DING. ~E HAS 1~ BEDROOMS. 1: 

REsTROOMS. I> UTCHENS AND A VERy £iIi; 

GAME ROOM WITH SEVEN T.V'S AND A VERt 

'JE~r LARGE SWIMMING POOL. 

HIS BEto IS H WATER BED. ArH! HE 

""S H B1J14~ BE['. HIS FU~NITL~E IS LitE 

WOOL'. IN 1415 BEDROOM THERE I:; A 5EGA. 

GAME BO f. ANO SUPER NES. 
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