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To determine the relationship between computer intensive classwork and change in 

critical thinking skills exhibited by college students, the Watson-Glaser Critical Thinking 

Appraisal, which generates Inference, Assumptions, Deduction, Interpretation, 

Arguments, and Total scores, was administered as pretest and posttest to students 

enrolled in four sections of a freshman level writing class at a community college, where 

two sections each were taught by computer intensive (computer) and traditional 

(noncomputer) methods. Students completed a Demographic Questionnaire regarding 

previous computer experience, gender, and ethnicity. Where available, reading skills 

information was obtained from college records. 

In evaluating effects of computer versus noncomputer classwork on critical 

thinking skills, significant differences were found for Assumptions and Interpretation. In 

total change score, the computer group performed slightly better than the noncomputer 

group. 

In evaluating influence of previous computer experience on the relationship 

between computer classwork and change in critical thinking skills, the inexperienced group 

appeared handicapped by computer use, while the experienced group benefitted from 



computer use. Additionally, gender was found to have a significant effect in total change 

score with males gaining more than females. 

Relative to ethnicity, the combined minority group scored significantly lower than 

the white group on pretest scores. Although nonsignificant, total change score was higher 

for the combined minority group than the white group. 

For reading skills, the low skills group scored significantly lower than the high 

skills group on pretest and posttest scores. Although nonsignificant, the low skills group 

gained more than the high skills group, and within the low skills group, the computer 

group gained more than the noncomputer group. 

The study indicates that minority, low reading skills, and male students seem to 

gain more in critical thinking skills from use of computer intensive classwork; however, 

students not having prior computer experience had lower critical thinking score gains than 

students with prior computer experience. 
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CHAPTER 1 

INTRODUCTION 

Background of the Study 

Over the past two decades, much has been written about the effect of computer 

usage on the achievement and problem solving ability of students. Papert (1980) fueled 

the push to include programming as a problem-solving environment for young children. 

Since that time, others have advanced the idea that relationships with the computer can 

increase critical thinking skills and mental alertness (Norris, Jackson and Poirot, 1992), 

problem-solving skills (Friedman, 1981), academic achievement (Cates, 1992) and grades 

(Brown, Day and Meade, 1989). Mixed results have been reported by many researchers, 

and much of the research was rejected by Ahmed (1992) due to flawed research design. 

Another proposed reason for increased critical thinking skills is the educational 

experience itself. Pascarella and Terenzini (1991) in their review of the literature on how 

college affects students found that, in general, a significant increase in a person's critical 

thinking skills results from a person's college experience. They found that most people 

will have increased their critical thinking skills scores by nearly one standard deviation 

during their bachelors program, with most of that increase coming in the first two years. 

Pascarella (1989), Steele (1986) and Klassen (1983-1984) found that the age of the 
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student did not seem to affect the critical thinking scores, indicating that maturation alone 

was not a major factor in the increase in critical thinking skills. Astin (1984) and 

Pascarella (1989) found that the effect of college on students seems to be related to the 

total involvement of the student in the college experience, not just to the classwork. Since 

Winter, McClelland and Stewart (1981) found a lesser gain in critical thinking skills in 

students attending a community college as compared to a highly selective university, the 

community college seems to be an ideal environment to see if gain in critical thinking skills 

could be influenced to a greater extent by increasing students' involvement in the 

educational process. One possible method of increasing the student's involvement is 

through application of computers in the educational process. Then, the question becomes 

whether or not a student's critical thinking skills can be enhanced by requiring the student 

to interact and become regularly involved in the writing process while using computers 

during their classroom learning experience. 

With one or more academic departments in 20% of universities requiring or 

strongly recommending students have their own microcomputer (Lukesiha, 1987), an 

evaluation of computer usage as a tool for increasing a student's academic potential is 

needed. To this end, this study focuses on the added effect of computer usage on the 

critical thinking skills of students. 



Statement of the Problem 

The problem of this study was to determine the relationship between computer 

intensive classwork and the critical thinking skills exhibited by college students. 

Purpose of the Study 

The purposes of the study were: 

1. To determine the effect on college students' critical thinking skills, as measured 

by the Watson-Glaser Critical Thinking Appraisal, of computer intensive classwork, as 

compared to change in critical thinking skills from traditional (noncomputer) classwork. 

2. To determine if the relationship between change in critical thinking skills and 

computer intensive classwork is influenced by a student's previous computer experience as 

defined by whether the student has taken computer classes or has had previous 

nonclassroom experience in computer usage. 

3. To determine if the gender of a student affects the relationship between change 

in critical thinking skills and computer intensive classwork. 

4. To determine if the ethnicity of a student affects the relationship between 

change in critical thinking skills and computer intensive classwork. 

5. To determine if the reading skills level of a student affects the relationship 

between change in critical thinking skills and computer intensive classwork as defined by 

college entrance reading level assessments. 



Statement of the Hypotheses 

To cany out the purposes of this study, the following null hypotheses were tested: 

1. There are no significant differences between the critical thinking skills 

possessed by students completing computer intensive classwork and those completing a 

traditional (noncomputer) instructional class. 

2. There is no significant relationship between a student's change in critical 

thinking skills due to computer intensive classwork and the student's prior computer 

experience. 

3. There is no significant relationship between a student's change in critical 

thinking skills due to computer intensive classwork and the gender of the student. 

4. There is no significant relationship between a student's changes in critical 

thinking skills due to computer intensive classwork and the ethnicity of the student. 

5. There is no significant relationship between a student's changes in critical 

thinking skills due to computer intensive classwork and the reading skills level of the 

student. 

Significance of the Study 

This study is significant in that it focuses upon the relationships between the 

intensive use of computers and changes in critical thinking skills of college students. This 

is important because as Goal 5 of the Goals 2000 states, one of the objectives of a college 



education is to develop in more students an advanced ability to think critically, 

communicate effectively, and solve problems (National Educational Goals Panel, 1993). 

Another of the objectives states that more minority students should complete at least two 

years of college. If factors instrumental to developing critical thinking skills can be 

elucidated, those factors could be applied to the development of curriculum that could 

advance our students toward the adult literacy educational goals that have been set for 

them in this forward looking report. 

This study also determines if prior computer experience, gender, ethnicity, or 

reading skills level are significant modifying factors in determining the change of critical 

thinking skills of college students who use computers extensively in their classwork. 

Numerous studies have shown relationships between working on the computer and 

receiving some educational or cognitive benefit from these experiences. Most of these 

studies look at the main effect of using the computer and its effect on increasing 

knowledge or skills in the field of study [Allocco, Coffey, Dalton, Dariano, Dioguardi, 

Galterio, and Monahan (1992); Bowerman (1992); Brown, Day and Meade (1989); Cates 

(1992); Cinque and Santomauro (1988); Fetters, McKenzie and Callahan (1986); 

Friedman (1981); Stewart and Howard (1988); Strickland and Hoffer (1989); Taylor and 

Mounfield (1991); and Verderber (1990)]. Several other studies try to document 

transference of knowledge or thinking skills to areas outside of the specific field of study 

[Clay, E. (1994); Clements and Gullo (1984); Dudley-Marling and Owston (1988); Kay, 

Lublin, Poiner and Prosser (1989); Kurland, Pea, Clement and Mawby (1986); Mayer, 



Dyck, and Vilberg (1986); Norris, Jackson, and Poirot (1992); and Palumbo and Reed 

(1991)]. Only two studies were found that addressed the gender of the student using 

computers in relationship to critical thinking skills [Kay, Lublin, Poiner and Prosser 

(1989); and Kurland, Pea, Clement and Mawby (1986)]. Ethnicity and previous computer 

usage were not specifically addressed in relationship to computer experience and critical 

thinking skills. On the other hand, the educational experience itself is often cited as a 

contributing factor in the development of critical thinking skills in college students 

[(Klassen (1983-1984); Pascarella (1989); Pascarella and Terenzini (1991); and Steele 

(1986)]. None of these studies investigate the effect of these demographic factors on 

critical thinking skills development of community college students who use computer 

technology extensively in the classroom instructional environment, when the objective of 

instruction is not focused on the technology, but where the computer is only a tool for 

facilitating instruction in the primary subject matter. This study was designed to determine 

if intensive use of the computer as a teaching tool can contribute to gain in transferable 

critical thinking skills. 

Therefore, this study is significant in that it attempts to: 

1. Determine whether a change in college student critical thinking skills can be 

attributed to computer intensive classwork. 

2. Determine whether gender, ethnicity, computer experience, or reading skills 

level contribute to the change in college students' critical thinking skills from computer 

intensive classwork. 



Definition of Terms 

The following terms will have restricted meaning and are thus defined for this 

study. 

Critical thinking is defined by the authors of the Watson-Glaser Critical 

Thinking Appraisal (WGCTA) as a composite of attitudes, knowledge and skills. This 

composite includes: (1) attitudes of inquiry that involve an ability to recognize the 

existence of problems and an acceptance of the general need for evidence in support of 

what is asserted to be true, (2) knowledge of the nature of valid inferences, abstraction, 

and generalizations in which the weight or accuracy of different kinds of evidence are 

logically determined, and (3) skills in employing and applying the above attitudes and 

knowledge. A high level of competency in critical thinking, as measured by this appraisal, 

may be operationally defined as the ability to perform correctly the universe of tasks 

represented by the ability to discriminate among degrees of truth or falsity of inferences 

drawn from given data, to recognize unstated assumptions or presuppositions in given 

statements or assertions, to determine whether certain conclusions necessarily follow from 

information in given statements or premises, to weigh evidence and decide if 

generalizations or conclusions based on the given data are warranted, and finally to 

distinguish between arguments that are strong and relevant (Watson and Glaser, 1980). 

Critical thinking skills are defined as the score obtained on the Watson-Glaser 

Critical Thinking Appraisal. 
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Gain or loss in critical thinking skills is defined as the residual difference 

between pretest score and posttest score as obtained on the Watson-Glaser Critical 

Thinking Appraisal. 

Computer intensive classwork is defined as a class requiring students to interact 

with a computer during the classroom instructional period. 

Traditional noncomputer classwork is defined as a class where students are not 

required to interact with a computer during the classroom instructional period. 

Computer application use is defined as work on the computer utilizing computer 

games, programming language, word processor, spread sheet, data base, computer 

assisted instruction or telecommunication program. 

Previous computer experience is differentiated three ways: (1) computer class 

experience - inexperienced having no computer class and experienced having at least one 

class; (2) nonclassroom computer experience - inexperienced having less than one year 

experience and experienced having had at least one year experience; and (3) combination 

of computer class and nonclassroom experience - inexperienced having completed no 

computer class and less than one year of nonclassroom computer experience, and 

experienced having at least one computer class and at least one year of nonclassroom 

computer experience. 

Low reading skills level is defined by the student's college entrance assessment 

where the student's score on one of the following tests resulted in the student being 

assigned to a remedial reading course: Scholastic Assessment Test (SAT) verbal score; 



American College Testing (ACT) reading score; Test of English as a Foreign Language 

(TOEFL); and Descriptive Test of Language Skills (DTLS) reading score. 

High reading skills level is defined by the student's college entrance assessment 

where the student's score on one of the following tests resulted in the student being 

assigned to an academic English course: Scholastic Assessment Test (SAT) verbal score; 

American College Testing (ACT) reading score; Test of English as a Foreign Language 

(TOEFL); and Descriptive Test of Language Skills (DTLS) reading score. 

Limitations 

One limitation of this study was that the college students tested were not isolated 

individuals who were assigned to an experimental group where all aspects of their lives 

were controlled to conform to the life of all other subjects in this study. They could not be 

easily and neatly classified into one experimental group for this study with the assumption 

that their prior and concurrent experiences had no effect on the factors being studied. 

They fell into one or more of the groups whose demographic factors such as gender, 

ethnicity, previous computer experience, or reading skills level which were considered as 

possibly contributing to a gain in critical thinking skills. However, the ANCOVA design 

of the study was used to account for differences that may result from this multi-group 

membership. 
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A second limitation of the study was the small sample size. Because of this 

limitation, the ability of the study to determine statistical significance was impaired. 

Moreover, complete analyses of individual ethnic groups were not possible. 

Another possible limitation was the fact that the computer intensive classes and the 

traditional noncomputer classes were taught by different instructors. To minimize the 

influence of this factor in the study, instructors were interviewed prior to the study as to 

their objectives for the computer intensive instruction as compared to their objectives for 

the noncomputer traditional instruction, and analysis of the course syllabi validated that 

the courses had the same objectives regardless of the teaching method. The instructors 

chosen for this study all had previous experience teaching the course by both computer 

and noncomputer methods, and they were also teaching the course by both methods at the 

time the study was conducted. Furthermore, instructors were selected who received 

similar ratings on their evaluations forms prepared by students from the previous semester. 

Delimitations 

This study was limited to the instructional program and student body at a single 

community college in the Dallas/Fort Worth metroplex. Thus, the results of this study 

may not be generalizable to all college students at all types of institutions of higher 

learning, but should be generalizable to similarly prepared community college students in 

metropolitan areas. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Significance and Use of Computer Technology in Education 

Since the very beginning of computers, there has been an association between 

computers and institutions of higher education. Howard Aikens at Harvard University, 

John Atanasoff at Iowa State, and John Mauchly and J. Presper Eckert at the University of 

Pennsylvania were all involved with the development of computers in the early 1940's 

(Bohl, 1984). From that beginning, through the introduction of the first commercial 

computer in the early 1950's, to the present time, computers have been found in the math, 

computing, and engineering departments of colleges and universities. With the advent of 

the microcomputer in the 1970's, computing began to move into other areas of higher 

education. Lukesha (1987) reported that about one in five of the universities responding 

to the EDUCOM survey had at least one discipline which required or strongly 

recommended that each student have his or her own computer. Many of these were 

departmental requirements, but at least one third of these universities had owning a 

computer as an institution-wide requirement. Many other universities, although not 

requiring computers, provided access to computers through computer labs so their 

students could take advantage of the technology without the added costs. Many of the 
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early institutions requiring computers were not steeped in the sciences and engineering, 

but were liberal arts universities that wanted their students to be able to take advantage of 

the new technologies (Turner, 1985a). Faculty members at Drew University, the fist 

university to provide computers to all students, were enthusiastic about the program 

Besides recruiting more students with higher academic credentials, it improved their 

achievement in many areas. Turner (1985b) reported that Richard Detweiler, an associate 

professor of psychology at Drew, stated, "It seems as though computers were more 

important for liberal arts than for technological studies." 

It is apparent that technology will be an important aspect of education in the 

future. Gagne, when asked where computers should be used in education, replied, "In the 

first grade" (Twitchell, 1991). State departments of education are instituting plans for 

implementing technology into the public school system [(Progress Report on The Long-

Range Plan for Technology (1993); Salisbury (1992)]. Smith and Dunn (1985) declared 

that whatever the university of tomorrow is, it will be serving in the information society, 

and each university must make plans to implement technology so that it does not lag 

behind society. 

Many people feel that putting technology into education will not be enough to 

facilitate a significant change in the outcome of the educational process. Some sort of 

reform is needed in the educational system. As a proponent of educational reform 

Salisbury (1992) compared the incorporation of computers into business with education: 

Other enterprises (such as banking and manufacturing) have reaped marvelous 
benefits through the application of technology. But, in those cases, the application 
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of technology was invariably accompanied by a reengineering of the basic 
processes involved. If education is to reap similar benefits from technology, a 
redesign of the basic processes of education must be undertaken (p. 7). 

Salisbury (1992) also perceived that the educational model currently used is outdated 

because it does not prepare students to function in a society where technology is so 

prevalent. 

Higgins (1991) envisioned the school of tomorrow as containing the current 

computer technology, where students can access databases using CD ROM, or 

telecommunication. Students should be allowed to branch out and explore ideas in which 

they are interested. Since the student would explore the knowledge he or she personally 

desires, there would be more motivation to learn, reaping a feeling of accomplishment and 

self-esteem from the finished product. 

In studying restructuring of the educational process, Thomas and Knezek (1991) 

found that educators felt the learning environment should place increased responsibility for 

learning on the learner. The curriculum taught must change focus from the acquisition of 

facts to process selection and application. It should also address needs that will serve tie 

learner after he or she leaves the school environment. Technology is a key tool to support 

the types of student-centered learning needed by the learner because it acts to dissolve 

boundaries traditionally imposed by academic discipline, grade level, location, language 

and culture. 

Toffler (1980) maintained that the second wave (industrial society) systems are in 

crisis, including the educational system (p. 139). He also stated that "nothing will remain 
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unchanged. The future is fluid, not frozen. It is constructed by our shifting and changing 

daily decisions, and each event influences all others" (p. 145). 

Papert (1980) issued a proclamation that can be applied to the reform movement in 

education. He indicated that effective social forms must have their roots in the culture, 

not be the creatures of bureaucrats. This must be true of any new successful form of 

associations for learning that might emerge out of the computer culture. Reform or 

restructuring of our schools for a learning environment that takes advantage of the power 

of computer technology and places the methods and means of learning in the hands of the 

learner, appears to hold promise in improving the educational outcomes of our educational 

system 

In order to encourage changes toward implementation of technology in the 

educational system, teachers need to be inducted into the effective use of technology. 

Mueller (1985) observed that if our students are expected to be able to cope with the 

information revolution, our teachers must first be prepared to cope. Thomas and Knezek 

(1991) also indicated that a teacher must be trained to utilize the technological 

environment in order to have an opportunity to maximize the use of student data and to 

make it possible for the teacher to stay abreast of new and emerging ideas in the 

educational arena. In a survey of Algebra II teachers in Texas, Clay, J. (1994) found that 

about 20% of the teachers had never had a college computer course, and 15% had never 

even attended a computer workshop. This represents a significant lack of training for 

teachers in a curriculum area that pioneered the teaching and use of computers in the high 
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school. Naisbitt (1982) contended that there is an even worse shortage of qualified 

college-level computer science and engineering teachers than there is for qualified high 

school math and science teachers. 

Mixed in with all of these recommendations for reform, Becker (1991) released the 

results of a survey that showed the use of computers by math and science teachers more 

than doubled between 1985 and 1989, but only 42% of math and 36% of science teachers 

used computers in at least one class. According to this survey, he also found the major 

thrust of the computer use in non-computer education courses (courses not teaching about 

computers or their applications) was primarily to increase motivation and to reinforce the 

basic skills. Only about 10% of the math use was directed toward the use of graphing 

programs or spreadsheets, and an even lower percentage of science usage was directed 

toward computer-based lab interfacing programs, databases or spreadsheets. Overall, the 

survey did not indicate a very significant infiltration of the technology into an education 

system which is striving to teach higher order thinking skills 

Stelnikov (1991) painted a different picture of what is happening with technology 

in education. He claimed that marketers of instructional technology are using payola and 

seduction in selling instructional computer systems to school districts that cost too much 

and do not achieve everything they promised. They use slick presentation, flawed 

research reports and gifts to seduce school systems into investing huge sums of money in 

their product, even though the basic educational necessities for the classroom are being 
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neglected. Hopefully, independent research into the valid education uses of technology 

will help to discourage this situation, if, in fact, it does occur. 

Critical Thinking In Education 

As students move from educational institutions into the work place, the need for 

each student to be functionally literate in the technological world is becoming more 

obvious. This literacy requires that the student be able to adapt to different technology 

systems, run different software, and to apply previous knowledge to new situations. Pea 

and Kurland (1984) extended this idea when they said, "The competence to appropriately 

apply higher cognitive skills such as planning and problem solving heuristics in mental 

activities both with and without computers is a critical aim for education" (p. 160). In 

short, in order to function properly in and out of school, the student needs to have 

acquired critical thinking skills. Halpem (1984) recounted that the term "critical thinking", 

also called "directed thinking", describes thinking that is purposeful and goal-directed. 

Although it may not be possible to teach someone to think, it is possible to improve the 

way someone thinks; thus teaching critical thinking is possible. Although problem solving, 

decision making, and creativity are often discussed separately, there is considerable 

overlap among these topics, and they are all part of the critical thinking process (p. 160). 

Frederiksen (1984) asserted there are two types of problems that students need to 

be able to solve: (1) those that are well-structured with a single solution; and (2) those 

that are ill-structured, where some of the data is missing, and there is no clear algorithm 
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for solving the problem. Most problem solving exercises in education concentrate on the 

former, while the latter, the problems found in life, are virtually ignored. Kay, Lublin, 

Poiner and Prosser (1989) conducted a survey in college students and produced an 

interesting possibility in this area. Their work indicated that men may excel at the well-

structured, mathematical problem solving and machine-based skills, and women may have 

greater strengths in the ill-structured, or broader-based, problem solving and 

communication skills. Teaching for the generalized problem solving is a necessity in view 

of the rapid changes that are taking place in the worlds knowledge (Frederiksen, 1984). 

Van Horn (1985) also suggested that at present, a university education is not a lifetime 

education, and its goal should be to improve the ability of students to learn independently. 

The university education must develop in the student the ability to apply knowledge and to 

solve problems. His specific premise is that technology for liberal education should be 

curriculum free so it will be incorporated into all areas of the student's experiences. 

Brookfield (1987) contended that critical thinking, or emancipatory learning, is 

practiced to certain degrees by most adults and involves identifying and challenging 

assumptions and exploring and imagining alternatives. In reality, the components of critical 

thought and action are interconnected. 

In defining the relationship between critical thinking and problem solving, 

Smilansky (1984) reported that being able to formulate a problem (inventiveness) required 

being able to solve problems, but just because one is good at solving problems does not 
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mean that person can also formulate problems. Thus, critical thinking requires the ability 

to both formulate and solve problems. 

As can be observed from these reports, the acquisition of critical thinking skills, 

though not tightly defined, is considered to be a worthy goal of education. Pascarella and 

Terenzini (1991) in reviewing the literature on how college affects students concluded that 

a college education in itself is instrumental in increasing the critical thinking skills of 

students. From several studies, both cross-sectional and longitudinal, they found that 

students in their senior year of college score almost one standard deviation higher than 

students just starting their college career. Pascarella and Terenzini (1991) cited numerous 

studies that indicate these gains are not just maturation, but are the results of the higher 

education process. Steele (1986) found that the age of the senior student did not seem to 

affect scores on critical thinking appraisals. Klassen (1983-1984) found a similar gain in 

critical thinking skills for adults who were just starting their college career as had been 

found by other researchers who had used traditional-aged students in their studies. 

Pascarella (1989) compared matched groups of high school graduates who did and did not 

attend college and found that college attendance had a significant positive effect on critical 

thinking skills at the end of one year. These reports seem to indicate that maturation alone 

was not the major factor in the increase in critical thinking skills of college students. 

Astin (1984) found that the effect of college on students seems to be related to the 

total involvement of the student in the college experience, not just to the classwork. 

Pascarella (1989) also found involvement to be a major contributing factor in gain in 
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critical thinking skills. Most studies that compared institutions found little evidence of 

"institutional quality" being a major factor in students' increase in critical thinking skills 

however, Winters, McClelland and Stewart (1981) did find a lesser gain in critical thinking 

skills in students attending a community college as compared to a highly selective 

university, possibly attributed to a lower level of student involvement at the community 

college. The community college seems to be an ideal environment to see if gain in critical 

thinking skills could be influenced to a greater extent by increasing students' involvement 

in the educational process by requiring them to interact and become regularly involved in 

the writing process while using computers during their classroom learning experience. 

Computers and Critical Thinking 

Papert (1980) contended, "Anything is easy if you can assimilate it to your 

collection of models. What an individual can learn, and how he learns it depends on what 

models he has available" (p. vii). He discusses ways in which the computer's presence 

could contribute to mental processes not only instrumentally but in more essential 

conceptual ways, influencing how people think even when they are far removed from 

physical contact with the computer. 

Dudley-Marling and Owston (1988) reported that most theorists agree transfer 

across domains is possible if the following conditions are met: (1) people possess the 

requisite knowledge, (2) the situations are similar, (3) people recognize the similarities 

between the situations, and (4) the problem solving strategies are sufficiently general. 
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From their review of the literature, they concluded that "it is likely that no simple problem-

solving program, (programming in) Logo or (computer assisted instruction) CAI, will 

develop the wide range of problem solving skills students need to survive in and out of 

school" (p. 31). They also reported that in order for students to develop problem solving 

skills they need to have frequent opportunity to solve the types of problems that will 

confront them in their daily lives both in and out of school. 

Clay, E. (1994) found that claims made or implied by several Integrated Learning 

System vendors about their software promoting learning skills could not be substantiated 

in the high school classroom This implies that having experience with specialized 

problem solving computer software does not necessarily correlate with advanced in critical 

thinking skills. 

Kay, Lublin, Poiner and Prosser (1989) conducted a survey of women in 

computing in Australian universities from which they projected differences between men 

and women in problem solving skills. First, in beginning computer courses: (1) women 

enrolled at a lower rate than men, (2) women dropped out at a higher rate than men, and 

(3) the ones who remained received lower grades than the men. By the tertiary courses, 

women were still a minority, but women received higher grades than men. One 

explanation they formulated purported the beginning courses stress the tightly defined 

mathematical problem solving skills and were machine-centered, characteristics in which 

men excel, and the later courses stress the broader-based problem solving and 

communications skills in which women have greater strengths. 
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Programming 

Papert (1980) ushered in an era of thinking which has changed the way people 

look at computers in education. He advocated a learning environment in which the child 

learns to teach the computer, rather than the computer teaching the child. In the model he 

introduced, young children learn basic problem solving steps while learning to instruct a 

computer-controlled robot using the Logo programming language. By processing 

information in bite-size chunks, even very young children could learn complex 

mathematical and problem solving skills. Clements and Gullo (1894) compared two 

groups of children and their cognitive style, metacognitive ability, operational competence, 

and overall cognitive development. One group was assigned Logo programming, while 

the other used CAI designed to improve thinking skills. The two groups did not differ 

significantly on the pretest, but the Logo programming group showed a significant 

increase in divergent thinking and metacognition tasks, while there was no significant 

difference between scores for the CAI group in any of the areas. Allocco, Coffey, Dalton, 

Dariano, Dioguardi, Galterio and Monahan (1992) reviewed the literature on teaching 

problem solving with Logo. They concluded that Logo itself did not improve problem 

solving, but if students were given sufficient time to learn the language and were guided 

into problem solving situations, programming with Logo did have a significant effect on 

the cognitive development of children. In another review of the literature, Roblyer (1989) 

also established that Logo showed promise as a method of enhancing cognitive skills of 

various kinds. 
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Pea and Kurland (1984) studied the thinking expressed in current papers on 

programming and problem solving skills and determined that the evidence was weak for a 

close association between the two. He proposed that research studies in the area 

concentrate on general issues about programming rather than those that are programming 

language specific. 

Kurland, Pea, Clement and Mawby (1986) studied students in a high school 

programming course which covered six different languages during the year to determine: 

(1) the effect of programming on mathematical and reasoning abilities, (2) what cognitive 

skills best predict programming ability, and (3) how much students knew about 

programming by the end of the year. They found no correlation between programming 

skills and the ability to transfer those skills to the math classroom. They also found that 

most students are not able to transfer learning from one situation in programming to a 

similar situation in programming 

Mayer, Dyke and Vilberg (1986) defined "Programming" as the initial 10-50 hours 

of a programming class, and "to Think" as an improvement in problem solving in domains 

beyond the programming language that is taught (transference). Their study encouraged 

the idea that learning to program can have positive effects on thinking skills that are 

directly related to the language to be learned; however, they found no convincing evidence 

that learning a program language enhances a student's general intellectual ability, or that 

programming was any more successful than Latin for teaching "proper habits of mind" (p. 

609). They verbalized the feeling that "careful empirical research can inform the 
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controversy concerning the teaching of (Beginners All-purpose Symbolic Instruction 

Code) BASIC in schools, by evaluating assertions concerning the relation between 

programming and problem solving" (p 610). In contrast, Norris, Jackson and Poirot 

(1992) reported that a single semester course in BASIC programming in a college course 

produced a significant gain in critical thinking skills and mental alertness in the students 

involved. In a review relating programming transference, Ahmed (1992) concluded that 

there is very weak evidence that the two are related. His results showed that there was a 

significant effect in half of the documents reviewed, but in general, the research was so 

poorly designed, implemented or reported as to make the research virtually worthless. In 

summary, learning to program a computer appears to have a positive effect on the critical 

thinking skills that a person will need while in and outside of the educational environment. 

Word Processors 

The word processor is an application that allows the user to manipulate words to 

create ideas. Papert (1980) related: 

The use of computers is rapidly becoming adopted wherever adults write for a 
living. Most newspapers now provide their staff with 'word processing' computer 
systems.. . . The image of children using the computer as a writing instrument is a 
particularly good example of my general thesis that what is good for professionals 
is good for children (p. 30). 

On using the word processor in the teaching of writing, Solomon (1986) claimed: 

Convenience released creativity. When you don't have to woriy about the 
mechanics of your writing, you can be spontaneous in the creation of ideas (p. 9). 
When people write with the knowledge that others will read their work, there is a 
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shift in the kind of effort they make. . . . In my experience, students can't wait to 
show off their finished work. Because it is legible, others can read it. Because 
others can read it, it will be read. If others read it is worth being read. That is the 
cycle of a student's feelings about his or her own written work. Student know that 
their classmates, friends, parents and teachers will read their work. Their egos are 
enhanced by this knowledge. The experience of sharing what they have written 
provides positive reinforcement for the next piece of written work (p. 16). 
Another result of the POWER (Prewrite, Organize, Write, Exchange, Revise) 
writing process is that we (the teachers) become project managers and consultants. 
. . . The center of responsibility shifts from the teacher, teaching how to think and 
write, to the student (assisted by his group), internalizing the process of thinking 
and writing. The process of writing involves applying technical verbal skills to the 
process of thinking. The writer considers how to handle ideas, what the ideas 
mean, what is the most logical order for these ideas, and host of other problems. 
Solving these problems means thinking, when a student asks of another, "why 
won't this argument convince you that my idea is right?", both are learning logic 
and persuasion. The interchange of ideas and the refinement of thinking that 
follows are what promote leaning (p. 17). 

Solomon (1986) is convinced that writing across the curriculum, using the POWER 

process, can produce the same positive results in other fields of inquiry. 

In their experience teaching application software, because of the word processor 

unit, Cinque and Santomauro (1988) elucidated: 

The students felt they were learning something useful. Soon into the first major 
topic, word processing, students began to do work for other courses and during 
the spring break, several students came in to work on term papers (p. 10-11). Just 
as one becomes a better reader by reading, one also becomes more proficient at 
writing (and thinking) by writing (p. 13). If the student has some exposure to 
programming, the parallel between writing and programming should be explicitly 
noted for the student. They are similar inasmuch as both are creative, mental 
activities involving definition, analysis, structure and syntax, stepwise refinement̂  
and documentation (p. 14). 

Bowerman (1992) reported on an intelligent tutoring system (ITS) used to teach writing 

to students in a first year German course. The student uses a word processor to generate 

the text, then the ITS takes over, analyzes the text for grammar and structure, and then 
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offers suggestions as to the correct way to write the sentence. The student can then make 

the corrections and continue with the writing assignment. Although no results were given, 

Bowerman (1992) seemed encouraged by the effects of student using this program. 

Spreadsheets 

One application for computers used commonly in business and education is the 

spreadsheet. The spreadsheet consists of a table of values, which can be related to each 

other by value or formula. As one value in the spreadsheet is changed, values that are 

related to it are automatically changed when the computer performs a recalculation. 

Bailey (1987) asserted one important concept that is learned in any programming class is 

algorithm development. Students learn how to analyze the problem and to set up the step-

by-step solution so the coding can be done. Spreadsheets offer the same type of learning 

and are much more appropriate for non-computer science majors. Students must 

formulate the problem, determine the equations and formulas necessary to solve it, and 

then set up the work sheet. Spreadsheet applications are found in nearly every discipline 

and their design requires a minimal amount of (formal) computer programming 

knowledge. Cinque and Santomauro (1987) maintained: 

If we wish to preform numeric analysis and formulation, then electronic 
spreadsheets provide a quick and easy means.. . . The immediate feedback factor 
supports student exploration, "try it and see what happens" becomes a natural 
expectation and initiates an analysis. Consequently, the students become involved 
with creative thinking . . . getting data from a data base or spreadsheet is only the 
beginning, interpretations and inferences need to be drawn. Students need to be 
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pushed beyond simple knowledge of the data toward analysis, synthesis and 
evaluation" (p. 15). 

Verderber (1990) expressed the idea that in mathematics education, "The spreadsheet will 

allow us to provide computer experience for those who cannot grasp the fundamentals of 

writing a computer program" (p. 45). He cites from the NTCM yearbook Computers in 

Mathematics Education that some of the advantages of using spreadsheets in 

mathematics education include: 

. . . its operation is easy to learn and requires no previous programming 
knowledge; it provides a natural way to implement algorithms on a computer that 
allows for interactive experimentation and modeling; and it furnishes MI intuitive, 
concrete means to visualize mathematical algorithms and manipulations. 

The spreadsheet requires the student to create a large table in which the entries are related 

to each other, a frequently taught problem solving strategy. Students are encouraged to 

make changes in values and to observe the effects it has on the rest of the spread sheet, a 

modeling exercise. Students can then relate the spreadsheet exercises to formulae 

commonly used in mathematics, transference. 

Stewart and Howard (1988) reported that two groups were created in a Cost 

Accounting class. One group was given an assignment to be completed on an electronic 

spreadsheet, the other group was given the same problem to be completed by the 

traditional paper and pencil method. The spreadsheet group performed better on the final 

exam, but not significantly better, than the traditional group. The spreadsheet group 

turned in a more negative evaluation of the course, possibly because they had to wait for 

space in the computer lab. 
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Spreadsheets are applications that should require the student to learn many of the 

critical thinking skills developed by learning a programming language, without getting into 

the detail of learning a programming language. Most spreadsheets have similar 

commands, structure and capability, allowing students to easily learn to use another 

vendor's product. 

Database 

With the explosive proliferation and dissemination of information comes the need 

to be able to rapidly obtain data pertinent to the question that a person asks. One of the 

methods of dealing with this amount of data is the electronic database. The database is a 

collection of information which can be searched, or queried, to find only the information 

that is pertinent to the problem Bailey (1987) insists that learning to set up a database 

and to design the queries necessary to obtain information from the database are concepts 

important to computer literacy. Students learn to "program" by learning to construct their 

questions in a manner that is meaningful to the software package and the student. 

Strickland and Hoffer (1989) had students construct a database of physical properties of 

some 200 elements and compounds from information in the Handbook of Physics and 

Chemistry. Students were taught to query the database by finding answers to problems on 

a work sheet. Students were then given an unknown chemical sample and asked to 

identify it by first determining its physical properties in the lab and then doing database 

queries to find a match for the sample's physical properties. Students learned to develop 
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query strategies that would find the best matches with the least amount of work. These 

query strategies could then be applicable to database queries in other areas of the 

curriculum as well as outside the classroom. Since many areas of endeavor require a 

search through tremendous amounts of information, skill s in creating database queries can 

be applied to many fields. Many areas, including education, law, and medicine require 

decisions based on information that has already been generated and stored in large 

databases and can be accessed from many locations. Being able to query these databases 

is a skill that can be transferred to many other arenas of inquiry. 

Other Computer Uses 

Fetters, McKenzie and Callaghan (1986) reported on using computers in 

accounting education. Distressed by the lack of movement to incorporate computers into 

the education process, and in response to the negative responses instructors had toward 

using the computer, they designed a set of programs that would allow students to use the 

computer to perform calculations in two areas of intermediate accounting. The programs 

would prompt for the input of data, perform calculations and allow for variation of the 

financial transactions. The results showed that the group using computers scored no 

worse than the non-users in any area. They also found that, based on scores in the 

previous course, weak students who used the computer performed significantly better than 

weak students who did not use the computer. 
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Friedman (1981) reported on using specific computer programs in the teaching of 

intermediate accounting. One group was allowed to use the program to help with their 

homework, while the other group used the traditional paper and pencil method. Analysis 

indicated that the computer using students achieved at a significantly higher level than did 

the student who used the paper and pencil method. 

Brown, Day and Meade (1989) related computer ownership and grades in a 

beginning business course. Applications used in the course were word processing and 

spreadsheets from an integrated package. They found a positive correlation between 

computer ownership and grades, but only if the student also attended a computer lab that 

was designed to help teach them the software. Students not attending the lab showed no 

correlation between grades and ownership. 

Summary 

To summarize, regardless of how the computer is used in education, one of the 

factors that is of prime importance is what are the effects of using computers on the 

cognitive skills of students. The literature indicates that many of the computer 

applications can be used to contribute to the thinking skills and problem solving abilities 

of students. 

Papert (1980) asserted that as young writers should be using a professional type 

application, so should students be able to use applications to facilitate music making, 

games of skill, etc. He also professed that the computer is not a culture in itself but it 
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should be used to advance very different cultural and philosophical outlooks. Cinque and 

Santomauro (1988) concurred by emphasizing that much of the literature centers on using 

applications, rather than programming, to facilitate the educational process. Many 

different studies in various disciplines claim that the use of computers in instruction 

increases the cognitive skills of students; however, it remains unclear if it is the application 

used that is causing the gain or if it is the environment in which the technology is used that 

results in the gain. None of the studies reviewed specifically address this question which is 

central to this research study. 



REFERENCES 

Ahmed, A. M. (1992). Learning to program and its transference to students' 
cognition. (ERIC document reproduction service No. ED 352 261). 

Allocco, L., Coffey, J., Dalton, A. M., Dariano, J. Dioguardi, J. E., Galterio, L., & 
Monahan, B. (1992, August). To teach or not to teach Logo: reflecting on Logo's 
use as a problem-solving tool. Educational Technology, 32(8), 23-27. 

Astin, A. (1984). Student involvement: a developmental theory for higher education. 
Journal of College Student Personnel, 25, 297-308. 

Bailey, M. G. (1987, Feb). Spreadsheets and databases - alternatives to programming 
for non-computer science majors. ACM Sigcse Bulletin, J9(1), 499-503. 

Becker, H. J. (1991, Summer). Mathematics and science uses of computers in 
American schools, 1989. Journal of Computers in Mathematics and Science 
Teaching, 10( 4), 19-25. 

Bohl, M. (1984). Information Processing. Chicago IL: Science Research Associates. 

Bowerman, C. (1992). Writing and the computer: an intelligent tutoring systems 
solution. Computers in Education, 75(1-3), 77-83. 

Brookfield, S. D. (1987). Developing critical thinkers. San Francisco: Jossey-Bass. 

Brown, R. M., Day II, H. J., & Meade, N. L. (1989). Computer ownership and 
grades. Computers in Education, 13( 1), 17-24. 

Cinque, H. A. & Santomauro, D. J. (1988, June). Information literacy: application 
software and critical thinking. An experience and a proposal. Paper presented at 
the National Educational Computing Conference, Dallas, TX, 2-18. (ERIC 
Document Reproduction Service No. ED 308 878). 

Clay, E. (1994). The effect of problem solving software on the improvement of 
critical thinking skills (Doctoral dissertation, University of North Texas, Denton, 
TX, 1993). Dissertation Abstracts International, A54-09, 3306. AAC 9401133. 

34 



35 

Clay, J. (1994). The use of technology in the delivery of instruction in algebra II in 
Texas public secondary schools. (Doctoral Dissertation, University of North 
Texas, Denton, TX, 1993). Dissertation Abstracts International, A54-08, 2862. 
AAC 9401134. 

Clements, D. H., & Gullo, D. F. (1984). Effects of computer programming on young 
children's cognition. Journal of Educational Psychology, 76(6), 1051-1058. 

Dudley-Marling, C., & Owston, R D. (1988, July). Using microcomputers to teach 
problem solving: a critical review. Educational Technology, 28(7), 27-33. 

Fetters, M., McKenzie, J., & Callaghan, D. (1986, Spring). Does the computer hinder 
accounting education? an analysis of some empirical data. Issues in Accounting 
Education, 76-85. 

Frederiksen, N. (1984, Fall). Implications of cognitive theory for instruction in 
problem solving. Review of Educational Research, 54(3), 363-407. 

Friedman, M. E. (1981, January). The effect on achievement of using the computer as 
a problem-solving tool in the intermediate accounting course. The Accounting 
Review, 56(1), 137-143. 

Halpern, D. J. (1984). Thought and knowledge: An introduction to critical thinking. 
Hillsdale, NJ: Lawrence Erlbaum Associates. 

Higgins, J. E. (1991, Fall). The technological evolution in schools: reflections and 
projections. Contemporary Education, 63(1). 47-53. 

Kay, J., Lublin, J., Poiner, G., & Prosser, M. (1989). Not even well begun: women 
in computing courses. Higher Education, 18(5), 511-527. 

Klassen, P. T.(1983-1984). Changes in personal orientation and critical thinking 
among adults returning to school through weekend college: an alternative 
evaluation. Innovative Higher Education, 8, 55-67. 

Kurland, D. M., Pea, R. D., Clement, C., & Mawby, R. (1986). A study of the 
development of programming ability and thinking skills in high school students. 
Journal of Educational Computing Research, 2(4), 429-458. 

Lukesha, S. (1987). Microcomputer use in higher education: Summary of a survey. 
EDUCOMBulletin, 22(3), 13-17. 



36 

Mayer, R E., Dyck, J. L., & Vilberg, W. (1986, My). Learning to program and 
learning to think: what's the connection? Communications of the ACM, 29(1), 
605-610. 

Mueller, C. (1985). Introducing the faculty across the curriculum to the 
microcomputer. Collegiate Microcomputer, 3(3), 225-228. 

Naisbitt, J. (1982). Megatrends. New York: Warner Books Inc. 

The National Education Goals Report: Building a Nation of Learners. National 
Educational Goals Panel, September, 1993. 

Norris, C., Jackson, L., & Poirot, J. (1992, Spring). The effect of computer science 
instruction on critical thinking skills and mental alertness. Journal of Research on 
Computing in Education, 24(3), 329-337. 

Palumbo, D. B., & Reed, W. M., (1991, Spring), The effect of BASIC programming 
language instruction on high school students' problem solving ability and computer 
anxiety. Journal of Research on Computing in Education, 23(3), 343-372. 

Papert, S. (1980). Mindstorms. New York: Basic Books. 

Pascarella, E. (1989, January). The development of critical thinking: does college 
make a difference? Journal of College Student Development, 30, 19-26. 

Pascarella, E., & Terenzini, P. (1991). How College Affects Students. San Francisco: 
Jossey-Bass. 

Pea, R. D., & Kurland, D. M. (1984). On the cognitive effects of learning computer 
programming. New Ideas in Psychology, 2(2), 137-168. 

Progress Report on The Long-Range Plan for Technology (1993, May). Texas 
Education Agency: Austin TX. 

Roblyer, M. D. (1989). The impact of microcomputer-based instruction on teaching 
and learning: a review of recent research. Syracuse, NY: ERIC Digest. (ERIC 
Document reproduction Service No. ED 315-063). 

Salisbury, D. F. (1992, Spring). Toward a new generation of schools: the Florida 
schoolyear 2000 initiative. Educational Technology, 32, 7-12. 



37 

Smilansky, J. (1984). Problem solving and the quality of invention: an empirical 
investigation. Journal of Educational Psychology, 76(3), 377-386. 

Smith, P., & Dunn, S. (1985, July). Tomorrow's university: serving the information 
society - getting ready for the year 2000. Educational Technology, 25(7). 5-11. 

Solomon, G. (1986). Teaching writing with computers the POWER process. 
Englewood Cliffs, NJ: Prentice Hall. 

Steele, J. (1986). Assessing reasoning and communication skills of postsecondary 
students. Paper presented at the meeting of the American Educational Research 
Association, San Francisco, CA. 

Stelnikov, E. (1991, Fall). Marketing instructional technology: the science of 
seduction. Comtemporary Education, (53(1). 54-57. 

Stewart, J., & Howard, T. P. (1988, Summer). On the use of electronic spreadsheet 
assignments in the cost accounting class. Journal of Research on Computing in 
Education, 28(4), 384-391. 

Strickland, A. W., & Hoffer, T. (1989, Fall). Databases, problem solving and 
laboratory experiences. Journal of Computers in Mathematics and Science 
Teaching, 9(1), 19-28. 

Taylor, H. G., & Mounfield, L. (1991, Winter). An analysis of success factors in 
college computer science: high school methodology is a key element. Journal of 
Research on Computing in Education, 24(2), 240-245. 

Thomas, L. G., & Knezek, D. (1991, Winter). Providing technology leadership for 
restructured schools. Journal of Research on Computing in Education, 24(2), 
265-279. 

Toffler, A. (1980). The Third Wave. New York: William Morrow and Co. 

Turner, J. A. (1985a). A personal computer for every freshman: even faculty skeptics 
are now enthusiasts. The Chronicle of Higher Education, 29(23), 1, 14-15. 

Turner, J. A. (1985b). First colleges to require students to buy computers are elated, 
but some leading institutions in computing are biding time. The Chronicle of 
Higher Education, 29(23), 14, 16. 



38 

Twitchell, D. (ed) (1991, January). Robert M. Gagne and M. David Merrill - in 
conversation. Educational Technology, 3/(1), 34-40. 

Van Horn, R. L. (1985, Spring). How significant is computing for higher education. 
EDUCOMBulletin, 20(1), 6-8. 

Verderber, N. L. (1990, Spring), Spreadsheets and problem solving with AppleWorks 
in mathematics teaching. Journal of Computers in Mathematics and Science 
Teaching, 9(3), 45-51. 

Winter, D., McClelland, D., & Stewart, A. (1981). A new case for the liberal arts: 
Assessing institutional goals and student development. San Francisco: Jossey-
Bass. 



CHAPTER 3 

METHODOLOGY 

Research Design 

This study utilized a nonequivalent control group to study the relationship between 

computer intensive classwork and change in critical thinking skills. The Watson-Glaser 

Critical Thinking Appraisal (WGCTA) was used as both a pretest and posttest. The two 

groups consisted of students enrolled in different sections of the same course taught at the 

same institution. Both groups were administered the WGCTA as a pretest during the first 

week of classes. The experimental treatment consisted of the instructor requiring that 

students make extensive use of the computer during class time for the course. The control 

group was not required to use the computer during instructional class time during the 

course. The course content of both groups was equivalent, since the objectives of the 

course were the same for both groups. Both groups were administered the same form of 

the WGCTA as a posttest during the last full week of instruction for the semester. A 

Demographic Questionnaire was administered to all students. The findings from the 

questionnaire (previous computer experience, gender, and ethnicity) were used as factors 

in a 2 x 2 factorial analysis of variance (ANOVA) in determining change in critical 

thinking skills. Reading skills information obtained from the students' college admission 
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records was also used as a factor. A two-tailed t-test or one-way ANOVA was used to 

determine if pretest scores were significantly different among groups. Pretest and posttest 

mean scores were derived in the study. A two-factorial analysis of covariance was 

performed in which the posttest of the two groups was compared using the pretest scores 

as covariates. This method adjusted the posttest scores for differences in prior knowledge 

between the two groups on the pretest scores. In situations where the pretest scores were 

equivalent, an analysis of variance was performed on the change score. 

Analysis of covariance was used to determine whether the posttest scores of the 

demographic factors and reading skills level differed significantly, again using the pretest 

as a covariate to account for prior knowledge. 

Selection of the Population 

Academic departments at several North Texas institutions of higher education 

were surveyed to locate classes that were taught both as computer intensive (computer) 

and traditional lecture/response (noncomputer) sections. Brookhaven College of the 

Dallas County Community College District had a class listing which met this requirement. 

Approximately one third of their classes of English 101 were offered in a computer writing 

lab, the other two thirds were taught by the noncomputer method. For classes taught by 

both methods, instructors of the computer intensive classes were interviewed and their 

published syllabi were examined regarding their objectives for using computer intensive 

instruction, the main computer application used in the class, and the amount of computer 



41 

time per week anticipated to complete the course successfully. The objectives of this 

research study were discussed with the instructors, and instructors whose course met the 

definition of computer intensive were invited to participate in the project. Instructors of 

the same course but without the computer intensive requirement were interviewed and 

their published syllabi examined regarding course objectives. After a discussion of the 

purpose of this research study, those instructors whose course objectives most closely 

matched the objectives of the computer intensive course were invited to participate in the 

study. By matching classes with the same instructional objectives but differing in the 

computer intensive requirements, the instructional objectives and course content were 

minimized as confounding factors. 

Selection of the Sample 

The sample was made up of four sections of English 101 taught at Brookhaven 

College consisting of two intact classes taught by a computer intensive 

presentation/response method (computer method) and two intact classes of the traditional 

lecture/response method (noncomputer method). The noncomputer group started with 48 

students, 28 of whom completed the study. The noncomputer sections were taught from 

9:00 to 9:50 am on Monday, Wednesday, and Friday, and from 10:30 to 11:50 am on 

Tuesday and Thursday. The computer intensive group started with 45 students, 22 of 

whom completed the study. The computer intensive sections were taught from 11:00 to 
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11:50 am on Monday, Wednesday, and Friday, and from 12:00 to 1:20 pm on Tuesday 

and Thursday. 

Since all students were within their first 30 semester hours of college work at the 

college, it was assumed that there was no significant difference in abilities of students in 

the different comparison groups. However, statistical tests to reconfirm pretest 

equivalency were still carried out. 

Selection and Development of the Instruments 

The instrument chosen for use in measuring critical thinking skills was the Watson-

Glaser Critical Thinking Appraisal (WGCTA). This instrument is designed for use with 

subjects in grades 9-16 and adults. It assumes the subject will be able to read and 

comprehend at the ninth grade level. The WGCTA consists of five categories, or subtests, 

that present instructions, examples, and a short paragraph or statement, and three to five 

questions about the paragraph or statement. This instrument is designed to measure the 

ability to think in general terms rather than simply to think about the acquired subject 

matter, a desirable feature in assessing transference of learning. At the time Buros (1972) 

published a review of the instrument, there were over 100 references that used this 

instrument, and it continues to be used to determine critical thinking skills levels (Norris, 

Jackson and Poirot (1992); Pascarella (1989). Pascarella and Terenzini (1991) in their 

review of the literature dealing with critical thinking skills of college students found the 
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Watson-Glazer Critical Thinking Appraisal was used in a majority of the articles 

published on this subject in the last 20 years. 

The instrument chosen to measure student demographics was a self reporting 

questionnaire developed by the author. It contains questions pertaining to several factors 

identified as possibly having an effect on the results of other studies incorporating 

computer technology. These factors include: (1) gender, (2) ethnicity, and (3) previous 

computer experience defined as having had previous computer classes and/or 

nonclassroom experience. 

Data Collection 

In the selected classes, the students were each administered the Watson-Glazer 

Critical Thinking Appraisal (WGCTA) during the first week of classes (pretest), and the 

same version of the WGCTA was administered during the final full week of class 

instruction (posttest). Data for any student who was absent during any administration or 

who chose to withdraw from the study were deleted for all tests. The Demographic 

Questionnaire was administered with the WGCTA dining the first week of classes. All 

instruments were coded with student I.D.'s and class I.D.'s so that the pretest, posttest, 

and demographic questionnaires could be matched for data analysis. 

For most students participating in the study, the reading skills level was obtained 

from the student records at the college. Various instruments utilized by the college to 

assess the students' reading level include the Scholastic Assessment Test (SAT) verbal 
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score, the American College Testing (ACT) reading score, the Test of English as a 

Foreign Language (TOEFL), and the Descriptive Test of Language Skills (DTLS) reading 

score. Students were assigned to the low reading skills group or the high reading skill 

group if their reading entrance assessment scores resulted in an assignment to a remedial 

reading course or an academic English course, respectively. Since all students involved in 

this study were assigned to the English 101 course, it was assumed that all students in the 

low reading skills group had successfully completed the required remedial reading course. 

For those students whose college record did not specify reading skills level, their scores 

were eliminated from any analysis involving reading skills 

Data Analysis 

Research Question One: To determine the effect on college students' critical 

thinking skills of computer intensive classwork as compared to the effect on college 

students' critical thinking skills of noncomputer classwork. 

Change in college students' critical thinking skills from computer intensive or 

noncomputer instruction were evaluated using pretest and change score data. Since 

pretest mean score differences were not significant based on a two-tailed t-test, an analysis 

of variance (ANOVA) was performed on the change scores for each subtest and total test 

score. The independent variable for the analysis of variance procedure was computer 

intensive instruction versus noncomputer instruction. Expected sources of variation were 

examined between groups, that is, between students taught by computer intensive 
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instruction and students taught by noncomputer instruction, and within these two groups 

of students. To test the significance of the mean score differences, an F-value was 

calculated and compared with the critical value of F for the appropriate number of degrees 

of freedom 

Research Question Two: To determine if the relationship between change in critical 

thinking skills and computer intensive classwork is influenced by a student's 

previous computer experience. 

Students were categorized into various previous computer experience groups as 

defined by: (1) combined classroom/nonclassroom computer experience, (2) classroom 

experience, and (3) nonclassroom experience. Within each group, criteria were 

established for identifying students as either experienced or inexperienced. For previous 

combined classroom/nonclassroom experience, an inexperienced student was identified as 

having completed less than one class and had less than one year nonclassroom experience, 

while the experienced student had completed at least one class or a total of at least one 

year classroom/nonclassroom experience. For the previous classroom experience group, 

students who had completed less than one class were identified as inexperienced, while 

students who had completed at least one class were experienced. For the previous 

nonclassroom experience group, an inexperienced student was identified as having 

completed less than one year nonclassroom experience, while the experienced student had 

completed at least one year classroom/nonclassroom experience. For each of the three 
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experience groups defined above, a one-way ANOVA was used to compare students' 

pretest scores to determine if there were significant differences in inexperienced and 

experienced groups. If no significant differences were found, a 2 x 2 ANOVA was 

performed on the change scores for the following groups: (1) computer intensive 

instruction, low previous computer experience; (2) computer intensive instruction, high 

previous computer experience; (3) noncomputer instruction, low previous computer 

experience; and (4) noncomputer instruction, high previous computer experience. If the 

differences on the one-way ANOVA were significant, a 2 x 2 analysis of covariance 

(ANCOVA) was used to determine if the posttest scores were significantly different. 

Research Question Three: To determine if the gender of a student affects the 

relationship between change in critical thinking skills and computer intensive 

classwork. 

A two-tailed t-test was performed to determine if the two gender groups differed 

on any score at the pretest level. Since there were no differences found, a 2 X 2 ANOVA 

was performed to test the relationship between student's change in critical thinking skills 

due to computer intensive instruction and the student's gender. The four groups involved 

were: (1) computer intensive instruction, female; (2) computer intensive instruction, male; 

(3) noncomputer instruction, female; and (4) noncomputer instruction, male. 
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Research Question Four: To determine if the ethnicity of a student affects the 

relationship between change in critical thinking skills and computer intensive 

classwork. 

A one-way ANOVA was performed to determine if there were any differences in 

the pretest scores of the four ethnic groups (black, hispanic, asian, and white). Since 

significant differences were found with the one-way ANOVA, a Scheffe's test was used to 

locate which scores were significantly different. A one-way ANOVA and Scheffe's test 

were performed on pretest, posttest, and change scores for the black, hispanic and asian 

groups. Since no significant differences were found, the three demographic groups were 

recombined and identified as the minority group. A one-way ANOVA was then 

performed using the minority and white demographic groups. Since significant differences 

were found, a 2 x 2 ANCOVA was performed on the posttest scores of the following 

groups: (1) noncomputer, minority; (2) computer, minority; (3) noncomputer, white; and 

(4) computer, white. 

Research Question Five: To determine if a student's reading skills affects the 

relationship between change in critical thinking skills and computer intensive 

classwork. 

A two-tailed t-test was performed on the pretest scores of the two reading skill 

level groups (low reading skill level having been assessed as reading below grade level and 

needing remediation; and high reading skill level having been assessed as reading at grade 
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level or above). Since significant differences were found a 2 x 2 ANCOVA was 

performed on the posttest scores of the following groups: (1) noncomputer, low reading 

skills; (2) computer, low reading skills; (3) noncomputer, high reading skills; and (4) 

computer, high reading skills. 
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CHAPTER 4 

ANALYSIS OF DATA 

Introduction 

The purpose of this chapter is to present an analysis of data obtained for studying 

the change in critical thinking skills of students taking a freshman level English writing 

course in the community college environment. The course was taught both as a traditional 

lecture/response (noncomputer) class and as a computer intensive writing class where 

most classroom interactions were carried out through the use of a specialized networking 

and writing software (computer). By analyzing change in critical thinking skills, it is 

hoped that the data from this study provides some evidence as to whether computer usage 

directly affects a student's critical thinking skills and also which student population benefits 

the most so that the allocation of computer technology can be targeted at the population in 

which it will make the greatest difference. This chapter presents summaries of the data 

gathered and also presents analyses of the data in answering the research questions 

presented in Chapter 3. 
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Population 

The population for this study consisted of students enrolled in English 101 courses 

at Brookhaven College of the Dallas County Community College District. The sample 

consisted of four sections of the population course. Two intact sections were taught by a 

traditional, lecture/response method (noncomputer) in a traditional classroom, and two 

intact sections were taught by a computer intensive presentation/response (computer) 

method in the computer lab. The noncomputer group started with 48 students, 28 of 

whom completed the study. The computer group started with 45 students, 22 of whom 

completed the study. The noncomputer sections were taught from 9:00 to 9:50 am on 

Monday, Wednesday, and Friday, and from 10:30 to 11:50 am on Tuesday and Thursday. 

The computer sections were taught from 11:00 to 11:50 am on Monday, Wednesday, and 

Friday, and from 12:00 to 1:20 pm. on Tuesday and Thursday. 

Statistical Procedures 

The Watson-Glaser Critical Thinking Appraisal (WGCTA) was given as a pretest 

at the beginning of the course and again as a posttest at the end of the course. Each test 

yielded five subtest scores: Inference, Recognition of Assumptions (Assumptions), 

Deduction, Interpretation, and Evaluation of Arguments (Arguments). These five subtest 

scores were then used to calculate the total score. The five subtest scores and a total test 

score were recorded for the pretest and posttest for all subjects who completed the study. 
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Change scores were obtained by subtracting the pretest scores from the posttest scores on 

all five subtest scores, or subscores, as well as the total test. Change in the different 

subtest scores have been seen in previous studies concerning computer usage and critical 

thinking. Students without a pretest or posttest score were excluded from all analyses. A 

Demographic Questionnaire was also administered to each student at the beginning of the 

study. The Demographic Questionnaire yielded scores for gender, ethnicity, and previous 

computer experience. A reading skills score was obtained for students from information 

on file in the student permanent record at the college. Students without a score in an area 

were excluded from any analysis that pertained to that area; for example, several students 

had no information pertaining to their reading skills, and these students were excluded in 

any analysis that required a reading skills score. 

Change in Critical Thinking Skills due 

to Computer Intensive Instruction. 

The Watson-Glazer Critical Thinking Appraisal, given as a pretest and again as a 

posttest, was used to measure each student's critical thinking skills at the beginning and 

the end of the course, respectively. The difference between these two scores was the 

measure used for the change score in critical thinking skills. As shown in Table 1, there 

were no significant differences between the two treatment groups in any of the pretest 

subscores or on the pretest total score. Since the Mests for independent means found no 

significant differences between the two groups for any of the scores on the pretest, an 
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Table 1 

Two-Tailed /-Test Comparison of Pretest Mean Scores for Treatment Groups for 

Watson-Glaser Critical Thinking Appraisal 

Group Mm Max Mean S D t-vafue s% 

Inference Noncomputer 2 12 6.7 2.5 -0.14 .89 Inference 

Computer 2 11 6.8 2.8 

Assumptions Noncomputer 4 16 10.6 2.8 -1.04 .30 Assumptions 

Computer 2 15 11.5 3.6 

Deduction Noncomputer 3 13 8.4 2.3 -1.56 .13 Deduction 

Computer 5 13 9.4 3.3 

Interpretation Noncomputer 5 13 9.8 2.0 -1.27 .21 Interpretation 

Computer 6 15 10.6 2.5 

Arguments Noncomputer 2 14 9.5 2.9 0.13 .90 Arguments 

Computer 0 14 9.4 4.5 

Total Noncomputer 33 59 45.0 7.7 -1.06 .30 Total 

Computer 29 64 47.7 10.4 
computer n=22 

analysis of variance (ANOVA) was performed to determine if there were significant 

differences in the change scores on any of the subtests from the pretest to the posttest 

between the groups. The ANOVA of change scores (Table 2) did find significant changes 

in the scores for Recognition of Assumptions (Assumptions) and Interpretation subscales. 

As can be seen in Table 3, on the Assumptions subscale, both treatment groups showed a 
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Table 2 

ANOVA of Change Scores by Treatment Groups for Watson-Glaser Critical 

Thinking Appraisal 

Sum of 
_ Spares 0 F . j 

Mean 

L 1 F-Hatlo i s 

Inference 7.11 1 7.11 1.08 .30 

Within-groups 316.67 48 6.60 

Total 323.78 49 6.61 

Assumptions 26.41 1 26.41 4.62 *.04 

Within-groups 274.46 48 5.72 

Total 100.88 49 6.14 

Deduction 2.16 1 2.16 .26 .61 

Within-groups 402.42 48 8.38 

Total 404.58 49 8.26 

Interpretation 23.68 1 23.68 6.83 *.01 

Within-groups 166.34 48 3.47 

Total 190.02 49 3.88 

Arguments 0.44 1 0.44 0.04 .84 

Within-Groups 509.88 48 10.62 

Total 510.32 49 10.42 

Total Change 3.37 1 3.37 0.14 .71 

Within-groups 1145.61 48 23.87 

Total 1148.98 
*p <.05 noncomputer n=28; computer n-22 
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Table 3 

Pretest/Posttest/Change Scores by Treatment Groups for Watson-Glaser 

Critical Thinking Appraisal 

Noncomputer Computer , 

Inference pretest 6.71 6.81 Inference 

posttest 7.00 7.86 

Inference 

change 0.29 1.05 

Assumptions pretest 10.61 11.54 Assumptions 

posttest 10.57 10.04 

Assumptions 

change* -0.04 -1.50 

Deduction pretest 8.39 9.40 Deduction 

posttest 9.35 9.95 

Deduction 

change 0.96 0.54 

Interpretation pretest 9.78 10.59 Interpretation 

posttest 9.03 11.23 

Interpretation 

change* -0.75 0.64 

Arguments pretest 9.50 9.36 Arguments 

posttest 10.86 10.90 

Arguments 

change 1.36 1.55 

Total pretest 45.00 47.72 Total 

posttest 46.75 50.00 

Total 

change 1.75 2.27 
*p <.05 noncomputer n=28; computer n=22 
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decrease in the score. The noncomputer group showed a decrease of only 0.04 points and 

the computer group, a decrease of 1.5 points, resulting in a difference in score of about 

1.46 points between the two groups. On the Interpretation subtest, the noncomputer 

group had a decrease of 0.75 points, while the computer group showed an increase of 

0.64 points, indicating a difference of about 1.39 points between the two groups. 

In the area of total critical thinking score, there was no significance in the pretest 

to posttest change for the computer versus noncomputer group. However, as shown in 

Table 3 and in Figure 1, the trend was for the computer group to have a greater increase 

in total change score in critical thinking skills (2.27 points) than did the noncomputer 

group (increase of 1.75 points). 

Figure 1 

Critical Thinking Change Score by Treatment 

3.0 

O 1.0 

noncomputer computer 

T reatment 
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Combined Previous Classroom/Nonclassroom Computer Experience 

as a Factor in Change in Critical Thinking Skills 

Table 4 summarizes the test results as pretest, posttest and change mean scores for 

the two combined previous classroom/nonclassroom computer experience groups: 

inexperienced (less than one year total classroom/nonclassroom computer experience); and 

experienced (one year or more total classroom/nonclassroom computer experience). 

A one-way ANOVA comparison was performed on the pretest mean score for all 

test scales to determine if student scores in the two experience groups were significantly 

different at the pretest level. It was determined that the scores of the two groups did not 

differ significantly although the inexperienced students scored slightly less than the 

experienced students, as can be seen in Table 5. 

Since the one-way ANOVA showed no significant differences at the pretest level, 

a 2 x 2 ANOVA was performed on the change score of each of the subtests and the total 

change score. As shown in Table 6, Treatment was a significant factor in the change 

scores for the Assumptions and the Interpretation subtests. This is the same treatment 

effect disclosed in the computer intensive treatment section above. Combined Experience, 

Treatment, and Combined Experience x Treatment were not significant factors in any 

other subtest or the total test. 

On the total test, as shown in Figure 2, among the inexperienced students the 

noncomputer group gained 2.6 points, while the computer students gained 1.11 points. 
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Table 4 

Pretest/Posttest/Change Scores bv Previous Combined Experience 

Groups for Watson-Glaser Critical Thinking Appraisal 

Inexperienced ij Experienced 

Inference pretest 6.04 7.42 

posttest 7.00 7.73 

change 0.96 0.31 

Assumptions pretest 10.91 11.12 

posttest 10.00 10.65 

change -0.92 -0.46 

Deduction pretest 8.21 9.42 

posttest 8.83 10.35 

change 0.62 0.92 

Interpretation pretest 9.75 10.50 

posttest 9.62 10.34 

change -0.13 -0.15 

Arguments pretest 8.91 9.92 

posttest 10.50 11.23 

change 1.58 1.31 

Total pretest 43.83 48.38 

posttest 45.87 50.31 

change 2.04 1.92 
p <0.05 inexperienced n—24; experienced n=26 
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Table 5 

One-way ANOVA Comparison of Pretest Mean Scores for Previous Combined 

Computer Experience Groups for Watson-Glaser Critical Thinking Appraisal 

Group ; M B Max Mean SD F«Ratio Sig 

Inference Inexperienced 2 12 6.0 2.7 3.54 .07 Inference 

Experienced 4 12 7.4 2.5 

Assumptions Inexperienced 4 15 10.9 2.7 0.48 .83 Assumptions 

Experienced 2 16 11.1 3.6 

Deduction Inexperienced 3 13 8.2 2.4 3.16 .06 Deduction 

Experienced 5 13 9.4 2.2 

Interpretation Inexperienced 5 13 9.8 2.1 1.42 .24 Interpretation 

Experienced 6 15 10.5 2.3 

Arguments Inexperienced 1 14 8.9 3.3 0.96 .33 Arguments 

Experienced 0 14 9.9 3.9 

Total Inexperienced 33 64 43.8 8.4 3.32 .07 Total 

Experienced 29 63 48.4 9.1 
*p<. 05 inexperienced n=24; experienced n= 26 

Among the experienced students, the noncomputer group gained 0.77 points and the 

computer group gained 3.08 points. 
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Table 6 

2 x 2 ANOVA of Assumptions and Interpretation Change Score by Previous Combined 

Computer Experience and Treatment for Watson-Glaser Critical Thinking Appraisal 

Sum of 
Squares 

Mean 
Square F-Ratio Sig 

Assumptions Change 
Combined Experience 

5.16 1 5.16 0.92 .34 

Treatment 28.99 1 28.99 5.18 *.03 

Combined Experience x 
Treatment 

11.73 1 11.73 2.10 .15 

Within-groups 257.66 46 5.60 

Total 300.88 49 6.14 

Interpretation Change 
Combined Experience 

0.52 1 0.52 0.15 .70 

Treatment 24.19 1 24.19 6.91 *01 

Combined Experience x 
Treatment 

4.84 1 4.84 1.38 .25 

Within-groups 160.99 46 3.5 

Total 190.02 49 3.87 
' p <.05 inexperienced, noncomputer n=15; inexperienced, computer n=9; 

experienced, noncomputer n=13; experienced, computer n= 13 
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Figure 2 

Critical Thinking Change Score by Previous Combined Computer Experience and 

Treatment 

<D 2.0 

iS 1.0 

inexperienced 

Combined experience 

experienced 

Treatment 

•noncomputer 

•computer 

Previous Computer Classroom Experience as a Factor 

in Change in Critical Thinking Skills 

Table 7 summarizes the test results pretest, posttest and change mean scores for 

the two experience groups: having completed no classes and having completed 1-3 

classes. 

A one-way ANOVA comparison of means showed no difference in critical 

thinking scores for the two groups at the pretest level (Table 8). Since there were no 
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Table 7 

Pretest/Posttest/Change Scores bv Previous Computer Classes Groups for 

Watson-Glaser Critical Thinking Appraisal 

Ho Classes : 3 Classes 

Inference pretest 7.00 6.00 

posttest 7.76 6.17 

change 0.76 0.17 

Assumptions pretest 11.29 10.17 

posttest 10.42 10.08 

change -0.87 -0.08 

Deduction pretest 8.42 8.83 

posttest 9.32 10.58 

change 0.47 1.75 

Interpretation pretest 10.08 10.33 

posttest 10.15 9.50 

change -0.08 -0.83 

Arguments pretest 9.37 9.67 

posttest 10.92 10.75 

change 1.55 1.08 

Total pretest 46.57 45.00 

posttest 48.53 47.08 

change 1.95 2.08 
p <0.05 no classes n=38; 1-3 classes n=J2 
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Table 8 

Qne-wav ANOVA Comparison of Pretest Mean Scores for Previous Computer Classes 

Groups for Watson-Glaser Critical Thinking Appraisal 

Group Min Max Mean ! SD F-Ratio ; Sig 

Inference No Classes 2 12 7 2.8 1.30 .26 Inference 

1-3 Classes 3 9 6 1.9 

Assumptions No Classes 2 . 16 11.3 3.2 1.15 .29 Assumptions 

1-3 Classes 5 15 10.2 3.2 

Deduction No Classes 3 13 8.8 2.3 0.00 .99 Deduction 

1-3 Classes 5 13 8.8 2.4 

Interpretation No Classes 5 14 10.1 2.1 0.12 .73 Interpretation 

1-3 Classes 7 15 10.3 2.6 

Arguments No Classes 0 14 9.4 3.6 0.06 .81 Arguments 

1-3 Classes 0 14 9.7 3.7 

Total No Classes 32 64 46.6 8.9 0.28 .60 Total 

1-3 Classes 29 61 45 9.7 
*p<.05 no classes n=38; 1-3 classes n= 12 

differences at the pretest level, a 2 x 2 ANOVA was performed on the change score, 

which found significant differences in scores on the Interpretation and the Assumptions 

scores for Treatment as seen in Table 9. This treatment is the same effect as seen in the 

computer treatment section above. No significant differences in the change scores of the 

other subscales or the total test score for Classroom Experience, Treatment, or 

Experience x Treatment were found. 
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Table 9 

One-way ANOVA Comparison of Pretest Mean Scores for Previous Computer Classes 

Groups for Watson-Glaser Critical Thinking Appraisal 

Sum <»f 
Squads DF 

-Mean 
Square i F-Eatio 

Interpretation Change Score 
Computer Classes 

6.90 1 6.90 1.99 .17 

Treatment 22.99 1 22.99 6.63 *01 

Classes x Treatment 0.02 1 0.02 0.01 .95 

Within-groups 159.42 46 3.47 

Total 190.02 49 3.88 

Assumptions Change Score 
Computer Classes 

5.00 1 5.00 0.92 .34 

Treatment 25.80 1 25.80 4.72 *.04 

Classes x Treatment 18.18 1 18.18 3.33 .08 

Within-groups 251.28 46 5.46 

Total 300.88 49 6.14 
fp <.05 inexperienced, noncomputer n—21; inexperienced, computer n=17; 

experienced, noncomputer n=7; experienced, computer n=5 

Even though there was no significance in the total change score, Figure 3 shows 

that among the inexperienced students, the noncomputer groups increased their mean 

score about 1.75 points while the computer group increased their scores slightly more to a 

mean of 2.27 points. Among the experienced students, the noncomputer group increased 

their mean score about 1.75 points, while the computer group increased their mean score 

about 2.5 points. Within the noncomputer group, the students' previous computer classes 
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showed little effect on critical thinking change score. Also, within the computer group, 

experienced students gained slightly more than their inexperienced counterparts. 

Figure 3 

Critical Thinking Change Score by Previous Computer Classes and Treatment 
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Nonclassroom Computer Experience as a Factor in Change 

in Critical Thinking Skills 

Table 10 summarizes the test results as pretest, posttest and change mean scores 

for the two experience groups: inexperienced (less than a year of previous nonclassroom 
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computer experience; and experienced (one year or more of previous nonclassroom 

computer experience). 

A one-way ANOVA comparison of the means of the pretest scores for the 

previous nonclassroom computer experience groups found significant differences in the 

critical thinking scores between the two experience groups. Table 11 indicates that the 

experienced group had a mean score over 7 points higher than the inexperienced group at 

the pretest level for the total test score. A 2 x 2 analysis of covariance (ANCOVA) on 

posttest scores using the pretest score as the covariate showed significant differences on 

the Assumptions and Interpretation scores due to treatment as an affect (Table 12). On 

the adjusted means posttest Assumptions score, the noncomputer group scored 1.37 point 

above the computer group. On the Interpretation subtest adjusted mean score, the 

computer group outscored the noncomputer group by about 1.7 points. No other 

subscale nor the total test score showed a significant effect from Experience, Treatment or 

the Experience x Treatment interaction. 

When the change scores were examined (Figure 4), among the inexperienced 

students, the noncomputer group gained more than the computer group, but among the 

experienced students, the computer group gained an average of more than two points in 

critical thinking skills over the inexperienced students. 
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Table 10 

Qne-wav ANOVA Comparison of Pretest Mean Scores for Previous Nonclassroom 

Computer Experience Groups for Watson-Glaser Critical Thinking Appraisal 

Inexperienced i Experienced 

Inference pretest* 5.90 6.05 Inference 

posttest 6.53 8.65 

Inference 

change 0.63 0.60 

Assumptions pretest 11.00 11.05 Assumptions 

posttest 9.93 10.95 

Assumptions 

change -1.07 -0.10 

Deduction pretest* 8.17 9.85 Deduction 

posttest 9.13 10.35 

Deduction 

change 0.97 0.50 

Interpretation pretest* 9.53 11.05 Interpretation 

posttest 9.47 10.80 

Interpretation 

change -0.07 -0.25 

Arguments pretest 8.70 10.55 Arguments 

posttest 10.43 11.55 

Arguments 

change 1.73 1.00 

Total pretest* 43.30 50.55 Total 

posttest 45.43 52.30 

Total 

change 2.13 1.75 
*p <.05 inexperienced n=30; experienced n=20 
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Table 11 

Qne-wav ANOVA Comparison of Pretest Mean Scores for Previous Nonclassroom 

Computer Experience Groups for Watson-Glaser Critical Thinking Appraisal 

Group i Min Max Mem SD F-Ratio Slg 

Inference Inexperienced 2 12 5.9 2.6 9.13 *<.01 Inference 

Experienced 4 12 8.1 2.3 

Assumptions Inexperienced 4 15 11.0 2.5 0.00 .96 Assumptions 

Experienced 2 16 11.1 4.1 

Deduction Inexperienced 3 13 8.2 2.2 7.13 *.01 Deduction 

Experienced 5 13 9.9 2.2 

Interpretation Inexperienced 5 13 9.5 2.1 6.12 *.02 Interpretation 

Experienced 6 15 11.1 2.1 

Arguments Inexperienced 0 14 8.7 3.5 3.27 .08 Arguments 

Experienced 0 14 10.6 3.7 

Total Inexperienced 29 64 43.3 8.2 9.05 *<.01 Total 

Experienced 32 63 50.6 8.6 
*p<.05 inexperienced n=30; experienced n= 20 
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Table 12 

2 x 2 ANCOVA of Assumptions and Interpretation Posttest Scores by Previous 

Nonclassroom Computer Experience and Treatment for Watson-Glaser 

Critical Thinking Appraisal 

; Sum of 
j Squares DF 

Mean 
Square j i F-Ratio m 

Covariate/Assumptions 
Pretest Score 

283.22 1 283.22 54.57 *<01 

Computer Experience 14.77 1 14.77 2.85 .10 

Treatment 22.55 1 22.55 4.35 *.04 

Computer Experience x 
Treatment 

4.40 1 4.40 0.85 .36 

Within-groups 233.55 45 5.19 

Total 555.22 49 11.33 

Covariate/Interpretation 
Pretest score 

99.73 1 99.73 38.32 *<.01 

Computer Experience 1.20 1 1.20 0.46 .50 

Treatment 35.22 1 35.22 13.53 *.01 

Computer Experience x 
Treatment 

4.13 1 4.13 1.59 .21 

Within-groups 117.28 45 2.60 

Total 258.00 49 5.27 
*p<.05 inexperienced, noncomputer n=15; inexperienced, computer n=9; 

experienced, noncomputer n=13; experienced, computer n=13 



70 

Figure 4 

Critical Thinking Change Score by Previous Nonclassroom Computer 

Experience and Treatment 

Treatment 

less than 1 year 
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one year or more 
computer 

Gender as a Factor in Change 

in Critical Thinking Skills 

Table 13 summarizes the test results from the pretest, posttest and change scores 

for the gender grouping. A two tailed /-test for independent means on the pretest, 

presented in Table 14, found that there was no significant difference between the mean 
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scores of the two genders on any of the subscale pretest scores or on the total pretest 

score, even though the female group did score slightly higher on all tests at this level. 

Since there were no significant differences at the pretest level, a 2 x 2 ANOVA 

was conducted on each of the subtest change scores and on the total change score 

resulting in the significant effects shown in Table 15. The ANOVA found a significant 

Gender x Treatment interaction effect on change scores for the Interpretation subscale. 

Because the Gender x Treatment interaction was significant, males were separated from 

the females for further analysis. A one-way ANOVA found no significant differences 

between the two treatment groups for the females (F=0.51, 1 x 29 d f , NS); however, 

between the two treatment groups for males (F= 11.98,1 x 19 d f , p<01), significance was 

found. Males in the computer group gained 2.5 points, while males in the noncomputer 

group lost 1.07 points. 

For the total change score, the 2 x 2 ANOVA found the Gender x Treatment 

interaction to be nonsignificant, while Gender alone was a significant main effect in the 

total change in critical thinking. As shown in Table 13, females gained an average of 0.72 

points, while males gained an average of 3.85 points in total critical thinking score. Figure 

5 shows this effect in that as a whole, males increased their critical thinking skills more 

from taking this class than did females, as males outgained females by over 3 points in the 

group means. It also indicates that students in the computer group gained slightly more 

points than did their counterparts in the noncomputer group. 
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Table 13 

Pretest/Posttest/Change Mean Scores bv Gender Groups for Watson-Glaser 

Critical Thinking Appraisal 

Female Male 

Inference pretest 6.80 6.70 Inference 

posttest 7.33 7.45 

Inference 

change 0.53 0.75 

Assumptions pretest 11.23 10.70 Assumptions 

posttest 10.20 10.55 

Assumptions 

change -1.03 -0.15 

Deduction pretest 9.20 8.30 Deduction 

posttest 9.50 9.80 

Deduction 

change 0.30 1.50 

Interpretation pretest 10.50 9.61 Interpretation 

posttest 10.26 9.60 

Interpretation 

change -0.23 -0.01 

Arguments pretest 9.66 9.10 Arguments 

posttest 10.83 10.95 

Arguments 

change 1.16 1.85 

Total pretest 47.40 44.20 Total 

posttest 48.13 48.25 

Total 

change* 0.73 3.85 
*p <.05 female n=30; male n=20 
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Table 14 

Two-Tailed /-Test Comparison of Pretest Mean Scores for Gender Groups for 

Watson-Glaser Critical Thinking Appraisal 

M M B l i i l l Max ! Mean l i i l l t«value Sig 

Inference Female 2 12 6.8 2.2 0.13 .90 Inference 

Male 2 12 6.7 2.7 

Assumptions Female 2 16 11.2 3.3 0.58 .57 Assumptions 

Male 4 15 11.0 3.1 

Deduction Female 3 13 9.2 2.3 1.36 .18 Deduction 

Male 5 13 8.3 2.3 

Interpretation Female 7 15 10.5 2.2 1.41 .16 Interpretation 

Male 5 12 9.6 2.2 

Arguments Female 0 14 9.6 3.7 0.54 .59 Arguments 

Male 0 14 9.1 3.5 

Total Female 29 63 47.4 8.7 1.16 .25 Total 

Male 32 64 44.1 9.2 

*p<.05 female n=30; male n— 20 
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Table 15 

2x2 ANCOVA of Interpretation and Total Change Scores by Gender and Treatment for 

Watson-Glctser Critical Thinking Appraisal 

Sum of 
Squares DF 

Mean 
Square i i F-Eatio i Sijg 

Interpretation Change Score 
Gender 

3.93 1 3.93 1.34 .25 

Treatment 26.96 1 26.96 9.20 *<.01 

Gender x Treatment 27.61 1 27.61 9.43 *<.01 

Within-groups 134.76 46 2.93 

Total 190.02 49 3.88 

Total Change Score 
Gender 

132.91 1 132.91 6.07 *.02 

Treatment 19.72 1 19.72 0.90 .35 

Gender x Treatment 4.40 1 4.40 0.20 .66 

Within-groups 1008.29 46 21.92 

Total 1148.98 49 23.45 

jemaie, noncompuier n=m; jemaie, computer t 
male, noncomputer n~14; male computer n=6 
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Figure 5 

Critical Thinking Change Score by Gender and Treatment 
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Ethnicity as a Factor in Change 

in Critical Thinking Skills 

Table 16 summarizes the test scores obtained on the pretest, posttest and change 

scores by ethnicity group from the Watson-Glaser Critical Thinking Appraisal. Because 

of the four groups in the ethnicity grouping, a one-way ANOVA was carried out to 

determine if there were any differences between the ethnic groups at the pretest level for 

each of the subtest scores and the total score. The one-way ANOVA shown in Table 17 
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Table 16 

Pretest/Posttest/Change Scores hv Ethnic Groups for Watson-Glaser Critical Thinking 

Appraisal 

Black Hispanic ; Asian m i t e 

Inference pretest* 6.33 6.33 4.25 7.60 

posttest 6.00 8.11 5.50 7.80 

change -0.33 1.78 1.25 0.25 

Assumptions pretest 11.33 11.44 10.88 10.90 

posttest • 12.00 9.56 9.38 10.67 

change 0.67 -1.89 -1.50 -0.23 

Deduction pretest 8.00 8.00 8.13 9.37 

posttest 9.67 9.56 9.50 9.67 

change 1.67 1.55 1.37 0.78 

Interpretation pretest* 8.33 9.00 8.88 11.00 

posttest 10.00 8.78 8.75 10.70 

change 1.67 -0.22 -0.13 -0.30 

Arguments pretest* 5.67 8.11 6.75 10.93 

posttest 9.00 10.67 10.25 11.30 

change 3.33 2.56 3.50 0.37 

Total pretest* 39.67 42.89 38.87 49.80 

posttest 46.33 46.56 43.38 50.13 

change 6.67 3.67 4.50 0.33 
*p<.05 black n=3; Hispanic n=9; Asian n=8; white n=30 
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Table 17 

One-way ANOVA Comparison of Pretest Mean Scores by Ethnic Groups for 

Watson-Glaser Critical Thinking Appraisal 

i Orcttip | Mia Max Mean SJ> F-Ratio 1 1 Sis 

Inference Black 2 10 6.3 3.5 4.13 *.01 

Hispanic 2 9 6.3 2. 8 

Asian 2 7 4.3 1.7 

White 4 12 7.6 2.4 

Assumptions Black 9 15 11.3 3.2 0.08 .97 

Hispanic 9 13 11.4 1.3 

Asian 7 14 10.9 2.4 

White 2 16 10.9 3.8 

Deduction Black 7 93 8.0 1.0 1.32 .27 

Hispanic 3 13 8.0 2.5 

Asian 6 11 8.1 1.8 

White 5 13 9.3 2.4 

Interpretation Black 5 11 8.4 3.1 4.61 *<.01 

Hispanic 7 12 9.0 1.8 

Asian 7 11 8.9 1.3 

White 6 15 11.0 2.1 

Arguments Black 0 10 5.7 5.1 6.10 *<.01 

Hispanic 2 11 8.1 3.0 

Asian 0 11 6.8 4.5 

White 6 14 10.9 2.7 
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1 OfOtjp I Mitt Max Mean SI> F-Ratio 1 i % 

Total Black 35 45 39.7 5.0 5.46 *<.01 

Hispanic 33 54 42.9 7.5 

Asian 29 48 38.9 5.9 

White 32 64 49.8 8.7 
*p<.05 black n=3; Hispanic n—9; Asian n—8; white n=30 

indicates that four of the six pretest scores were significantly different among the groups. 

Test scores that were significantly different were Inference, Interpretation, Arguments and 

the total score. Because the four groups did not immediately indicate where the significant 

differences were located, a Scheffe's multiple comparison procedure was conducted. The 

Scheffe's test indicated that the significant differences were between the Asian and white 

group in the Inference and Arguments subtest scores and total pretest score. The 

Interpretation subscore did not show significance by the Scheffe's test. 

A visual examination of the data in Table 16 indicated that the results for the 

minority students (black, Hispanic and Asian) were very similar to each other; they all 

showed change in critical thinking scores, but different from the white students who 

showed almost no change. Also, the number of students in the black and Hispanic groups 

was low and would probably not show significance. Because of these factors, the decision 

was made to investigate the possibility of combining these three groups into one (minority) 

classification. One-way ANOVA's were performed on all pretest, posttest, and change 

scores for these three groups and no significance differences were found. 



79 

Because the results of these investigations indicated that the black, Hispanic and 

Asian groups responded similarly, the decision was made to recode the four ethnic groups 

into two groups, i.e., combined minority and white. Table 18 summarizes the test data for 

these new ethnic groupings. A one-way ANOVA comparison of means was performed 

on the pretest scores of the new grouping (Table 19), and the results showed that at the 

pretest level, there were significant differences between the scores of the two groups. This 

table indicates that the combined minority students scored nine points lower than did the 

whites on the pretest total score. A 2 x 2 ANCOVA of posttest scores using the pretest 

scores as the covariate (Table 20) indicated that there were significant differences in the 

Inference and Interpretation posttest scores. On the Inference subscale, the Ethnicity x 

Treatment interaction was a significant effect. To elucidate the differences, the combined 

minority and white groups were analyzed separately. A one-way ANOVA was performed 

on each ethnicity group for the Inference subscale, the noncomputer combined minority 

group scored nearly 2.5 points higher than the computer combined minority group. For 

the total change score, there were no significant differences due to Ethnicity, Treatment or 

the Ethnicity x Treatment interaction in any of the other posttest scores. 

Even though no significance was found in the total test score, Figure 6 shows that 

the combined minority students increased their scores by over 4 points, whereas the white 

students scores increased by less than one half point. Figure 6 also indicates that the 

computer group in each ethnic group gained slightly more than their noncomputer 

counterparts. 
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Table 18 

Pretest/Posttest/Change Scores hv Ethnic Groups for 

Watson-Glaser Critical Thinking Appraisal 

Minority White 

Inference pretest* 5.50 7.60 Inference 

posttest 6.75 7.80 

Inference 

change 1.25 0.25 

Assumptions pretest 11.20 10.90 Assumptions 

posttest 9.85 10.67 

Assumptions 

change -1.35 -0.23 

Deduction pretest 8.05 9.37 Deduction 

posttest 9.55 9.67 

Deduction 

change 1.50 0.78 

Interpretation pretest* 8.85 11.00 Interpretation 

posttest 8.95 10.70 

Interpretation 

change 0.10 -0.30 

Arguments pretest* 7.20 10.93 Arguments 

posttest 10.25 11.30 

Arguments 

change 3.05 0.37 

Total pretest* 40.80 49.80 Total 

posttest 45.25 50.13 

Total 

change 4.45 0.33 
*p<.05 minority n=20; white n=30 
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Table 19 

One-way ANOVA Comparison of Pretest Mean Scores hv Ethnic Groups 

for Watson-Glaser Critical Thinking Appraisal 

Group Mia Max Mean SJ> F»Ratio ! 1 % 
Inference Minority 2 10 5.5 2.6 8.63 *<.01 Inference 

White 4 12 7.6 2.4 

Assumptions Minority 7 15 11.2 2.0 0.11 .74 Assumptions 

White 2 16 10.9 3.8 

Deduction Minority 3 12 8.1 2.0 4.13 .05 Deduction 

White 5 13 9.4 2.4 

Interpretation Minority 5 12 8.9 1.8 14.12 *<.01 Interpretation 

White 6 15 11.0 2.1 

Arguments Minority 0 11 7.2 3.7 16.82 *<.01 Arguments 

White 6 14 10.9 2.7 

Total Minority 29 54 40.8 6.6 5.52 *<.01 Total 

White 32 64 49.8 8.7 
*p<05 minority n=20; white n=30 
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Table 20 

2 x 2 ANCOVA of Inference and Interpretation Posttest Scores hv Ethnicity and 

Treatment for Watson-Glaser Critical Thinking Appraisal 

Sttmof 
Squares DF 

Mean 
Square F-Ratio Sig 

Covariate/Inference Pretest 135.11 1 135.11 26.28 *<.01 

Ethnicity 0.82 1 0.82 0.16 .69 

Treatment 7.72 1 7.72 1.50 .23 

Ethnicity x Treatment 34.64 1 34.64 6.73 *01 

Within-groups 231.35 45 5.14 

Total 409.78 49 8.36 

Covariate/Interpretation Pretest 99.73 1 99.73 40.15 *<.01 

Ethnicity 4.87 1 4.87 1.96 .17 

Treatment 38.49 1 38.49 15.50 *<.01 

Ethnicity x Treatment 5.81 1 5.81 2.34 .13 

Within-groups 111.78 45 2.48 

Total 258 49 5.27 
*p<.05 noncomputer, minority n=ll; noncomputer, white n-17; 

computer, minority n=9; computer, white n=J3 
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Figure 6 

Critical Thinking Change Score hv F.thnicity and Treatment 
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Reading Skills as a Factor in 

Change in Critical Thin king Skills 

Table 21 shows a summary of the pretest, posttest, and total scores for the two 

reading skills groups. A two-tailed /-test of independent means performed on the pretest 

scores of all subscales and the total test score with students grouped by reading skills 

resulted in the data shown in Table 22. The analysis indicated that the two groups had 
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Table 21 

Pretest/Posttegt/Cliange Spores by Reading Skills Groups for 

Watson-Glaser Critical Thinking Appraisal 

Low Reading High Reading 

Inference pretest* 5.00 8.13 Inference 

posttest 5.78 8.37 

Inference 

change 0.78 0.25 

Assumptions pretest 9.78 11.58 Assumptions 

posttest 9.11 10.87 

Assumptions 

change -0.67 -0.71 

Deduction pretest* 7.78 10.00 Deduction 

posttest 9.17 9.79 

Deduction 

change 1.39 -0.21 

Interpretation pretest* 8.56 11.25 Interpretation 

posttest 8.11 11.13 

Interpretation 

change -0.44 -0.13 

Arguments pretest* 6.89 11.46 Arguments 

posttest 10.06 11.50 

Arguments 

change 3.17 0.04 

Total pretest* 38.00 52.41 Total 

posttest 42.17 51.67 

Total 

change 4.17 -0.75 
*p<. 05 low reading n=18; high reading n=24 
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Table 22 

Two-Tailed /-Test Comparison of Pretest Mean Scores by Reading Groups 

for Watson-Glaser Critical Thinking Appraisal 

Group mi Max j ! Mean SD t-vaiue ; Sig 

Inference Low 2 9 5 1.8 -4.59 *<.01 Inference 

High 4 12 8.1 2.4 

Assumptions Low 4 14 9.8 2.9 -1.86 .07 Assumptions 

High 2 16 11.6 3.4 

Deduction Low 3 11 7.8 2.0 -3.33 *<.01 Deduction 

High 5 13 10.0 2.3 

Interpretation Low 6 11 8.6 1.5 -5.44 *<.01 Interpretation 

High 7 14 11.3 1.7 

Arguments Low 0 11 6.9 3.3 -5.45 *<.01 Arguments 

High 6 14 11.5 2.1 

Total Low 29 48 38.0 5.2 -7.88 *<.01 Total 

High 38 64 52.4 1.3 
*p<. 05 low reading n=18; high reading n= 24 

significantly different scores on all but one scale, that being Assumptions. Even on this 

subtest, the probability value was very near the 0.05 level. 

Since the mean scores of the two groups differed statistically, a 2 x 2 ANCOVA 

was performed on the posttest scores using the pretest score as a covariate to adjust for 

prior differences. The results of this ANCOVA indicated that Interpretation was the only 

subscale score in which significant effects were found (Table 23), and in this subscale both 
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Table 23 

2 x 2 ANCOVA of Interpretation Posttest Scores by Reading Skills and Treatment for 

Watson-Glaser Critical Thinking Appraisal 

Sumof 
Squares DF 

Mean 
... Square ! F-Ratio $8 

Covariate/Pretest Score 80.18 1 80.18 39.30 *<.01 

Reading Skills 24.18 1 24.18 11.85 *<.01 

Treatment 26.24 1 26.24 12.86 *<.01 

Reading Skills x Treatment 2.44 1 2.44 1.19 .28 

Within-groups 75.50 37 2.04 

Total 209.83 41 5.11 
*p<, 05 law reading, noncomputer n=ll; low reading, computer n=7 

high reading, noncomputer n=13; high reading, computer n=ll 

Reading Skills and Treatment were significant main effects, while the two-way interaction 

of Reading Skills x Treatment was not a significant effect. For the Interpretation subtest, 

the adjusted posttest means for the low reading group and the high reading group were 

8.67 and 10.70, respectively, with the high reading group scoring over two points above 

the low reading group. By treatment group, the adjusted posttest means for the 

Interpretation subtest was 9.14 for the noncomputer group and 10.75 for the computer 

group, with the computer group outscoring the noncomputer group by over 1.6 points. 

None of the other posttest scores were significant when the posttest scores were 

statistically adjusted by using the pretest as the covariate. Even though the differences 

were not significant (Figure 7), the students in the noncomputer group with low reading 
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skills increased their scores by 3.36 points, while the students in the computer group with 

low reading skills increased their scores by 5.43 points, a difference of 2 points over the 

noncomputer group. In comparison, the students with high reading skills showed a drop 

in score of 0.15 points and 1.45 points for the noncomputer group and the computer 

group, respectively. 

Figure 7 

Critical Thinking Change Score by Reading Skills and Treatment 

Treatment 

Bnoncomputer 

•computer 

Reading skills 

The low reading skills group was selected and individual analyses were performed 

on these scores. A one-way ANOVA was performed to see if there were significant 

differences between the pretest scores in the low reading skills group. This analysis 
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indicated that there were significant differences only in the pretest score of the 

Assumptions subscale. None of the other tests indicated any differences in pretest scores. 

A one-way ANOVA was conducted on the change scores for the low reading skills 

group. The only significant difference found was in the Assumptions score, where the 

noncomputer group gained 0.45 points and the computer group dropped by 2.4 points. 

Nonsignificant Trends 

Although not significant, several trends were evident in the study which deserve 

further investigation. In the treatment section, the trend was for the computer group to 

have a greater increase in change score in critical thinking skills than the noncomputer 

group. Regarding previous computer experience, the inexperienced students in the 

computer group appeared to score lower than the inexperienced students in the 

noncomputer group. For students with previous computer experience, the computer 

group seemed to gain more than the noncomputer group. While the males outscored the 

females, the computer group also appeared to score higher than the noncomputer group. 

For the ethnicity grouping, the combined minority group's change score increased more 

than the white group. Also, for both ethnicity groups, the computer groups seemed to 

outscore the noncomputer groups. Students in the low reading skills groups appeared to 

increase their critical thinking score, while critical thinking scores for the high reading 

skills groups seemed to decrease. For the low reading skill group, the computer group's 

scores appeared to increase greater than the noncomputer group. 



CHAPTER 5 

SUMMARY AND DISCUSSION OF FINDINGS, 

CONCLUSIONS, AND IMPLICATIONS 

Introduction 

The purpose of this study was to determine the relationship between computer 

intensive classwork and the critical thinking skills exhibited by college students. The study 

examined computer treatment, computer experience, gender, ethnicity and reading skills as 

factors in this relationship. 

The population for the study consisted of freshmen level students enrolled in 

English 101 at Brookhaven College of the Dallas County Community College District. 

The sample consisted of four sections of the target course with 93 students beginning the 

study and 50 students completing it. Two intact sections were taught by a traditional 

lecture/response (noncomputer) method in a traditional classroom, and two intact sections 

were taught by the computer intensive presentation/response (computer) method in the 

computer lab. The noncomputer group started with 48 students, 28 of whom completed 

the study. The computer group started with 45 students, 22 of whom completed the 

study. The noncomputer sections were taught from 9:00 to 9:50 am on Monday, 

Wednesday, and Friday, and from 10:30 to 11:50 am on Tuesday and Thursday. The 

89 
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computer sections were taught from 11:00 to 11:50 am on Monday, Wednesday, and 

Friday, and from 12:00 to 1:20 pm on Tuesday and Thursday. Both computer sections 

were taught by the same instructor, while the two noncomputer sections were taught by 

two different instructors. Due to the fact that the same instructor was not teaching all 

sections, analyses were employed to insure that this factor was minimized in the study. All 

instructors had previous experience teaching in both methods. All instructors were 

teaching classes by both computer and noncomputer methods during the study. To verify 

some consistency among instructors, the results from student evaluations for the three 

instructors from the previous semester were compared. All instructors were scored above 

3.5 out of a possible 4.0 by their previous students. Analysis of syllabi from the 

instructors found that students were required to write at least four short essays using 

prewrite, organize, write, exchange and revision steps in the process. All students were 

required to write a longer essay as the final exam. The major differences in the syllabi for 

the computer and noncomputer groups were: (1) the subject of the essays; (2) the 

computer group were required to type all essays, while the noncomputer group were not; 

and (3) the computer group did all of their in-class writing and much of their interaction 

through the use of the computer, while the noncomputer classes did not. 

Summary and Discussion of Findings 

Pascarella and Terenzini (1991) reviewed the literature on how college affects 

students and concluded that a college education in itself is instrumental in increasing the 
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critical thinking skills of students as measured by the Watson-Glaser Critical Thinking 

Appraisal (WGCTA). Although this research study was not designed to test education as 

a factor in gain in students critical thinking skills, the results obtained bears this out as the 

total sample mean score increased by a significant 1.98 points from pretest to posttest 

during the semester this study was in progress. The noncomputer group, designed to give 

a baseline for what we could expect from this student population, produced a significant 

gain of 1.75 points. If this gain were sustained over 5 of the 8 college semesters, the 

students would surpass the gain found by Pascarella and Terenzini. 

Research Question One: To determine the effect on college students' critical thinking 

skills of computer intensive (computer) classwork as compared to the effect on college 

student's critical thinking skills of traditional (noncomputer) classwork. 

Change in college student's critical thinking skills from computer or traditional 

noncomputer instruction was evaluated using pretest and change score data. Since 

Norris, Jackson, and Poirot (1992) had indicated that the Watson-Glaser Critical 

Thinking Appraisal (WGCTA) subtest scores may possibly be meaningful discriminators 

for computer studies, comparisons were made between the subtest scores as well as the 

total test scores for pretest, posttest and change. Since pretest mean score differences 

between the computer and noncomputer groups were not significant, an analysis of 

variance (ANOVA) was performed for the change scores for each of the subtests. The 

ANOVA on the change scores found the scores on the Interpretation and the Assumptions 
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tests to be significantly different between the two groups. On the Interpretation subtest, 

the noncomputer group outperformed the computer group by about 1.5 points, while on 

the Assumptions test, the computer group outperformed the noncomputer group by about 

1.4 points. As seen in Figure 1, the trend appears to be toward the computer group 

gaining more in critical thinking skills than the noncomputer group. However, the total 

change score was found to be not significant between the two treatment groups. 

Norris, Jackson and Poirot (1992) studied critical thinking change scores of 

students taking a one semester introduction to computing class in which about 80% of the 

time was spent on the BASIC programming language. When analyzing the scores on the 

WGCTA, the total score showed a significant gain; however, only one subscale showed 

significant changes (Evaluation of Arguments). In the current study, the analysis of 

subscores did not correlate with Norris et al., but significant differences were found in the 

Assumptions and the Interpretation scores. The total change score for the computer 

group was not significantly different from the noncomputer group, but it was higher by 

about 0.75 points. The total change score for the computer group was 2.3 points, a lower 

change score than the change of 2.9 points obtained in the Norris et al. study, possibly 

due to the different application used, the different subject matter studied, or the different 

population of students. Despite these differences, the results seem to support the premise 

that the use of computers helps in the acquisition of critical thinking skills. 
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Research Question Two: To determine if the relationship between change in critical 

thinking skills and computer intensive classwork is influenced by a student's previous 

computer experience. 

It was recognized that community college students come from a wide variety of 

computer experience backgrounds. Therefore, previous computer experience was 

analyzed from three different perspectives: (1) combined classroom and nonclassroom 

experience; (2) classroom experience only; and (3) nonclassroom experience only. 

For the first analysis group constructed to answer this question, i.e., the combined 

classroom/nonclassroom computer experience group, inexperienced was defined as 

students with no computer classes and less than one year of nonclassroom computer 

experience. Experienced was defined as a students who had at least one computer class or 

one year or more of nonclassroom computer experience. For the combined computer 

experience groups, a one-way ANOVA was performed on the pretest scores to determine 

if there were significant differences between the scores of the two groups. No significant 

differences were found between any of the subtest scores or the total pretest score. 

Because no differences were found between the scores of the two experience groups, a 2 x 

2 ANOVA was performed on the change scores for all tests. Experience and the 

Experience x Treatment interaction were found to be nonsignificant for all tests, and 

Treatment was significant in the Interpretation and Assumptions scores as indicated in the 

Treatment section for Research Question One. Several trends emerged, as shown in Table 

2. For inexperienced students, the use of computer technology appeared to inhibit the 



94 

acquisition of critical thinking skills. For experienced students, the use of computer 

technology appeared to enhance the acquisition of critical thinking skills. Computer 

experience seems to be positively correlated with gain in critical thinking skills from 

computer use. In addition, in the noncomputer groups, the experienced students appeared 

to gain less in critical thinking skills than the inexperienced students. 

Allocco, Coffey, Dalton, Dariano, Dioguardi, Galterio and Monahan (1992) 

reviewed the literature on teaching problem solving with Logo. They concluded that 

learning the language itself did not improve problem solving, but if students were given 

sufficient time to learn the language and were guided into problem solving situations, 

programming with Logo did have a significant effect on the cognitive development of 

children. In the current study, it appears that students' combined previous computer 

experience did not have a significant effect on the change in critical thinking skills 

achieved during the course of the study, but it did seem to support the tenet that students 

must be given time to become familiar with the technology before it can contribute to 

gains. It appears that the least experienced students were hindered in their acquisition of 

critical thinking skills because they were using computers. The lower rate of assimilation 

of critical thinking skills could have come from extinction of the primary cognitive 

processes, e. g., information overload, or it could have been that these students were 

simply distracted by the technology. At the other end of the scale, it appeared that the use 

of computers by experienced students enhanced their ability to acquire critical thinking 

skills. 
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The second analysis group with respect to experience was to look at the results of 

previous computer classes on the change in critical thinking skills of students. A one-way 

ANOVA was performed on the pretest scores for the following two groups of previous 

computer classes: none and 1-3 classes. No significant differences were found between 

the pretest scores of the two groups, so a 2 x 2 ANOVA was performed on the change 

score for all tests. Experience and the Experience x Treatment interaction were found to 

be nonsignificant for all tests. Treatment was significant for the Interpretation and 

Assumptions subscores as indicated earlier in the Treatment section. Several trends 

emerged, as shown in Figure 3. For the noncomputer group, having previous computer 

classes appeared to make no difference. In the computer group, having previous 

computer classes seemed to help slightly, and overall, using computers appeared to have a 

slight positive effect on critical thinking skills. 

Mayer, Dyck and Vilberg (1986) studied the effects of a programming class, on 

the acquisition of transferable problem solving skills. Their study encouraged the idea that 

learning to program could have positive effects on thinking skills that are directly related 

to the language to be learned; however, they found no convincing evidence that learning a 

program language enhances a student's general intellectual ability, or that programming 

was any more successfiil than Latin for teaching "proper habits of mind" (p. 609). 

Kurland, Pea, Clement and Mawby (1986) studied students in a high school programming 

course. They found no correlation between programming skills and the ability to transfer 

those skills to the math classroom They also found that most students are not able to 
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transfer learning from one situation in programming to a similar situation in programming. 

In contrast, the current study seems to show that for computer using students, the rate of 

acquisition of critical thinking skills is positively related to the number of previous classes 

taken. For students not using computers, the number of previous computer classes has no 

effect, but for students in the computer group, those with more experience gained slightly 

more than those who had no experience.. 

In the third "computer experience" analysis, the factor used was previous 

nonclassroom computer experience. The experienced group had a year or more of 

computer experience, while the inexperienced group had less than a year of computer 

experience. A one-way ANOVA was performed on the pretest scores for the two 

groups of nonclassroom computer experience. A statistically significant difference was 

found between the scores of the two groups. On all subscales except Assumptions and 

Deduction, the experienced students scored significantly higher than did the inexperienced 

students. The total score showed the experienced students outscoring the inexperienced 

by over seven points. Because of these differences, a 2 x 2 analysis of covariance 

(ANCOVA) was performed on the posttest scores using the pretest scores as a covariate 

to statistically adjust the posttest to allow for differences in the pretest scores. 

Experience and the Experience x Treatment interaction were nonsignificant for all tests. 

Treatment was significant for Interpretation and Assumptions as indicated earlier in the 

Treatment section. Several trends emerged, as shown in Figure 4. For inexperienced 

students, the use of computer technology appeared to inhibit the acquisition of critical 
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thinking skill s For experienced students, the use of computer technology appeared to 

enhance the acquisition of critical thinking skills. Computer experience seemed to be 

positively associated with gain in critical thinking skills from computer use. In addition, 

for the noncomputer group, the experienced students appeared to gain less in critical 

thinking skills than the inexperienced students. 

The results from the pretest scores of students with previous nonclassroom 

computer experience versus inexperienced students seemed to be a strong indication that 

computer usage can improve critical thinking skills. As can be seen on Table 10, The 

experienced group scored about seven points higher that the inexperienced group at the 

pretest level. At the end of the study, even though the inexperienced group had made 

some gains, the experienced group still had a mean score over six points above the 

inexperienced group. Pretest scores only show part of the story, because as can be seen 

from Figure 4, it appears that students need some level of expertise on the computer 

before the foil benefit of the technology can be realized. 

Research Question Three: To determine if the gender of a student affects the relationship 

between change in critical thinking skills and computer intensive classwork. 

A two tailed /-test for independent means was conducted on the pretest scores for 

the two gender groups. No significant differences were found between the pretest scores 

for females and males. Since no differences were found at the pretest level, a 2 x 2 

ANOVA was conducted on the change scores for each test. On the Interpretation subtest, 
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the Treatment x Gender interaction was significant. Treatment was also significant. On 

the total test change score, Gender was a significant effect. As shown in Figure 5, as a 

whole, male students gained more in critical thinking skills than did the females. Although 

not significant, the computer group in each gender appeared to gain more than did their 

noncomputer counterparts. 

Kay, Lublin, Poiner and Prosser (1989) conducted a survey in college students and 

produced an interesting possibility regarding critical thinking skills and gender. Their 

work indicated that men may excel at the well-structured, mathematical problem solving 

and machine-based skills, and women may have greater strengths in the ill-structured, or 

broader-based, problem solving and communication skills. Since the WGCTA questions 

are not academic discipline-oriented, and since the class was not mathematically or 

machine-oriented, it was expected that no significant differences would be found based on 

gender alone. As can be seen in Figure 5, this was not the result. The females group did 

not seem to benefit much from taking the class, but the female group using the computer 

did gain almost a point over their noncomputer counterparts. This appears to contradict 

the Kay et. al. research on how females react to computers and/or to suggest that the 

WGCTA does not test the type of critical thinking skills in which women excel. If the 

latter were the case, one would have expected to see some gender differences in earlier 

reports. It would be interesting to see if further studies can substantiate these finding. 
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Research Question Four: To determine if the ethnicity of a student affects the relationship 

between change in critical thinking skills and computer intensive classwork. 

A one-way ANOVA was performed on the pretest scores of the four ethnic groups 

represented in this study. The results of this analysis indicated significant differences in 

four of the six test scores. Since significant differences were not readily apparent from the 

summary data, a Scheffe's multiple comparison procedure was conducted on the data to 

help pinpoint the differences. The Scheffe's test indicated that significant differences 

existed between the Asian and white students for the Inference, Arguments and total test 

scores at the pretest level. Due to the conservative nature of Scheffe's test, the 

Interpretation subscore showed no significance. 

A visual analysis of Table 16 indicated that the three minority groups, i.e., black, 

Hispanic, and Asian, had made major positive changes from the pretest to the posttest, 

while the white group had remained virtually unchanged. Scores on all subtests were 

similar and the number of students in each of the three minority groups was small, so after 

investigating the similarity of scores, the decision was made to investigate the possibility 

of combining the minority students into one group (minority) and using two comparison 

groups instead of four. A one-way ANOVA on all scores for the three minority groups 

verified that there were no significant differences between the scores of the three minority 

groups, so they were combined for further analysis. 

A one-way ANOVA of the two ethnicity groups indicated that there were 

significant differences between the scores of the two ethnic groups on the pretest in the 
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Inference, Interpretation, and Arguments subtests and total test. Because of these pretest 

differences, a 2 x 2 ANCOVA was performed which indicated that the Ethnicity x 

Treatment effect was significant for Inference, and the Treatment effect was significant for 

Interpretation score. A one-way ANOVA on the Inference subscale for each of the 

ethnicity groups indicated that the minority noncomputer group scored nearly 2.5 points 

higher than did the minority computer group. Although the total posttest score 

differences were not significant, when plotting the total change score (Figure 6), it 

appeared that minority students increased critical thinking skills more than the white 

students in these classes, and computer intensive instruction facilitated acquisition of 

critical thinking skills slightly more than noncomputer instruction for both minority 

students and whites. 

Due to a lack of information on the response of minority students to computer 

usage in the colleges, these results should encourage more research in this area. From the 

results of this study, minority students were helped more by taking this class than were 

their white counterparts. Several possibilities exist as to the reason for these results. 

Since the minority group scored about 14 points lower than the white group, they may 

have been weaker students. Fetters, McKenzie and Callaghan (1986) reported that weak 

students using computers performed better than weak students not using computers. 

Students using computers may be more involved in their education as reported by 

Friedman (1981) who indicated that students using computers on homework had 

achieved higher than those not using computers. The instructors may have targeted 
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instruction toward the problem solving skills needed by their students at the lower level. 

In the worst case, student scores may have just regressed toward the mean. Again, this is 

definitely an area that needs more research. 

Research Question Five: To determine if the reading skill level of a student affects the 

relationship between change in critical thinking skills and computer intensive classwork. 

A two-tailed t-test of independent means was performed on the pretest scores of 

all tests to determine if these scores were different between the two reading skills groups. 

The results indicated that the two groups had different scores on all but one scale, that 

being Assumptions. For total pretest score, the high reading skill group outperformed the 

low group by about 14 points (Table 17). Since the mean score of the two tests were 

different, a 2 x 2 ANCOVA was performed on the posttest score using the pretest score as 

a covariate to adjust for prior differences. The Interpretation test showed significant 

effects from Reading and Treatment. No other test showed significant effect from 

Reading, Treatment or the Reading x Treatment interaction. Table 7 showing the total 

change scores suggests that the low reading skills group gained more in critical thinking 

skills from taking the course than did the high reading skills group. It also seems to 

indicate that the use of the computer positively affected the increase in critical thinking 

skills in the low reading skills group. For the high reading skills group, the affect seems to 

be in the negative direction. 
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The test norms for the WGCTA indicate that a minimum of a ninth grade reading 

level is recommended for optimum test results. Norms also indicate that mean scores for 

lower grades are lower than mean scores in higher grades. As shown in Table 21, the low 

reading skills group scored about 14 points lower than the high reading skills group. The 

results of this study appear to correlate with the test norms, since critical thinking scores 

are significantly lower for the low reading skills group than scores for the high reading 

skills group. Moreover, the results seem to indicate that the low reading skills group 

gained more from the class than the high reading skills group regardless of treatment, and 

that low reading skills group using computers performed better than the low reading skills 

noncomputer group. Assuming that the low reading skills group were weaker students, 

this would also validate the findings of Fetters, McKenzie & Callaghan (1986) who 

reported that weaker students performed better when using the computer than weaker 

students not using the computer. It also agrees with Friedman (1981) in that the students 

using computers seemed to achieve more possibly due to their more direct involvement in 

their education process. 

Conclusions 

The use of computer technology appears to have a positive influence on students' 

gain in critical thinking skills in an English writing course in the community college setting 

if they have had previous computer experience. This may be applicable to other courses 

as well, since students with over a year of nonclassroom experience scored significantly 
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higher than students with less than one year experience. However, for students with little 

previous computer experience, the use of computers in writing instruction may inhibit the 

acquisition of critical thinking skills, possibly due to the fact that computer anxiety diverts 

their attention away from their primary cognitive task. It is clearly evident that students 

with at least a year of some forms of previous computer experience exhibit significantly 

higher critical thinking skills than students with lesser computer experience. It also 

appears that having previous computer experience enhances the ability of students to 

acquire critical thinking skills from an English writing course that uses computers 

extensively in the teaching of the course. It follows that efforts should be made to insure 

that students have some minimal level of computer expertise before being allowed to 

enroll in a computer intensive course. The results suggest that students with little or no 

computer experience should be advised to take a traditional course. 

If computer resources are limited, there appear to be certain student populations 

which may benefit more from computer intensive classes. Students with low reading skills 

seem to be excellent candidates for computer intensive classes. Results indicate that 

students with low reading skills gained much more in critical thinking skills from taking 

the class than did the students with high reading skills. In addition, within the low reading 

skills group, intensive computer use seemed to boost the gain in critical thinking skills 

above the gain of the noncomputer group. 

Results also suggest that minority students may be helped more than the white 

student population. The combined minority group gained over four points as compared to 
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the white group with a gain of less than one half point. Within each minority group, the 

computer group seemed to gain slightly more than did their noncomputer counterparts. 

The study also indicates that male students benefitted more in critical thinking 

skills from taking the writing class than did the female students. Again, the trend was 

toward the computer group gaining more benefit for each gender than the noncomputer 

group. 

Implications 

Implications for Practice: 

This study indicates that the use of computers in teaching English 101 (writing) in 

the community college setting may be effective in increasing the critical thinking skills of 

students in the class. Certain implications need to be taken into consideration to utilize 

this technology to its greatest advantage. 

Students with no prior computer experience may be intimidated, inhibited, or 

distracted from their primary cognitive tasks and not benefit to the full extent possible. 

Therefore, all students should have some level of training or experience with the 

technology prior to the beginning of the class. The more prior experience they have, the 

more the students seems to benefit. The study also suggests that students without prior 

computer experience may be better served by taking a traditional class. 

Students should be encouraged to become proficient in the use of computer 

technology through classes or other means that will allow them to concentrate their full 
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cognitive processes on the task of learning to use computers without detracting from 

another learning task. Students can then reap the full benefits of computer intensive 

classwork on their gain in critical thinking skills in an English writing class taught by 

computer intensive methodology. 

Students with low reading skills may be outstanding candidates for taking the 

English writing class as taught on computers. Indications are that their critical thinking 

skills will be enhanced over what they would attain in the more traditional noncomputer 

class. 

Minority students may also receive enhanced benefit from taking an English 

writing class as taught by computer intensive methodology. They appear to benefit more 

from taking the computer intensive class over the noncomputer class. 

Male students are another group that appears to receive added benefit from the 

computer intensive English writing class. Scores in this study seem to indicate that male 

students gain more in critical thinking skills from the computer class than they did from the 

noncomputer class. 

Implications for repeated or related research include: 

Future studies should start with a much larger sample size to compensate for the 

attrition rate of students in these studies. In this study, nearly 50 % of the sample was lost 

primarily due to students dropping the course. 
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A more definitive way should be developed to assess and classify a students' 

previous computer experiences so it can be determined which type of computer experience 

contributes the most to change in critical thinking skills. 

Studies need to be conducted to determine if increases in critical thinking skills can 

be correlated to increased performance in the primary course of study. 

The study needs to be replicated utilizing different institutions of learning to see if 

trends noted here can be generalized to other institutions. 

The study needs to be replicated utilizing different computer applications in a 

classroom setting to ascertain if trends noted here can be generalized to other types of 

computer treatment. 

The study needs to be replicated in different subject matter areas to see if trends 

noted here could be generalized to different courses of study. 

A longitudinal study needs to be implemented to see if critical thinking gains from 

previous computer experience will persist, or if they will disappear as the inexperienced 

students gain more experience. 

A study needs to be implemented to determine if previous computer experience 

and critical thinking skills are related through some other factor. 
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Mr. Zack Miller 
Chairman, Communications Dept. 
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This letter is to inform you that your proposed dissertation study of The 
Effect of Computer Intensive Classwork on the Critical Thinking Skills of 
Community College Students has been approved by the Research Review Board 
of Brookhaven Community College, We feel that the study has merit, and that 
the classroom time required to administer the Demographic Questionnaire and the 
Watson-Glasier Critical Thinking Appraisal, as a pretest and posttest, will not 
adversely affect our instructional program and will yield valuable data as to the 
effect of this instructional program on the critical thinking skills of students in 
this program. I understand that this research will require about 2 hours total of 
class time for testing of about 100 students in four sections our English 101 class. 
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USE OF HUMAN SUBJECTS 
INFORMED CONSENT 

NAME OF HUMAN SUBJECT: 

I hereby give consent to David Knezek to perform or supervise the following 
investigational procedures: 

Compare residual gain scores on the Watson-Glaser Critical Thinking Appraisal 
with scores from other sections of the same course. Scores will be compared 
based on section number and student ID so that students will remain anonymous. 

Compare responses on the Demographic Questionnaire to residual gain scores on 
the Watson-Glaser Critical Thinking Appraisal. 

Identification by student ID. and section number will be used for matching results 
from the Demographic Questionnaire, pretest, and posttest for statistical analysis 
only. 

I understand that data from this investigation is to be used in a doctoral dissertation at the 
University of North Texas. I have heard a clear explanation and understand the nature of 
the procedures. I also understand that these procedures will take about two hours of my 
time, which will come out of the normal class room time. I understand that the data will 
be kept confidential, and that any information reported from this data will be group results 
and will have no identifying link to any student. I have heard a clear explanation and 
understand the benefits to be expected. I understand that the procedures to be performed 
is investigational and that I may withdraw my consent at any time without prejudice or 
penalty. With my understanding of this, having received this information and satisfactory 
answers to the questions I have asked, I voluntarily consent to the procedures designated 
above. If I have any questions regarding this research, I may contact David Knezek at (H) 
214-270-2936. 

Date 

Signature of Subject 
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University of North Texas 
Sponsored Projects Administration 

January 31,1995 

Mr. David Knezek 
438 Cioverdale 
Garland, TX 75043 

Dear Mr. Knezek: 

Your proposal entitled "The Effect of Computer Intensive Classwork on the Critical 
Thinking Skills of Community College Students," has been approved by the IRB and is 
exempt from further review under 45 CFR 46.101. 

if you have any questions, please contact me at (817) 565-3940. 

Good luck on your project. 

Sincerely, 

Sandra Terrell, Chair 
Institutional Review Board 

ST/tl 

P.O. Box 13646 • Denton, Texas 76203-0646 
817/565-3940 • FAX: 817/565-4277 • INTERNET: Lane@Abn.Unt.Edu • TDD: 800/735-2989 

mailto:Lane@Abn.Unt.Edu


APPENDIX D 

DEMOGRAPHIC QUESTIONABLE 

114 



115 

Student I.D Course Number 
example ENG 101.001 

Student Demographic Questionnaire 

PLEASE CHECK THE APPROPRIATE RESPONSE; 

1. Gender: 
Female 
Male 

2. Ethnicity: 
black 
hispanic 
Asian/Pacific Island 
non-hispanic white 
American Indian 

3. Computer Courses Taken (semesters): 
None 
1-3 
> 3 

4. Computer Experience including Work: 

< 1 year 
1-2 years 
> 2 years 
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