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Hypotheses related to the transfer of a general problem 

solving strategy were tested in this study. A modified 

Solomon Four-Group design was used to control for threats to 

internal validity and to consider external validity factors. 

One-half of each of three intact groups of university 

students were given the Means-Ends Problem Solving pretest. 

Two of the groups received instruction on a means-ends 

problem solving strategy using Lemmings, a commercial 

game/simulation. One treatment group was instructed on the 

computer; one group was instructed by a classroom teacher. 

Near transfer was assessed 1 week later using additional 

levels of increasing difficulty from Lemmings. The computer 

group was presented the transfer tasks on the computer; the 

classroom group was presented paper-and-pencil tasks using 

screen prints from Lemmings. One week after the near 

transfer tasks, far transfer was assessed using an alternate 

portion of the Means-Ends Problem Solving procedure. 

Results indicated a significant difference in relevancy 

gain scores on the far transfer posttest between the 

treatment groups and the control group (p < .0001). No 



significant difference was found in far transfer relevancy 

scores between the two treatment groups. No significant 

difference was found in the near transfer relevancy scores 

between the treatment groups, but there was a significant 

difference in the number of correct solutions (£ < .05) . 

The classroom instructed group successfully solved more 

levels. 

It appears that the ability to transfer a general 

problem solving heuristic within a domain and across domains 

can be profoundly improved. A computer can be effectively 

used to improve transfer across domains. 
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CHAPTER 1 

INTRODUCTION 

"Human problem solving and innovative thinking are 

among the highest and most complex forms of human mental 

life" (Davis, 1973, p. 12). Problem solving is possibly one 

of the most interesting and important processes of human 

thinking. It is a much-needed skill in today's rapidly 

changing world. Efforts have been made to understand the 

dynamics of this complex cognitive process, develop 

procedures for teaching problem solving, and facilitate the 

transfer of problem solving skills and strategies. 

Part of the difficulty in understanding problem solving 

is that a problem may be identified in different ways: a 

question, matter, situation, or person that is perplexing or 

difficult (Funk & Wagnalls,. 1968); a "situation for which an 

organism does not have a ready response" (Davis, 1973, 

p. 12); a goal situation, with goal being a criteria to be 

satisfied (Scandura, 1977); an obstacle to a response or 

action (Sinnott, 1989); or very simply, a "gap between where 

you are now and where you want to be, and you don't know how 

to find a way to cross that gap" (Hayes, 1989, p. xii) . 

Gagne (1966) suggested that problem solving is finding a 



resolution to some situation, and that the resolution must 

be a novel one, more than just direct recall of a principle. 

The learning that occurs in the solution of a problem is a 

generalizable rule which by its nature involves transfer 

(Gagne, 1966; Scandura, 1977) . 

In a discussion of the principles, theory, and 

assumptions about learning and instruction, Glaser (1990) 

stated that "Learning occurs through the interpretation of 

declarative knowledge in problem solving that makes apparent 

the conditions for pursuing solution goals and actions" 

(p. 31). He listed the following five principles commonly 

related to instruction; (a) useful knowledge is acquired by 

active application during problem solving in the pursuit of 

specific goals, not just by obtaining a set of propositions; 

(b) modeling and explaining appropriate problem solving 

structures and the procedures and strategies involved is 

recommended; (c) learning results from practice that 

minimizes error; (d) failure or conflict triggers new 

learning; and (e) all approaches involve instructional 

decisions about learner guidance, feedback, and 

representation of problem solving structures. 

There are two general positions toward instruction: 

the mastery approach in which the instructor controls a 

specific path and builds a curriculum that takes learners 

through a progressive sequence of skills, and a less 



structured curriculum which gives learners more control over 

the learning environment, using tools and strategies on 

their own, with help from a tutor as required. Simon (1980) 

and Frederiksen (1984) discussed similar topics and 

principles. Literature in teaching problem solving ranges 

from the application of model guidelines (Hayes, 1989) to 

attitudes and affective attributes (Dudley-Marling & Owston, 

1988; Wollman, 1984) to specific content problem solving 

(Pallrand, 1988; Schrader, 1987). The intent of instruction 

in problem solving is to facilitate its transfer. 

Transfer occurs whenever a skill or strategy learned in 

one situation can be applied in a different situation. The 

process of problem solving has been described as a transfer 

activity, thus blurring the lines between these cognitive 

processes. Two types of transfer have been identified. 

Near transfer occurs when learned skills or strategies are 

applied to a new problem within the same class of problems. 

An example of near transfer would be the solving of an 

algebraic problem in a slightly different form than an 

initial problem given to teach the appropriate rules. Far 

transfer occurs when the rules taught are applied to a 

different class of problems. Davis (1973) suggested that in 

order to teach transferable problem solving skills, emphasis 

needs to be placed on the generic nature of given problems, 

the "type of solution for this type of problem" (p. 39). 



Many techniques exist for solving problems; however, 

trial and error is the most basic and most common. In 

discussing problem solving strategies, Davis (1973) opined 

that the solver will "think if he can, but he will 

manipulate if he must" (p. 43). Other strategies include 

forward chaining; backward chaining; fractionation; pattern 

matching, which is a type of analogical reasoning; and 

means-ends analysis. In forward chaining, one works toward 

a goal in increments. In backward chaining, a strategy 

typical of novice problem solving, one focuses on the goal 

and sequentially looks at prior state. Fractionation 

requires one to break a problem into parts and solve the 

parts or sub-goals. Pattern matching relies upon a large 

knowledge base by locating a similar sequence or situation. 

In the means-ends procedure the individual orients to 

and conceptualizes the means of moving toward a goal. If 

past learning facilitates and improves problem solving 

(Davis, 1973; Scandura, 1977), one might predict practice 

with one type of means-ends problems would transfer to 

another type of means-ends problems. Simon (1980) held that 

means-ends analysis is a central component of general 

problem solving. 

Much of the previous research on the transfer of 

problem solving skills employed verbal materials as content 



(Davis, 1973; Phye, 1989) , logic strategy games (Keller, 

1990), and syllogisms (Sanders & Phye, 1989) . 

Although some significant studies have used computers 

to simulate human problem solving (Anderson, 1987; Langley, 

1985; Newell & Simon, 1972), computers have not often been 

used to simulate reality in order to elicit problem solving. 

Some programs in chemistry (Schrader, 1987) and mathematics 

(Larson, 1986) have been developed, but the problem solving 

required is specific to the context. The computer's ability 

to model a real-world system builds upon visual-spatial 

skills that are common to television and film literacy 

(Greenfield, 1987) . The computer, as a medium of 

instruction, can aid learners by making large amounts of 

information available as needed, retrieving previously 

learned information, providing self-testing and practice, 

enabling learners to represent ideas both verbally and 

pictorially, and prompting learners to integrate new ideas 

with previous ones (Kozma, 1987) . 

Game playing has been studied as a simulation or a type 

of problem solving (Green, 1966). Researchers have focused 

on the strategies of chess players (Aanstoos, 1985; Glaser, 

1985; Simon, 1981), role-playing simulations (Branwyn, 

1986), and adventure games (Baltra, 1986). Jones (1985) 

discussed gaming as a procedure for the study of complex 

problems. Games are appropriate for motivating students 



(Keller, 1990), encouraging discovery learning (Baltra, 

1986), and providing an environment where students can test 

higher order rules and strategies (Duffield, 1990) . 

Yates and Moursund (1988-1989) promoted the use of a 

computer as a problem solving aid. In addition to the use 

of the computer as a tool, the computer can function 

effectively as a tutor through simulations. Computer 

simulations show strong indications of furthering problem 

solving skills (Greenfield, 1987; Hummel, 1990; Yates & 

Moursund, 1988-1989). 

Problem Statement 

Research examining the impact of computer instruction 

on the transfer of general problem solving is inconclusive. 

Information on the impact of the computer is critical as 

computer technology becomes integrated in education and 

information technology. 

Purpose of the Study 

The purpose of this study was to examine the impact of 

computer instruction on the near transfer and far transfer 

of a means-end analysis problem solving strategy. 

Hypotheses 

The following hypotheses were tested: 



Hypothesis 1: There will be no significant difference 

in gain scores between pretests and posttests for computer 

taught, instructor taught and control groups. 

Hypothesis 2: There will be no significant difference 

in the near transfer scores between the groups that were 

taught the rules by a computer program and the groups taught 

the rules by an instructor. 

Hypothesis 3: There will be no significant difference 

in the far transfer scores between the groups that were 

taught the rules by a computer program and the groups taught 

the rules by an instructor. 



CHAPTER 2 

LITERATURE REVIEW 

Problem Solving 

Problem solving is uniquely different from academic 

learning. Academic skills represent external knowledge that 

must be taught; problem solving encourages individuals to 

create new mental relationships by interacting with the 

environment (Goffin & Tull, 1985). It is important to know 

how the mind works; for humanistic reasons and "because it 

provides us with a degree of flexibility we may not 

otherwise have. If we can examine our problem solving 

processes with some degree of understanding, then we have a 

better chance of improving them" (Hayes, 1989, p. xi). Most 

education is focused on knowledge transfer and deals less 

effectively with problem solving. Where problem solving is 

incorporated, it is structured and directed problem solving, 

the finding of the answer. Most real life problems are 

unstructured; there is no obvious answer, no formula, and 

often not much agreement about what the correct answer is 

(Van Horn, 1986). Lythcott (1990) suggested that if problem 

solving could be understood as a "search after meaning, not 

just the following of prescribed rules" (p. 248) then both 

domain knowledge and problem solving performance would 



increase. Perkins and Salomon (1989) questioned whether 

educators should teach entirely for "richly developed local 

knowledge" (p. 17), or allocate a significant portion of 

educational resources to developing the general skills of 

problem solving. This brings up the controversy of whether 

problem solving ability is a general skill similar to the c[ 

factor of intelligence or a relatively context-bound skill, 

totally dependent upon a large knowledge base. 

Essentially, in solving a problem, a problem solver 

follows four steps: (a) interpreting or representing the 

problem internally; (b) constructing a suitable conception 

of the problem, the problem space, that includes both domain 

specific and strategy knowledge; (c) solving the problem by 

transforming the internally formed conception of the 

problem, using either previously learned solution methods 

(algorithms) or some form of a general heuristic; 

(d) evaluating the solution and the problem solving process 

(Newell & Simon, 1972). Moursund (1988) succinctly defined 

these general steps as givens, guidelines, goals, and 

ownership. 

A skill may be defined as a proficiency demonstrated by 

ease of performance or application. Researchers have 

variously defined problem solving skills. Related to one or 

more of the steps in this model, such skills as role-playing 

and making lists (Millar, 1986); identifying problems, 
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asking questions, and enumerating possible causes (Greenan, 

1986; Hannafin & Colamaio, 1987); observation and 

exploration (Brown & Kane, 1988; Goffin & Tull, 1985); 

hypothesizing (Goffin & Tull, 1985; Rothenberg, 1990; 

Rudnitsky & Hunt, 1986); using different levels of 

inferences for routine, semiroutine, or nonroutine problems 

(Greeno & Berger, 1986); and self-regulatory skills such as 

staying on task and monitoring progress (Dudley-Marling & 

Owston, 1988) have been examined. 

Researchers in content disciplines such as chemistry, 

physics, genetics and mathematics have looked at domain-

specific skills of problem solving: the ability to solve a 

chemistry problem implies an understanding of the concept 

behind the problem (Pickering, 1990; Sawrey, 1990); the use 

of analogies to solve qualitative physics problems leads to 

generalizations which indicate that a conceptual change 

occurred (Clement, 1987); the ability to restructure problem 

elements lead to better physics problem solvers (Pallrand, 

1988); the generation of an appropriate strategy to solve 

mathematics problems is more indicative of what a student 

knows about mathematics than the student's ability to just 

find solutions (Lampert, 1990); the use of algorithms in 

conjunction with heuristics to solve chemistry problems 

(Bodner, 1987; Kean, Middlecamp & Scott, 1988; Schrader, 

1987); and the ability to recognize appropriate approaches 
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for solving problems contribute to problem solving success 

(Smith & Waterman, 1987) . In literature, Riecken and Miller 

(1990) suggested that children's books presenting real-life 

problems are more appropriate vehicles for teaching problem 

solving, in social studies, it has been suggested that 

classroom simulations are appropriate for encouraging and 

developing problem solving (Cope, 1989; Levitsky, 1987) . 

A strategy is a plan or technique for resolving a 

problem efficiently. In problem solving, a strategy may be 

either domain specific or a general heuristic. Most often a 

domain specific strategy is the application of a type of 

algorithm. An algorithm is a series of procedural steps 

that always produce a solution. They are applied to routine 

problem tasks to simplify the process of obtaining answers 

and reduce cognitive load (Niaz, 1989; Schrader, 1987) . 

Algorithms are usually supplied by a teacher in logic, 

mathematics, the sciences, and other subject areas where 

material is well—ordered. They also apply in a structured 

machine environment such as that of a computer (Palumbo & 

Vargas, 1987-1988). The use of an algorithm is essentially 

a mechanical one. When a problem is recognized as being of 

a certain type, and the solution method for that type of 

problem can be recalled and used, the task is not problem 

solving but an exercise. An exercise requires analysis, 

recall and application. A problem requires all of these 
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plus synthesis, evaluation, and creativity. Technicians use 

algorithms; "problem solvers . . . construct and utilize 

their own algorithms" (Schrader, 1987, p. 518) . Domain 

specific strategies rely upon a large knowledge base of 

specific patterns (Perkins & Salomon, 1989) . 

General problem solving skills are skills "that can be 

used by anyone in solving problems that occur in everyday 

life" (Hayes, 1989, p. vii). An important feature of these 

general strategies or methods is that they make no specific 

reference to any particular domain (Anderson, 1987) . They 

are often referred to as weak methods because they do not 

take advantage of domain characteristics (Anderson, 1987; 

Langley, 1985; Perkins & Salomon, 1989). Early researchers 

thought that "problem solving power lay in some rather 

general principles, systematically applied to whatever the 

relevant database of knowledge happened to be" (Perkins & 

Salomon, 1989, p. 17). These methods included analogy 

mechanisms, working backwards, forward search, fractionation 

or sub-goal formation, trial-and-error, and means-ends 

analysis (Anderson, 1987; Hayes, 1989; Newell & Simon, 1972; 

Swan & Black, 1988) . 

Analogy mechanisms, or analogical reasoning, involves 

the discovery of similarity between two things. It requires 

the problem solver to map attributes from one knowledge base 
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to another based on a system of relations that holds true 

for objects in both domains (Swan & Black, 1988) . 

Working backward, or backward chaining, is typically a 

novice strategy. It focuses on the unknown or goal state 

and tries to deduce a preceding state that will bridge back 

from the unknowns toward the givens (Hayes, 1989; Perkins & 

Salomon, 1989; Swan & Black 1987). 

Forward search, or forward chaining, is more common to 

domain expert problem solving performance. It involves 

working from the givens of a problem toward the goal in 

step-by-step, transformational increments that bring one 

closer to the goal. It requires the ability to choose and 

evaluate appropriate transformations, therefore requiring 

some sort of a mental model of the problem space including a 

large knowledge base of specific patterns and the 

recognition of the situations where these patterns may apply 

(Perkins & Salomon, 1989; Swan & Black, 1988). 

Fractionation, or sub-goal formation, refers to 

breaking a complex problem into simpler problems or steps. 

The problem parts are more manageable and less susceptible 

to error, and may be more easily recognized as being of a 

particular type (Hayes, 1989; Ryan, 1987; Swan & Black, 

1988) . 

Trial and error is the most basic and pervasive of all 

strategies (Davis, 1973) . It involves the recursive testing 
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of possible solutions. It is an effective, although 

extremely time-consuming, solution path. There are two 

forms — blind and systematic. In blind searching, the 

paths are picked blindly without considering whether or not 

they have already been explored. In systematic trial and 

error searching, by keeping track of paths already searched, 

the searchers choose only unexplored paths (Hayes, 1989; 

Swan & Black, 1988) . 

Means-ends analysis requires the user to repeatedly 

compare two different stages of a problem, the current state 

and the desired state, in order to conceptualize the means 

or sequence of steps necessary to reduce the difference 

(Licht, 1988; Piatt & Spivack, 1975). Newell and Simon 

(1972) used this heuristic as a part of their General 

Problem Solver, an early example of artificial intelligence 

(AI). Although, in a given problem space, subjects might 

use very different problem solving strategies, a wide range 

of behavior can be accounted for by means-ends analysis 

strategies (Simon, 1981). 

Researchers have looked at the relationship between 

heuristics and the knowledge base (Lippert, 1988) ; compared 

subjects' strategy preference for analogy or means-ends 

(Licht, 1988) ; identified the kinds of questions asked by 

learners which distinguish strong problem solvers 

(Middlecamp & Kean, 1987); suggested when the application of 
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heuristics may be most effectively combined with algorithmic 

use (Lythcott, 1990; Meijer & Riemersma, 1986); argued that 

the teaching of problem solving promotes students' knowledge 

of science content and methods (Millar, 1985); and suggested 

which strategies are most effective for chemistry students 

(Kean, Middlecamp & Scott, 1988). Assessment of either 

general or domain-specific problem solving skills and 

strategies range from self-reporting instruments (Greenan, 

1986; Troutner, 1987-88) to "think aloud" techniques 

(Aanstoos, 1985; Simon, 1981) to teacher—made objective 

tests (Keller, 1990) to such standardized tests as the Iowa 

Test of Basic Skills, the Cognitive Abilities Test and 

Raven's Matrices (Klauer, 1989; Rothenberg, 1990). 

Transfer of Problem Solving 

Transfer implies learning, and occurs when practice on 

one set of problems leads to a reduction in search on a 

second set of problems. Langley (1985) subdivided transfer 

into four types: the scaling up of simple problems into 

more complex ones; the presentation of a new problem within 

the same state space as the practice problems, but with 

either a different initial or goal state; problems that 

differ in the structure of their state spaces, but are of 

the same general complexity; and a form of transfer called 

learning by analogy, in which new problems are only loosely 

related to prior learning. 
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Salomon and Perkins (1989) argued that transfer occurs 

in two ways — low-road transfer and high-road transfer. 

Low-road transfer depends on practice and "occurs by the 

automatic triggering of well-learned behavior in a new 

context" (p. 113). High-road transfer results from 

intentional "abstraction of something from one context and 

application in a new context" (p. 113). 

Transfer can also be specific or general. Specific, or 

domain-specific, transfer is content dependent and affects 

only particular knowledge within a defined subject area. 

General transfer is content independent and affects a wide 

range of knowledge and skills. These concepts relate highly 

to the distinction between near and far transfer (Jelsma, 

Merrienboer, & Bijlstra, 1990). Near transfer takes place 

within a similar context; far transfer requires application 

in a context not obviously similar to the learning situation 

(Cramond, Martin, & Shaw, 1988/ Guthrie, 1967) . 

Transfer studies have shown that (a) near transfer of 

problem solving skills improves most with individual self-

monitoring rather than paired monitoring (Bender, 1986), and 

that (b) practice on smaller problems produces strategies 

that transfer to larger, similar problems, but not to 

unfamiliar contexts (Steinberg, 1983). Domain-specific 

transfer occurs with analogical reasoning, using verbal 

analogies and syllogisms (Phye, 1989; Sanders & Phye, 1989), 
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using examples (Brown & Kane, 1988; Klauer, 1989), and with 

very young children using hinting or an explicit statement 

of the rules (Crisafi & Brown, 1986) . Practice playing 

mathematics and logic strategy games such as MasterMind and 

tangrams transfers to skill in mathematics word problems 

that require forming hypotheses and working backwards 

(Keller, 1990). Two other studies (Gholson,Dattel, Morgan & 

Eymard, 1987; Gholson, Eymard, Morgan & Kahmi, 1989) with 

preschool and elementary children showed "nearly perfect 

isomorphic (near) transfer" (p. 1184) using analogical 

reasoning in classical problems such as missionary/cannibal, 

Tower of Hanoi, and farmer's dilemma type problems. In a 

recent study, Kotovsky and Simon (1990) found that the major 

predictor of transfer is not size or structure but the 

difficulty of the transfer problem. Practice on a hard 

problem transfers to an easier one, either in the same 

domain or a different domain,, but initial practice on easy 

problems does not facilitate transfer to a much more 

difficult one in the same domain. 

Far transfer, general transfer, transfer across domains 

"may seem to be a dead issue (Robertson, 1989, p. 6); "is 

difficult and perhaps even unlikely" (Dudley-Marling & 

Owston, 1988, .p. 28); and "is very mixed" (Burton & 

Magliaro, 1987-1988, p. 68). Frederiksen (1984) reported 

that "there is little if any transfer from one domain to 
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another" (p.39). However, general transfer has been 

reported and discussed with conditions such as well-defined 

problems (Robertson, 1989), favorable circumstances (Millar, 

1985), self-confident learners with a positive approach to 

learning (Long, 1983), and everyday calculations (Gladwin, 

1985/ Lave, 1985) . Perkins and Salomon (1989) proposed that 

the arguments against general transfer be reexamined. They 

suggested that experts evoke general heuristics to act upon 

their sophisticated knowledge domain when faced with an 

atypical problem. Individuals routinely try to apply 

knowledge and skills from familiar domains when faced with a 

novel situation. Perkins and Salomon (1989) pointed out 

that transfer does occur when general reasoning, self-

monitoring techniques, and potential applications in varied 

contexts are taught. 

Simon (1980) commented on the importance of teaching 

general problem solving techniques that can be used in new 

domains. He pointed out that "in view of the enormous 

change in the world's knowledge . . .[,] it is hard to be 

optimistic about predicting students' specific future needs 

for knowledge. . . . Our teaching responsibilities urge us 

to a faith in transfer of training" (p. 81). He holds that 

since means—ends analysis is a central component of general 

problems solving processes, it plays a vitally important 

role in learning. Simon (1980) explains five points that 
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must be considered in teaching problem solving. First, 

students need to be made aware of the difference between 

productions and propositions in order to understand the 

difference between rote learning and learning with 

understanding. Second, general problem solving procedures 

(he stressed means-ends analysis) need to be made evident 

for students and practiced if transfer is to occur. Third, 

part of the training in problem solving can take place in 

content courses. Fourth, emphasis should be placed on the 

techniques of self-instruction such as learning by example 

and learning by doing. Fifth, students need to be helped in 

acquiring and exercising their skills of recognition. 

Frederiksen (1984) discussed several courses in general 

problem solving that cover problem representation, self-

monitored skill acquisition and improvement, problem solving 

styles and strategies, meta-cognitive skills such as 

management of short-term memory, and uses of feedback in 

problem solving. He listed nine suggestions for 

instruction: (a) teach cognitive processes; (b) teach 

development and modification of problem structure; (c) teach 

pattern recognition so as to evoke appropriate action; (d) 

teach general problem solving procedures, both general 

heuristics such as means-ends analysis and specific 

heuristics such as the application of a science conservation 

principle; (e) teach the knowledge base — there is no 
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substitute for having the required knowledge if one is to 

solve a problem; (f) teach knowledge structures such as 

memory storage and retrieval; (g) teach aptitudes such as 

verbal aptitude and arithmetical reasoning which are related 

to the domain of intelligence; (h) provide practice with 

feedback for purposes of reinforcement and insight; and (i) 

use models in instruction such as the use of computers to 

model processes and tutor, and the use of first-hand, 

laboratory-like experience with exemplars. 

In a study on teaching for analogical transfer, Klahr 

(1978) stated: "for all the implicit and explicit emphasis 

on problem solving skills, they are rarely taught directly" 

(p. 181). His goal was to instruct preschool children on 

general problem solving methods, even though prior to formal 

schooling children learn about problem solving without 

direct instruction. Children acquire a range of problem 

solving abilities called common sense. Klahr identified his 

example of common sense as a systematic means-ends chain. 

Using a modified Tower of Hanoi with instruction in cueing 

on a near transfer task involving the increasing length of 

the problem sequence, he determined that the Piagetian 

position of the primacy of trial—and—error procedure was not 

supported. However, the means-ends procedure was supported. 

Specific teaching techniques to promote general 

transfer include meta-cognitive awareness (Frederiksen, 
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1984) , association of past learning to the present situation 

(Long, 1983) , recognition of problem similarities (Bereiter, 

1989) , motivation of students to expend effort (Wollman, 

1984) and practice (Frederiksen, 1984; Long, 1983) . 

Implicit in the teaching of general problem solving skills 

is the teaching for skill transfer across domains. 

Use of Computers 

"The primary effect of a medium's technology is to 

enable and constrain . . . the symbol systems it can employ 

and the processes that can be performed with it" (Kozma, 

1991, p. 181) . Kozma examined studies illustrating how 

symbol systems characteristic of certain media can connect 

mental representations to the real world in a way that 

learners with little prior knowledge have trouble doing on 

their own. He pointed out that the strength of computers is 

in their ability to manipulate and process data with a 

variety of symbol systems. 

Initially, the use of computers in problem solving 

research was in artificial intelligence (AI) to model the 

problem solving process (Anderson, 1987; Newell & Simon, 

1972; Perkins & Salomon, 1989). One of the latest AI 

systems, ADAPT, is based on the production system of 

learning and provides guidelines for instructional systems 

that are able to transfer learned skills (Jelsma et al., 

1990). 
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Researchers in problem solving have also used computers 

in other ways: to present problem solving stimuli (Kotovsky 

& Simon, 1990); to deliver problem solving tests (Collins, 

1987); to promote reasoning through the use of games and 

application software (Baltra, 1986; Cauzinille-Marmeche & 

Mathieu, 1989; Harty, Kloosterman, & Matkin, 1988; 

Hoelscher, 1984; Marshall, 1990; Troutner, 1987-1988; Van de 

Walle, 1987); to tutor, possibly through a simulation (Allen 

& Carter, 1988; Hummel, 1990); as a instructional delivery 

system (Rayner-Canham & Rayner-Canham, 1990; Rudnitsky & 

Hunt, 1986); and for data collection and management 

(Mandinach, 1987) . 

Another common use of computers has been to teach 

programming, with the view that learning computer 

programming fosters the development of general problem 

solving skills (Bower, 1985; Johanson, 1987; Kurshan & 

Williams, 1985; Mandinach, 1986; Mitrani & Swan, 1990; 

Salomon & Perkins, 1987). The results of research in this 

area are contradictory (Dudley-Marling & Owston, 1988). 

Duffield (1990) described three attributes that make 

computers potential tools for problem solving instruction: 

the ability to deal with data, which allows students to 

concentrate on the problem solving task; the ability to 

organize and retrieve data, which reduces the demand on 

short-term memory; and the capability to generate data, 
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which allows students to solve more problems and operate 

under controlled circumstances. Duffield also pointed out 

that the interactive nature of human-computer interactions 

permits feedback appropriate to the situation, for 

correctness of responses and to alter the status of the 

environment according to the student's actions. In 

discussing software, she emphasized that students who use 

either simulation or problem solving programs score higher 

on assessment of knowledge and general problem solving 

strategies than do students who use drill and practice or 

tutorial software. 

Yates and Moursund (1988-1989) listed 19 ways in which 

the computer can support problem solving ranging from 

problem representation and modeling (simulations) to adding 

to the knowledge base and aiding in transfer in a "domain 

free sense" (p. 14). The use of a computer as a cognitive 

tool was also propounded by Dudley-Marling and Owston (1988) 

and Kozma (1987). 

McArthur (1987) discussed the effective use of the 

computer as a learning tool. Following some of the 

principles of cognitive theory, he pointed out how the 

computer can best be used to support learning-through-

practice and learning-by-doing. Using the computer for 

practice, students can quickly determine why their responses 

are wrong or inefficient, thereby avoiding the learning of 
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misconceptions. Using computers for strategy games provides 

environments in which students can explore and learn-by-

doing . 

In a study by Mestre, Dufresne, Gerace, Hardiman, and 

Touger (1988), a computer-based, problem analysis 

environment was constructed to promote a shift from novice 

to expert-like behavior in beginning physics students. The 

computer combined declarative (factual) and procedural 

(strategic) knowledge to encourage expert-like behavior. 

Mandinach (1987) used computers to collect and record 

response protocols from junior high school students who were 

engaged in a computer problem solving game. She looked at 

how individuals differ in their ability to profit from 

instruction. Students who were able to spontaneously 

acquire and transform the learning material were more 

successful at the problem solving task. Mandinach reported 

that computers played a critical role as a medium of 

instruction in her study. 

Steinberg (1983) used computers as aids in strategy 

transfer to present Mastermind-like problems requiring an 

inductive strategy. Her research required the subjects to 

develop their own successful inductive strategies. 

Transferability of strategy was dependent upon the size of 

the initial task problems. 
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Gilman and Brantley (1988) compared pretest scores from 

the Cognitive Abilities Test and posttest scores from an 

objective-referenced test from students who received 

computer literacy instruction and had intermittent use of 

commercially produced content software and from students who 

did not. Transfer of problem solving skills did not appear 

to occur. 

Ahmad (1988) used two types of feedback to assess the 

impact of feedback on problem solving strategies when using 

interactive computer-assisted instruction. Strategy 

feedback was more effective than solution feedback on 

learning spatial strategies, but less effective on learning 

perceptual strategies. 

The Cognition and Technology Group at Vanderbilt (1990) 

supported the use of computers to develop better problem 

solvers. They used videodisc simulations to develop means-

ends problem solving abilities in mathematics, and 

additional discs to promote the use of analogical transfer 

skills. One aspect pointed out by the group was that by 

learning in context, students acquire information about the 

conditions under which is it useful to know various concepts 

and facts. Another point is that visual formats allow 

students to use and develop pattern-matching skills. 

Beacause visual formats are also dynamic, visually and 
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spatially, students can more easily form rich mental models 

of problem situations. 

Licht (1988) used a computer to generate puzzles for 

comparing analogy and means-ends strategies. He found that 

the subjects in his study preferred to use a means-ends 

strategy even when they were trained to use analogies for 

solving problems. He suggested that further research is 

needed to look at the special attributes of computers for 

training users in problem solving strategies. Licht 

recommended that computers be used to teach problem solving 

skills because of their capabilities of animation, 

branching, and control of complex fields such as pause, zoom 

and slow motion. 

Additional studies have led researchers to promote the 

use of computer simulations as effective tools for 

instruction. Marchionini (1989) suggested the use of 

computers to create "electronic scenarios" (p. 165), 

specific, real-life problem situations. Robbat (1986) 

recommended the use of computer simulations in order to 

shift the focus from students as passive recipients of 

instruction to involved participants using the computer as a 

medium for active learning. 

Simulations 

The word simulate means to imitate or mimic, and 

involves some kind of a model. For example, mock—up planes 
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which pilots use are models, and flying practice in the 

models is simulation. A major advantage of using a 

simulation is that it "permits study of a real system 

without the actual modification of the system" (Danesh, 

1989, p. 64). A simulation can be designed to solve 

problems or to present problems to be solved. 

Simulations which represent a model of a reality have 

been used effectively to promote higher thinking skills and 

problem solving in social studies, genetics, mathematics, 

psychology, and gifted education (Jones, 1985/ Lambert, 

1989; Lengel, 1987). Mahoney and Lyday (1984) suggested 

that basic concepts can most effectively be introduced using 

problem solving simulations. Marshall (1990) suggested that 

simulations are of the greatest benefit for visual learners. 

In an ethnographic study, Smith and Stander (1981) 

observed the users of a computer simulation, as a culture, 

in order to evaluate the computer's impact on aural, visual, 

and experimental learning strategies. They observed a 

"relative absence of experimental learning strategies" 

(p. 351) in which the user learns through trial and error. 

They noted that the application of experimental learning 

strategies is a needed skill if computer simulations are to 

be effective as tools for teaching the consequences of 

decisions. 
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In a conflicting study using computer simulations, Okey 

and Oliver (1987) reported increased knowledge and improved 

attitudes toward computers and computing, but no transfer to 

new, non-computing domains. 

As Hummel (1990) reported, 

Current computer technology makes it possible to create 
a new generation of training programs that would 
provide computer-based analogs to (interactive) types 
of practice environments. Learners could be placed in 
complex simulation environments that allow them to 
select an almost endless variety of responses to the 
situation unfolding on the screen. Feedback would be 
provided by the consequences of the choices being made 
in the simulation, (p. 3) 



CHAPTER 3 

METHODOLOGY 

Population 

The population for this study consisted of graduate and 

undergraduate students who were enrolled in introductory 

computer application classes at the University of North 

Texas. The sample consisted of students enrolled in three 

introductory computer application classes offered between 

9:00 a.m. and 11:00 a.m., three times a week. For all 

subjects, participation in this study replaced an 

assignment. A total of 87 subjects were used in two 

experimental groups and one control group. 

Instrument 

The near transfer assessment instrument was a computer 

game-simulation called Lemmings (Psygnosis, 1991). The task 

was to use assigned tools to help the Lemmings get from 

point A to point B (the goal) within the given environment. 

Subjects were to solve 10 levels, each of increasing 

difficulty. 

The far transfer assessment instrument was the Means-

Ends Problem-Solving Procedure (MEPS), which provided two 

major scores, relevant means and relevancy. Secondary 
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scores included obstacles, time, irrelevant means and/or no-

means (Piatt & Spivack, 1975). Relevant means or means 

represented each discrete step which is effective in 

reaching a problem resolution. Relevant means score 

included means, obstacles and time. Irrelevant means 

(IM)/no-means indicated steps which are not effective, 

within context, in resolving a problem, or a failure to 

provide steps which would resolve a problem. Obstacles 

indicated an awareness of potential difficulties in reaching 

a goal. Time indicated a recognition of an amount of time 

or the passage of time involved in resolving a problem. 

Relevancy is a ratio score of relevant means score to all 

directed responses (means, obstacles, time and irrelevant 

means and/or no-means). The instrument was normed using 

university graduate and undergraduate students. 

Procedures 

Each of the three classes of university students 

enrolled in a Computer Education and Cognitive Systems 

introductory computer application class was assigned to a 

group — computer, instructor, or control. In order to 

control for possible effects of a pretest, the subjects in 

each group were randomly assigned to receive either a 

pretest or a placebo test. Pretest subjects were assessed 

on the means-end problem-solving procedure using the MEPS. 

Placebo subjects were given a personality inventory as a 
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blind to aid in the control of testing. All groups were 

pre-assessed the same day. 

One week later, the two experimental groups were given 

the treatment. Two groups were individually presented with 

problem situations and the tools needed to solve the 

problems on an Amiga computer using Lemmings. Two groups 

were presented with identical problems from Lemmings and the 

tools needed to solve the problems, by a classroom 

instructor using discussion and still images generated by an 

Amiga computer and genlocked to be displayed on a video 

monitor. The control group received no treatment. 

Task 

The two experimental groups were introduced to Lemmings 

using the manual directions and enlarged photocopies of 

selected pages from the manual. All of the groups received 

the introduction on the same day. Subjects from the 

computer treatment group were given an opportunity to 

practice the use of a mouse on a simulation that was 

different from the one to be used in the task. Subjects 

from the instructor group were not given this practice as 

they would not be using a computer. 

The task consisted of learning the appropriate 

applications of seven tools within the micro-world 

environment of Lemmings that would be used to help the 

Lemmings get from an entry point to an exit point. The 



32 

tools could be used singly or in combination in order to 

reach the goal. The first seven levels of Lemmings were 

teaching levels. The tools were introduced singly in order 

to show the effects of using each tool. 

The members of one treatment group were individually 

instructed in the use of the tools by working through the 

seven levels on eight Amiga computers set up in a 

laboratoryoratory. All of the subjects were successively 

scheduled into a computer laboratoryoratory eight at a time, 

on the same day, later in the same week as the introduction. 

The subjects were allowed to go through the seven levels as 

many times as desired during a 40-minute period. In order 

to desensitize the subjects for the collection of near 

transfer data, video cameras were positioned to film the 

screens of four of the computers. Four other computers were 

genlocked to video recorders in order to collect data 

directly from the screen. 

The second treatment group received instruction in the 

use of the tools by an instructor in a classroom using an 

Amiga genlocked to an composite big screen monitor. The 

same software, Lemmings, was used, but the computer screens 

were paused at the beginning of each level. Each level was 

examined and discussed. Subjects shared ideas for possible 

solutions and were encouraged by the instructor to notice 

potential obstacles to reaching a successful solution. The 
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subjects had available a copy of the page from the manual 

illustrating the tools. The instructor demonstrated the use 

of the tool, or tools, allocated for each level by un-

pausing the computer and applying the tool appropriately in 

order to complete the level successfully. The learning 

session took place the same week as the introductory 

session. 

Collection of Near Transfer Data 

One week after the treatment sessions, near transfer 

was assessed using 10 additional problem situations, each of 

increasing difficulty, taken from Lemmings. Tools used to 

negotiate the simulation environment successfully were 

tallied as means; a tool used to prevent the Lemmings from 

destruction was tallied as recognition of an obstacle; a 

tool used that did not facilitate the Lemmings reaching the 

end point (goal) was tallied as irrelevant. In addition, 

each level was scored as solved or not solved. 

The subjects taught by the computer were presented the 

near transfer task situations by the computer. Video 

cameras focused on the computer screens and video recorders 

connected directly to computer video output were used to 

collect screen data for analysis. 

The subjects taught by an instructor were presented 

paper-and-pencil near transfer tasks of the same situations 

presented to the computer group, using screen prints taken 
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from Lemmings. The screen prints were obtained using a 

video camera and image editing software, DeluxePaint IV and 

an ink jet printer. In addition to the prints representing 

each level, a page of information on each level listing the 

number of Lemmings total, the number to be saved, the tools 

availaboratoryle for that level, and pictures of each tool 

with accompanying notation to be used on the screen prints 

to indicate when and where the tool was used were provided. 

The two treatment groups were given the same amount of 

time to solve each problem — from 3 to 5 minutes. Criteria 

for assessing near transfer included number of correct 

solutions in a 40-minute period, number of relevant means, 

number of obstacles recognized, and number of irrelevant 

means. A relevancy score was obtained by adding all 

relevant responses (means and obstacles), and dividing 

relevant responses by total means (means, obstacles, and 

irrelevant means). 

Collection of Far Transfer Data 

Far transfer was assessed for all subjects, 2 weeks 

after the near transfer tasks using a standardized means-end 

problem solving procedure instrument (MEPS) devised by Piatt 

and Sprivack (1975). The task required subjects to respond 

to four problem situations. In each situation, the subjects 

were given a problem with a beginning and a conclusion. The 

task required them to generate and write down, in narrative 
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form, a sequence of steps (story) that would provide a 

successful path to the goal. The narrative for each story 

could be no more than one page in length. Criteria for 

assessing far transfer included total number of relevant 

responses (means, obstacles, and time), and number of 

irrelevant means. A relevancy score was obtained by adding 

all relevant responses and dividing relevant responses by 

total means (means, obstacles, time, and irrelevant means). 

The subjects were given a maximum of 50 minutes to complete 

the task. The written instrument was administered to all 

three groups. 

Research Design 

A modified Solomon Four-Group Design was used to 

control for major threats to internal validity (history, 

maturation, testing, instrumentation, regression, selection, 

mortality, interaction effects) and to consider external 

validity factors which affect generalizability (Campbell & 

Stanley, 1963). The Solomon Four-Group Design is 

recommended for the assessment of the transfer of a problem 

solving strategy (Schumacker & Miller, 1990) . The design is 

shown in Table 1. 
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Table 1 

Modified Solomon Four-Group Design 

Random 
Group 

Pre Treatment Post Near 
Transfer 

A R °1 computer °2 

C
O
 

0
 

R computer °2 °3 

B R °1 instructor °2 O4 

R instructor °2 O4 

C R °1 control °2 

R control °2 

Note. 0-l = MEPS pretest, 0 2 = MEPS posttest, O3 = Near 

transfer by computer, and O4 = near transfer by paper-and-

pencil (screen prints). 

Corresponding pretest and posttest relevancy scores for 

each treatment group and the control group, were analyzed 

using a two-way analysis of variance (ANOVA). Posttest 

scores across the groups were analyzed using a one-way 

ANOVA. The assessment of near transfer was analyzed using a 

one-way ANOVA. An analysis of covariance (ANCOVA) was 

performed on the near transfer solution and relevancy 

scores. Generalizability was increased by controlling of 
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the main effects of testing and the interaction of testing 

and treatment (Campbell & Stanley, 1963). 

Definition of Terms 

For the purposes of this study, the following terms 

were defined: 

A problem is a gap between current status and desired 

goal. 

A problem solution is the resolution of a problem. 

Problem solving is the behavior or strategy employed to 

reach a problem solution. 

Near transfer is the application of a problem solving 

strategy to a different problem in the same domain. 

Far transfer is the application of a problem solving 

strategy to a problem in a different domain. 

The problem domain is the general subject area from 

which the problem is drawn. 

A strategy is a plan or technique for resolving a 

problem. 

Skill describes a proficiency demonstrated by ease of 

performance or application. 

Trial and error is a strategy which employs the 

systematic testing and rejecting of possible solutions until 

an appropriate solution is located. 
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Means-ends analysis is a technique wherein a goal is 

identified and appropriate ways to reach the goal are 

conceptualized. 

A simulation is a computer program or game that assumes 

the aspects of reality. 

A game is a form of activity, with a set of rules, that 

is entered into for amusement or as test of physical or 

mental prowess. 

Limitations 

The following limitations were imposed on this study: 

1. The study was limited to students enrolled in 

introductory university computer applications classes. 

2. The assessment of problem solving strategies was 

limited due to the availability of only one appropriate type 

of problem solving strategy assessment instrument. 



CHAPTER 4 

RESULTS 

The two sets of dependent variables were: the posttest 

scores on the Means Ends Problem Solving (MEPS) procedure, 

and the scores on the near transfer task. The posttest 

scores include relevant responses (means, obstacles, and 

time), irrelevant means, and a relevancy score which is a 

ratio score derived from relevant responses divided by total 

responses (relevant responses and irrelevant responses). 

Near transfer scores include number of correct solutions and 

a relevancy score. 

Posttest MEPS scores were analyzed using a one-way 

ANOVA and a Scheffe to determine which means differed. The 

two-way ANOVA was used to analyze the interaction of the 

pretest and the treatment, which was type of instruction— 

computer versus instructor. 

Near transfer scores were analyzed using a one-way 

ANOVA. An analysis of covariance (ANCOVA) was conducted to 

investigate the effects of the relevancy score on the total 

number of solutions according to the treatment. 

The relationship of the treatment groups, the pretest 

and posttest far transfer assessment, and the near transfer 

groups are provided in Table 1. 
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The first hypothesis dealt with the difference between 

the MEPS pretest and the MEPS posttest for any treatment 

group and the control group. Hypothesis 1 stated: There 

will be no significant difference in gain scores between 

pretest and posttests for the computer taught, instructor 

taught, and control groups. 

Inspection of the data in Table 2 from a two-way ANOVA 

for the computer treatment group and the control group 

indicates a significant difference in the test of main 

effects between the pretest relevancy scores and the 

posttest relevancy scores, F(l,l) = 30.41, £ < .0001. This 

means that the pretest did not significantly influence the 

scores on the posttest for the computer taught group. 

Table 2 

Summary for Two-Way ANOVA—Computer Group 

Source D.F. SS MS F Ratio Prob 

Main effects 2 1.66 .83 30.41 .000 

Trt 1 1.65 1.65 60.25 .000 

Pre/post 1 .03 .03 1.14 .292 

2-way interact 1 .03 .03 1.05 .310 

Explained 3 1.70 .57 20.63 .000 

Residual 48 1.32 .03 

Total 51 3.01 .06 
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Inspection of the data in Table 3 from a two-way ANOVA 

for the instructor treatment group and the control group 

indicates a significant difference in the test of main 

effects between the pretest relevancy scores and the 

posttest relevancy scores, F{1,1) = 29.47, p < .0001. This 

means that the pretest also did not significantly influence 

scores on the posttest for this group. Thus, hypothesis 1 

is rejected. 

Table 3 

Summary for Two-Way ANOVA—Instructor Group 

Source D.F. SS MS F Ratio Prob 

Main effects 2 1.52 .76 29.47 .000 

Trt 1 1.52 1.52 58.72 .000 

Pre/post 1 .02 .02 .70 .409 

2-way interact 1 .03 .03 1.00 .323 

Explained 3 1.55 .52 19.98 .000 

Residual 38 .98 .03 

Total 41 2.53 .06 

The second hypothesis dealt with the effects of the 

instructional method on the near transfer scores of the two 

treatment groups. Hypothesis 2 stated: There will be no 
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significant difference in the near transfer scores between 

the groups that were taught the rules by a computer program 

and the groups that were taught the rules by an instructor. 

Data from a one-way ANOVA on the near transfer score of 

irrelevant means reveals no significant difference between 

the treatment groups, F(l,53) = 1.76, £ < .19. The mean 

scores of 10.46 for the computer group and 7.88 for the 

instructor group were within the range of probability for 

the population. 

There was no significant difference in the scores for 

relevant responses between treatment groups, F(l,55) = .010, 

£ < .92. The means of 38.44 (N = 32) for the computer group 

and 38.12 <N = 25) for the instructor group were also within 

the range of probability for the population. 

The data from a one-way ANOVA on relevancy score also 

showed no significant difference, F(l,53) = .88, £ < .35). 

The means were .80 for the computer group and .83 for the 

instructor group. 

However, there was a significant difference between 

groups in the total number of correct solutions, F(l,53) = 

5.04, p < .03. The mean score for the computer taught and 

assessed group (N = 30) was 4.9, and for the instructor 

taught, paper-and-pencil assessed group (N = 25) was 6.24. 

The Cochrans C test for homogeneity of variances was met at 

the .05 level. 
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An ANCOVA was conducted to examine the effect of the 

relevancy score on the correct solution score. There was a 

significant difference based on treatment, F(l,52) = 4.67, 

£ < .05) . The adjusted means of 5.09 for the computer group 

and 6.05 for the instructor group suggest that the relevancy 

score is a better predictor of correct number of solutions 

for the instructor group than is it for the computer group. 

The second hypothesis is partially accepted. The 

groups showed almost no difference in the means for relevant 

responses (38.44 and 38.12), and for relevancy (.79 and 

.83) . However, the instructor group had a higher mean for 

tasks solved (6.24 and 4.9). Hypothesis 2 is accepted for 

number of correct solutions and rejected for relevancy 

scores. 

The third hypothesis dealt with differences in the far 

transfer scores of the two treatment groups. Hypothesis 3 

stated: There will be no significant difference in the far 

transfer scores between the groups that were taught the 

rules by a computer program and the groups taught the rules 

by an instructor. 

A series of one-way ANOVAs were performed on the MEPS 

posttest, far transfer task, to test differences between 

means of relevant responses, irrelevant responses and the 

relevancy scores for all groups (N = 73) used in the study. 

The three treatments (computer, instructor, and control) 
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were subdivided into pretest and no pretest groups resulting 

in a total of six groups. 

A significant difference was found between groups on 

the posttest relevant response score, F(5,67) = 4.25, 

£ < .002) . The means for the groups were: computer pretest 

(N = 15), 9.0, no pretest (N = 16), 8.31; instructor 

pretest (N = 10), 11.0, no pretest (N = 11), 9.64; control 

pretest (N = 11), 6.45, no pretest (N = 10), 7.0. A Scheffe 

indicated that the posttest relevant response score of the 

instructor taught group that had taken a pretest differed 

most from the posttest relevant response score of the 

control group that had taken a pretest. 

A significant difference was evident between groups on 

the posttest irrelevant response score, F(5,67) = 17.42, 

£ < .0001). The means for the groups were: computer 

pretest (N = 15), 1.4, no pretest (N = 16), 2.25; 

instructor pretest (N = 10),.1.5, no pretest (N = 11), 2.45; 

control pretest (N = 11), 8.18, no pretest (N = 10), 8.0. A 

Scheffe indicated that the posttest irrelevant response 

scores of the computer and instructor groups, both with a 

pretest and without a pretest, differed from the irrelevant 

response score of the control group, both with and without a 

pretest. 

A significant difference was also evident between 

groups on the posttest relevancy scores, F(5,67) = 16.55, 
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£ < .0001). The means for the groups were: computer 

pretest (N = 15), .87, no pretest (N = 16), .79; instructor 

pretest (N = 10), .89, no pretest (N = 11), .80; control 

pretest (N = 11), .46, no pretest (N = 10), .47. A Scheffe 

indicated that the posttest relevancy scores of the computer 

and instructor groups, both with a pretest and without a 

pretest, differed from the relevancy scores of the control 

group, both with and without a pretest. 

The treatment effects for far transfer relevancy scores 

are summarized in Table 4. 

Table 4 

Summary of Effects 

Group Effect 

A Computer pre . less than post 

B Instructor pre less than post 

C Control pre equal to post 

A posttest greater than C posttest 

B posttest greater than C posttest 

D posttest greater than C posttest 

E posttest greater than C posttest 
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D Computer post 

E Instructor post 

F Control post 

A posttest greater than F posttest 

B posttest greater than F posttest 

D posttest greater than F posttest 

E posttest greater than F posttest 

The third hypothesis is accepted. Although profound 

differences were found between the posttest scores of the 

control group and the treatment groups, significant 

differences were not evident between the posttest scores of 

the computer instructed group and the instructor taught 

group. 



CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

Discussion 

The purpose of this study was to examine the impact of 

computer instruction on the transfer of a general problem 

solving skill. The effects of computer instruction and 

classroom instruction on the transfer of a means-ends 

strategy were analyzed. One transfer task was domain 

specific (near transfer), and one was outside of the 

instructional domain (far transfer). The dependent 

variables for the near transfer task were (a) number of 

correct solutions and (b) relevancy score. The dependent 

variables for the far transfer task were (a) relevant 

responses, (b) irrelevant responses, and (c) relevancy 

score. 

Results obtained from this study indicate that, as 

expected, training did have a positive influence on the 

transfer of a means-ends problem solving skill. The 

relevancy scores for both types of transfer tasks were 

significantly increased by instruction. 

However, when examining the effects of two 

instructional training techniques on the transfer of a 

general problem solving skill, the results indicate that 
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instruction through discussion and demonstration was more 

effective than a computer presented, self-monitoring 

learning technique. 

Problem solving 

Results from this study support Davis' (1973) assertion 

that problem solving should become easier whenever an 

unfamiliar problem can be identified as a member of a class 

of problems whose solution strategy is known. If preschool 

children are able to use a means-ends chain of reasoning, as 

suggested by Klahr (1978), it is likely that university 

students also have some degree of skill in this strategy. 

The pretest scores from this study support this position. 

It can be deduced from these results that training the 

subjects in a means-ends strategy enabled them to solve this 

particular class of problems more adeptly. This supports 

Gagne's (1966) position that performance of a class of 

problems which could not previously be solved makes possible 

the inference of a newly acquired problem solving 

capability. 

Transfer 

Scandura (1977) used transfer synonymously with 

learning the learning of solution rules. "Rule acquisition 

methods are just like problem solving methods, except that 

they focus on the problem of improving a problem solving 



49 

method" {VanLehn, 1991, p. 38). Results from this study 

confirm the transfer of training on both near and far 

transfer tasks. Most studies on near transfer of a general 

strategy have examined analogical reasoning (Brown & Kane, 

1988; Gholson, Dattel, Morgan, & Eymard. 1989; Gholson, 

Eymard, Morgan, & Kamhi, 1987; Sanders & Phye, 1989 ). This 

study, using a means-ends strategy, corroborates previous 

near transfer study results. Results from this study also 

support the position of Sanders & Phye (1989) on delayed 

transfer, in that neither transfer task was performed 

immediately after the treatment. Near transfer was assessed 

1 week after the training; far transfer was assessed 3 weeks 

after the training and 2 weeks after the near transfer task. 

Researchers have suggested that transfer is increased 

when cognitive flexibility is increased; that the 

opportunities for learners' use of knowledge and situational 

strategies in novel ways determines the degree of transfer 

(Dirkes, 1985; Dudley-Marling & Owston, 1988) . The use of a 

commercial software game/simulation rather than software 

specifically designed for educational purposes provided 

adequate opportunities for novelty in order to facilitate 

transfer. 

Training 

The problem area was not in a content domain; 

therefore, the role of knowledge was not emphasized in the 
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training or transfer tasks. The training environment was 

content-knowledge free. The directions provided the rules 

governing the environment and how to use those rules for 

surviving the environment. The task for the trainer was, as 

Klauer (1989) suggested, to teach the procedure 

appropriately enough to enable the learners to apply it in 

various contexts, deliberately taking the identities and 

differences into consideration. 

The training encompassed most of the features 

recommended for transfer performance (Crisafi & Brown, 1986; 

Glaser, 1990; Rosaen, 1988): practice, discussion, and 

feedback. Practice was provided by using seven learning 

levels on Lemmings. The computer group could repeat any 

level, or levels, as many times as desired. Some subjects 

chose to repeat all seven levels; most only repeated levels 

on which they did not succeed the first time. The 

instructor group repeated each level. 

Discussion occurred between subjects in the computer 

group. Most of the exchanges were related to solution 

strategies. Occasionally, the instructor responded to 

questions, and often supplied verbal reinforcement for 

negotiating a level. In the instructor taught group, the 

teacher posed questions about possible obstacles and 

proposed solutions. Levin et al. (1986) has suggested that 

reflection (evaluation of problem solving results) is an 
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appropriate technique to encourage flexible problem solving. 

It provides an opportunity for problem solvers to "convince 

one another that a given move or strategy is the best one" 

(p. 3). The classroom discussion provided opportunities for 

reflection that were not available to the computer taught 

group. This may have influenced the near transfer gain 

scores of the instructor group. 

Feedback was provided during practice for both groups. 

The computer group could see immediately when a solution 

strategy was ineffective. The instructor group received 

feedback from the instructor or from each other during 

discussions. The feedback signaled that an error had been 

made but did not indicate a correct answer. Anderson (1987) 

pointed out that error-signaling feedback is more effective 

than just accuracy feedback. 

Feedback was available for the computer group but not 

for instructor group during the near transfer task. There 

were two types of feedback for the computer group. The 

first type, immediate feedback, related to the effectiveness 

of the chosen tool or path. This may have been anxiety 

producing because subjects worked in an action situation and 

may have felt pressure. The second type provided knowledge 

of the correctness of the solution. If incorrect, subjects 

did not have the opportunity to replay the level to make 

corrections. This condition was imposed due to the fact 
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that the paper-and-pencil group did not have this knowledge. 

They completed a task and then proceeded to the next task 

without any feedback of any type. As pointed out by 

Hoelscher (1984), although the eventual solution to a 

problem is important, the "process is the heart of problem 

solving" (p. 4). 

Contrary to observations by Sherman (1987-1988), the 

training in, or teaching of, a problem solving skill was not 

difficult or time consuming in this study. The potential 

for difficulty lies in locating appropriate software and 

materials, and in assessing the present level of ability of 

general problem solving, rather than in the learning and 

teaching. 

Implications 

"Problem solving has always been easier to talk about 

than to investigate" (Green, 1966, p. 3). Due to the 

complex nature of cognitive activities, any study may be 

confounded by one important variable, motivation. 

"Techniques that increase the motivation of students will 

increase the rate at which cognitive skills are learned" 

(McArthur, 1987, p. 199). The subjects in this study were 

highly motivated by the opportunity to interact with a 

computer game/simulation, either directly, as with the 

computer treatment group, or indirectly, as with the 

classroom instructed group. This situation may have 
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influenced the gain scores on both the near transfer and far 

transfer tasks. If the computer had a motivational 

influence, according to the results it was a positive 

influence. It is important to take advantage of the ability 

to use the power of emerging technologies (Kozma, 1991) . 

Future researchers need to examine the motivational impact 

of computers on problem solving abilities. 

In addition to assessing near transfer using the same 

medium as that used for presentation for each group, it may 

have been interesting to include an evaluation task using 

the same medium for both groups. Information 

differentiating between the use of a computer as an 

instructional medium and as a testing medium could be 

considered. These variables were not effected in this study 

in an attempt to control for an inequitable familiarity with 

one medium by one treatment group. 

This investigation also did not include a test of the 

subjects' abilities with other problem solving heuristics. 

It was surmised that an inordinate use of irrelevant means 

on the near transfer tasks denoted the use of a trial-and-

error technique rather than a means-ends analysis. Although 

both the near transfer and far transfer tasks required the 

use of a means-ends analysis, no appraisal was made of the 

extent of useage of other general strategies. Further 
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research needs to be conducted to investigate individuals' 

skills with other general problem solving strategies. 

Individuals may have a preference for using a 

particular strategy regardless of the nature of the task. 

Possibly, a person's preferred learning modality engenders 

the primacy of a particular general problem solving 

strategy. For example, a kinesthetic learner may try to use 

a trial-and-error strategy before resorting to other 

heuristics; a verbal learner may prefer an analogical 

reasoning strategy. Preferred learning strategies were not 

taken into account in this study. Further explorations into 

preferred problem solving styles could lead to valuable 

information relevant to the design of interfaces for 

information seekers, or selection of appropriate personnel 

for specific problem oriented tasks. 

In order to implement this experimentation, it was 

necessary to locate an instrument that could be used with 

large groups to assess skill with a general heuristic. The 

Means-Ends Problem Solving Procedure (Piatt & Spivack, 1975) 

was the only appropriate instrument found. Taking into 

account the weaknesses of standardized tests, it would 

nevertheless be beneficial to have readily available tools 

for an appropriate assessment of a range and variety of 

heuristics. It may be worthwhile to rate a person's current 

level of skill in several general problem solving 
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strategies. It would help to understand how and when a 

general heuristic is acquired or improved, and which problem 

solving ability has transferred in a given situation. 

Conclusions 

Two of the conditions for generality proposed by 

Perkins and Salomon (1989) were addressed in this study. 

First, due to the domain-free nature of the training and the 

transfer assessments, the performance gains found in this 

can be attributed only to increased ability in the use of a 

general heuristic—means-ends analysis. Second, common 

absence, or the documentation of lack of a strategy before 

intervention and gain of its use after intervention, was 

verified through the use of a pretest-posttest design. 

However, as stated earlier, it is not likely that this 

strategy is completely lacking in university age subjects. 

The results of this study are in direct contradiction 

to the observations of other studies (Dudley-Marling & 

Owston, 1988/ Roediger, 1990) that transfer is specific to 

the training examples, and that positive transfer is small 

unless the surface form of the problem is close enough to 

the training problem to elicit explicit rememberance. 

"Learning itself can be treated as a problem, and the 

gap between present knowledge and some more advanced state 

of knowledge can be bridged by applying weak problem solving 

heuristics to existing knowledge" (Bereiter, 1989, p. 4). 
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This application of a general heuristic to a domain problem 

is a transfer performance. Despite efforts to revamp 

education in order to promote more insightful learning 

within and across domains, the "fact of the matter is that 

most educational practice remains doggedly committed to 

imparting facts and algorithms" (Perkins & Salomon, 1989, 

p. 23). It is hoped that the results of this study will 

encourage researchers to use a computer simulation to 

identify problem solving styles and preferences, improve the 

use of a problem solving strategy, and assess the 

effectiveness of a general strategy. The importance of 

declarative knowledge is not denied. However, due to the 

inter/multidisciplinary nature of many current problems, it 

cannot be assumed that one's knowledge base will be 

sufficient to effectively interact with future situations. 

It is proposed that one of the stronger tools in a human 

problem solver's arsenal will be a proficiency with a 

variety of general heuristics. The importance of transfer 

of training "may be expected to increase because new jobs 

that arise as a consequence of applications of modern 

information technology . . . usually do not involve routine 

work but instead require flexible problem solving 

activities" (Jelsma, Merrienboer, & Bijlstra, 1990, p. 115) . 
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MEANS-ENDS STORIES 

Number Sex 

Classification Major. 

As a problem solver, do you consider yourself: 

Great Good Average So-So Not so great 

Do you play computer games? Yes No Arcade games? Yes No 

If you play computer or arcade games, please list the names. 

a. b. 

c. d. 

INSTRUCTIONS 

In this procedure we are interested in your imagination. You 

are to make up some stories. For each story you will be 

given the beginning of the story and how the story ends. 

Your job is to make up a story that connects the beginning 

that is given to you with the ending given you. In other 

words, you will make up the middle of the story. Tell a 

complete story, include everything that happens between the 

start and finish. 

Write at least one paragraph for each story. 
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3. Ms. P. came home after shopping and found that she had lost her watch. 

She was very upset about it. The story ends with Ms. P. finding her watch 

and feeling good about it. You begin the story where Ms. P. found that she 

had lost her watch. 
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Lemmings 
The Game 
An intriguing game in which you help hordes of mindless but delightful 
creatures — known as Lemmings — to escape hostile environments in over 
100 play levels. 

Lemmings drop through a trapdoor in each level and, as they are creatures of 
very little brain, they need all the help they can get to survive the dangers 
that lie within. j 

Lemmings are very cute but also very dumb. They will mindlessly walk off 
cliffs, into water, hazards and traps or they will mill around bumping into 
walls or other obstacles unless you help them get their act together. Tou can 
assist them by giving them certain skills and powers that will help them get 
through each level of the game. Once you have assigned skills (shown as icons 
on the bottom of the screen in each level) to certain Lemmings they can use 
those skills to help them and their follow Lemmings cope with the dangers 
that surround them. Each level of the game is an increasingly difficult 
environment that the Lemmings must navigate. At each level you have a 
different number of skills available for assignment; you have different times 
available for mastering that level and you have varying numbers of 
Lemmings that you must save to complete that particular level. 

A quick brain, the ability to plan ahead and lifetime's dedication to the Save 
A Lemming Campaign are required to get the right Lemming to perform 
the right action at the right time. A forgotten Blocker, a rogue Miner or a 
misplaced bridge could spell disaster for every Lemming on screen. 
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"Look what I cm do!" Climb Float Blow Up Blockers 
(he he) 

Block Build Bridges 

Dig Tunnels — across, diagonally and down 
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Icons (from left to right): 
1 *Decrease flow of Lemmings on to the level 
2 *Increase flow of Lemmings on to the level 

The following are the skills you can give to Lemmings 
3 Climber - climbs vertical surfaces 
4 Floater — A brolly (umbrella) opens to ensure a safe descent 
5 Bomb to dispatch single Lemmings (one way to get rid of Blockers) 
6 Blocker — stands with arms outstretched to block the passage of fellow 

Lemmings 
7 Bridge Builder — builds bridges, each builder has only twelve building bricks. 

When a Builder has laid his twelfth brick he turns to look at you for an instant 
. . . if you click on him again he will lay another twelve bricks (if you have any 
Builders remaining) and so on until you run out of Builders. If you don't click 
on him after he lays his twelfth brick he becomes a Walker again. 

8 Basher - digs horizontally, will only dig when a suitable surface is direcdy ahead 
of him 

9 Miner — uses a pick to dig diagonally down 
10 Digger — burrows vertically 
11 * Pause - gives you time to think 
12 Nuke 'Em destroys all Lemmings — should you find yourself in a 'no-win' 

situation (double click to activate) 
The green display to the right of the icons depicts the whole level. 
The square cursor on that display depicts the current area shown on-screen. 
Each skill may only be used a limited number of times (shown above each icon). 
* (one-player mode only) 
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Some Points to Note 
Metal (shown as square plates and usually used to contain liquids) can not be dug 
through or exploded away. 

Builders stop constructing bridges: 
(i) When they run out of bricks 

(ii) If the bridge hits a solid object 

(iii) If the Lemming hits his head while building 

Miners and Diggers keep digging until they dig through an earth layer, after which 
they fall through die bottom of the earth layer. 

Bashers keep digging until there is no more material in front of them to dig. 

A Lemming designated as a Climber or Floater retains these skills until the current 
level is ended or until he dies. A Lemming given both these skills is referred to as an 
Athlete. 

All other skill icons take effect as soon as you click on a Lemming — make sure that 
there is something to dig in front of a Basher or he will give up right away and you 
will have wasted a skill. 
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Table 5 

One-way ANOVA—Posttest Relevant Responses 

Source D.F. SS MS F Ratio Prob 

Between groups 5 149.26 29.85 4.25 .002 

Within groups 67 470.71 7.03 

Total 72 619.97 

Table 6 

Scheffe—Posttest Relevant Responses 

Mean Group 3 6 4 1 5 2 

6.4545 3 

7.0000 6 

8.3125 4 

9.0000 1 

9.6364 5 

11.0000 2 * 

* = pairs of groups significantly different at the .05 level 
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One-way ANOVA—Posttest Irrelevant Means 
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Source D.F. SS MS F Ratio Prob 

Between groups 5 584.29 116. 86 17.42 .0000 

Within groups 67 449.46 6. 71 

Total 72 1033.75 

Table 8 

Scheffe —Posttest Irrelevant Means 

Mean Group 1 2 4 5 6 3 

1.4000 1 

1.5000 2 

2 .2500 4 

2.4545 5 

8.0000 6 * * * * 

8.1818 3 * * * * 

* = = pairs of groups significantly different at the .05 level 
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One-way ANOVA—Posttest Relevancy Scores 
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Source D.F. SS MS F Ratio Prob 

Between groups 5 2. 14 .43 16.55 .0000 

Within groups 67 1. 73 .03 

Total 72 3. 87 

Table 10 

Scheffe—Posttest Relevancy Scores 

Mean Group 3 6 4 5 1 2 

.4627 3 

.4710 6 

.7856 4 * * 

.8018 5 * * 

.8733 1 * * 

.8930 2 * * 

* = pairs of groups significantly different at the .05 level 
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Table 11 

Near Transfer Solutions with Near Transfer Relevancy Scores 

by Treatment 

Source D.F. SS MS F Ratio Prob 

Within cells 52 136.64 2.63 

Regression 1 120.62 120.62 45.90 .000 

Constant 1 15.33 15.33 5.84 .019 

Treatment 1 12.28 12.28 4.67 .035* 

* = £ < . 05 
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Table 12 

One-way ANOVA—Near Transfer Relevant Responses 

Source D.F. SS MS F Ratio Prob 

Between groups 

Within groups 

Total 

1 1.41 1.41 

53 7872.52 143.14 

54 7873.93 

.01 9212 

Table 13 

One-way ANOVA—Near Transfer Irrelevant Means 

Source D.F. SS MS F Ratio Prob 

Between groups 1 91.24 91.24 

Within groups 53 2722.11 51.36 

Total 54 2813.35 

1.78 .1883 
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Table 14 

One-way ANOVA—Near Transfer Relevancy Scores 

Source D.F. SS MS F Ratio Prob 

Between groups 1 .02 .02 .88 .3523 

Within groups 53 1.05 .02 

Total 54 1.07 

Table 15 

One-way ANOVA—Near Transfer Solutions 

Source D.F. SS MS F Ratio Prob 

Between groups 1 24.49 24.49 5.04 .0289* 

Within groups 53 257.26 4.85 

Total 54 281.75 

* = £ < .05 
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RAW SCORE DATA SUMMARY 

TrtGrp ID SX Pretest Posttest Near Transfer 
TM IM Rel TM IM Rel IM TM Rel Sol 

===== : = = = = = = = = : = = = = = = : = = = = : = = = = = = = = = = = = = = = = = = = = : = = = : = = = = = : = = = = 

1 1 0 1 9 21 0.30 8 7 0.53 19 47 0 .71 6 
1 1 2 0 5 8 0.38 4 3 0 .57 13 41 0.76 3 
1 1 6 1 7 3 0.70 7 0 1.00 9 45 0.83 6 
1 1 9 1 9 6 0.60 10 2 0.83 14 32 0.70 4 
1 1 11 1 7 12 0.37 7 1 0.88 19 47 0.71 4 
1 1 13 1 6 15 0.29 9 0 1.00 18 44 0.71 6 
1 1 15 0 5 6 0.45 9 1 0.90 3 49 0.94 9 
1 1 26 1 9 4 0.69 13 1 0.93 17 29 0.63 3 
1 1 28 0 6 13 0.32 8 2 0.80 0 42 1.00 10 
1 1 29 1 7 2 0.78 7 0 1.00 3 44 0.94 4 
1 1 30 1 5 14 0.26 10 2 0.83 17 45 0.73 5 
1 1 32 1 10 11 0.48 13 0 1.00 14 42 0.75 5 
1 1 33 1 10 15 0.40 10 0 1.00 7 62 0.90 6 
1 1 35 1 8 6 0.57 10 2 0.83 8 36 0.82 4 
1 1 43 1 8 9 0.47 10 0 1.00 12 35 0.74 3 

2 2 2 1 7 6 0.54 9 0 1.00 1 35 0.97 8 
2 2 3 1 6 8 0.43 16 0 1.00 5 45 0.90 6 
2 2 15 1 11 2 0.85 11 0 1.00 4 47 0.92 9 
2 2 22 1 10 2 0.83 9 1 0.90 16 44 0.73 7 
2 2 31 1 6 3 0.67 8 1 0.89 11 35 0.76 8 
2 2 32 1 10 4 0.71 13 4 0.76 4 44 0.92 9 
2 2 37 1 5 5 0.50 0 44 1.00 9 
2 2 39 1 7 11 0.39 10 3 0.77 6 24 0.80 3 
2 2 49 0 9 2 0.82 9 0 1.00 0 37 1.00 7 
2 2 57 1 9 9 0.50 - - - 7 44 0.86 7 
2 2 59 1 13 7 0.65 • 13 3 0.81 5 43 0.90 8 
2 2 12 — 6 9 0.40 12 3 0.80 - - -

3 3 11 1 5 4 0.56 5 8 0.38 _ 
3 3 12 0 6 14 0.30 — — — __ 
3 3 16 1 3 7 0.30 7 9 0.44 — _ 
3 3 18 1 6 9 0 .40 8 3 0 .73 — — _ _ 
3 3 20 1 5 9 0.36 6 5 0.55 — — _ 
3 3 23 1 3 18 0.14 4 8 0.33 — 

3 3 24 1 3 16 0.16 6 19 0.24 — — — — 

3 3 25 1 6 7 0.46 — — — — _ —-

3 3 27 0 5 7 0.42 10 3 0.77 — _ 
—. 

3 3 28 1 5 7 0.42 6 11 0.35 — — 

3 3 33 1 6 4 0.60 9 5 0.64 _ ... —-

3 3 37 0 5 4 0.56 3 9 0.25 _ — .... — 

3 3 40 1 5 6 0.45 — — — ... 
3 3 43 1 7 7 0.50 7 10 0 .41 — — _. 
3 3 45 0 3 12 0.20 — — — — — _ 
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TrtGrpID SX Pre Test Post Test Near Transfer 
TM IM Rel TM IM Rel IM TM Rel Sol 

1 4 44 0 - - - 4 2 0 . 67 8 54 0 . 8 7 8 
1 4 45 0 - - - 7 0 1 . 0 0 11 34 0 . 7 6 3 
1 4 47 0 - - - 5 6 0 . 4 5 0 49 1 . 0 0 9 
1 4 53 1 - - - 7 1 0 . 8 8 13 47 0 . 7 8 5 
1 4 58 0 - - - 8 0 1 . 0 0 6 20 0 .77 1 
1 4 61 1 - - - 9 4 0 . 6 9 - - - -

1 4 63 1 - - - 12 1 0 . 9 2 13 32 0 . 7 1 2 
1 4 68 1 - - - 9 3 0 . 7 5 12 37 0 . 7 6 6 
1 4 73 1 - - - 14 1 0 . 9 3 7 43 0 . 8 6 5 
1 4 76 1 - - - 7 4 0 . 64 10 38 0 . 7 9 3 
1 4 79 1 - - - 6 4 0 . 60 5 48 0 . 9 1 4 
1 4 87 0 - - - - - - 9 37 0 . 8 0 5 
1 4 88 1 - - - 5 3 0 . 6 3 13 46 0 . 7 8 6 
1 4 92 1 - - - 11 3 0 . 7 9 8 43 0 . 8 4 6 
1 4 95 1 - - - 11 1 0 . 9 2 18 26 0 . 5 9 3 
1 4 97 1 - - - 7 3 0 . 7 0 8 36 0 . 8 2 3 
1 4 98 1 — — — 11 0 1 . 0 0 - - - -

2 5 0 1 — — — 13 2 0 . 8 7 14 34 0 . 7 1 4 
2 5 16 1 - - - - - - 7 34 0 . 8 3 6 
2 5 70 1 - - - 11 3 0 . 7 9 2 36 0 . 95 7 
2 5 71 1 - - - 13 1 0 . 9 3 5 40 0 . 8 9 6 
2 5 79 1 - - - - - - 5 42 0 . 8 9 7 
2 5 81 1 - - - 5 4 0 . 5 6 3 45 0 . 9 4 7 
2 5 82 1 - - - 8 7 0 . 5 3 1 36 0 . 9 7 6 
2 5 88 1 - - - - - - 12 15 0 . 5 6 1 
2 5 90 1 - - - 8 0 1 . 0 0 6 36 0 . 8 6 5 
2 5 91 0 - - - 6 4 0 . 6 0 43 8 0 . 1 6 1 
2 5 92 1 - - - 12 0 1 . 0 0 20 34 0 . 6 3 3 
2 5 95 0 - - - 5 1 0 . 8 3 10 52 0 . 8 4 9 
2 5 97 1 - - - . 13 0 1 . 0 0 7 55 0 . 8 9 6 
2 5 98 0 — — — 12 5 0 . 7 1 3 44 0 . 9 4 7 

3 6 50 1 — — — _ 

3 6 52 0 - - - 4 13 0 . 2 4 — — — — 

3 6 57 1 - - - - — — — — — — 

3 6 68 0 - - - 9 7 0 . 5 6 — — — — 

3 6 69 1 - - - 2 10 0 . 1 7 — — — — 

3 6 74 1 - - - 7 8 0 . 4 7 — — — — 

3 6 76 1 - - - 9 11 0 . 4 5 — — — — 

3 6 80 1 - - - 8 8 0 . 5 0 — — — — 

3 6 82 1 - - - 10 8 0 . 56 — — — — 

3 6 83 1 - - - 10 5 0 . 6 7 — — — — 

3 6 92 1 - - - 5 3 0 . 6 3 — — — — 

3 6 94 1 - - - 6 7 0 . 4 6 _ — __ — 

3 6 97 1 - - — — — — 



REFERENCES 

Aanstoos, C. M. (1985). Findings and implications of a 
descriptive approach to thinking. Los Angeles, CA: 
Annual Convention of the American Psychological 
Association. (ERIC Document Reproduction Service No. ED 
264 488) 

Ahmad, M. (1988) . The effect of computer based feedback on 
using cognitive strategies of problem solving. New 
Orleans, LA: Annual Meeting of the Association for 
Educational Communications and Technology. (ERIC 
Document Reproduction Service No. ED 2 95 622) 

Allen, B. S., & Carter, C. D. (1988). Expert systems and 
interactive video tutorials: Separating strategies from 
subject matter. Journal of Computer Based Instruction, 
15(4), 123-30 

Anderson, J. R. (1987). Skill acquisition: Compilation of 
weak-method problem solutions. Psychological Review, 
94, 192-210. 

Baltra, A. (1986). Computer adventure games: Toys as tools 
for teaching. Anaheim, CA: Annual Meeting of the 
Teachers of English to Speakers of Other Languages. 
(ERIC Document Reproduction Service No. ED 271 024) 

Bender, T. A. (1986). Monitoring and the transfer of 
individual problem solving. Contemporary Educational 
Psychology, 1JL(2), 161-69. 

Bereiter, C. (1989). The role of an educational learning 
theory: Explaining difficult learning. San Francisco, 
CA: Annual Meeting of the American Educational 
Research Association. (ERIC Document Reproduction 
Service No. ED 308 213) 

Bodner, G. M. (1987). The role of algorithms in teaching 
problem solving. Journal of Chemical Education, 64, 
513-14. — 

Bower, B. (1985). Computers and kids: Learning to think 
Science News, 127 (5), p. 71. 

Branwyn, G. (1986). Gaming: Simulating future realities. 
Futurist, 20(1), pp. 29-35. 



78 

Brown, A. L., & Kane, M. J. (1988). Preschool children can 
learn to transfer: Learning to learn and learning from 
example. Cognitive Psychology, 20, 4 93-523. 

Burton, J. K., & Magliaro, S. (1987-1988). Computer 
programming and generalized problem solving skills: In 
search of direction. Computers in the Schools, £(3-4), 
63-90. 

Campbell, D. T., & Stanley, J. C. (1963). Experimental and 
quasi-experimental designs for research. Boston: 
Houghton Mifflin. 

Cauzinille-Marmeche, E., & Mathieu, J. (1989). Be 
successful without understanding? The acquisition of 
game strategies by 7- to 15-year-old children. Kansas 
City, MO: Annual Meeting of the Society for Research 
in Child Development. (ERIC Document Reproduction 
Service No. ED 308 958) 

Clement, J. (1987) . Generation of Spontaneous analogies by 
students solving science problems. Honolulu, HI: 
International Conference on Thinking. (ERIC Document 
Reproduction Service No. ED 286 758) 

The Cognition and Technology Group at Vanderbilt (1990). 
Anchored instruction and its relationship to situated 
cognition. Educational Researcher, JL_9(6), 2-10. 

Collins, A. (1987) . Reformulating testing to measure 
thinking and learning (Technical Report No. 6898) . 
Cambridge, MA: Bolt, Beranek and Newman, Inc. (ERIC 
Document Reproduction Service No. ED 305 380) 

Cope, K.E. (1989) . Teaching the constitution by simulation. 
Social Studies Journal, 18, 10-11. 

Cramond, B., Martin, C. E., & Shaw, E. L. (1988). An 
investigation of the application of training in 
creative problem solving to content area problems. New 
Orleans, LA: Annual Meeting of the American 
Educational Research Association. (ERIC Document 
Reproduction Service No. ED 301 979) 

Crisafi, M. A., & Brown, A. L. (1986). Analogical transfer 
in very young children: Combining two separately 
learned solutions to reach a goal. Child Development, 
57, 953-68. 



79 

Danesh, I. (1989). Deterministic simulation versus 
probabilistic simulation approaches to scientific 
educational problem solving. Journal of Computers in 
Mathematics and Science Teaching, 8J4) , 64-72. 

Davis, G. A. (1973), Psychology of problem solving. New 
York: Basic Books. 

Dirkes, M. A. (1985). Learning and transfer through problem 
solving and metacognition. Chicago, IL: Annual Meeting 
of the American Educational Research Association (ERIC 
Document Reproduction Service No. ED 260 090) 

Dudley-Marling, C., & Owston, R. D. (1988). Using 
microcomputers to teach problem solving: A critical 
review. Educational Technology, ̂ 8(7), 27-33. 

Duffield, J. A. (1990). Designing computer software for 
problem-solving instruction. Educational Technology 
Research and Development, 39(1),p50-62. 

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

Funk & Wagnalls Standard College Dictionary (1968). New 
York: Harcourt, Brace & World. 

Gagne, R. M. (1966). Human problem solving: Internal and 
external events. In B. Kleinmuntz (Ed.), Problem 
solving: Research, method, and theory (pp. 128-148). 
New York: John Wiley & Sons. 

Gendell, J. (1987) . The solution is not the problem. 
Journal of Chemical Education, 64, 523-24. 

Gholson, B., Dattel, A. R., Morgan, D., & Eymard, L. A. 
(1989). Problem solving, recall, and mapping relations 
in isomorphic transfer and nonisomorphic transfer among 
preschoolers and elementary school children. Child 
Development, 60, 1172-87. 

Gholson, B., Eymard, L. A., Morgan, D., & Kamhi, A. G. 
(1987). Problem solving, recall, and isomorphic 
transfer among third-grade and sixth-grade children. 
Journal of Experimental Child Psychology, 43, 227-43. 



80 

Gilman, D. A., & Brantley, T. (1988). The effects of 
computer-assisted instruction on achievement, problem-
solving skills, computer skills/ and attitude. A study 
of an experimental program at Marrs Elementary School, 
Mount Vernon, Indiana. Indianapolis, IN: Indiana 
State Dept. of Education. (ERIC Document Reproduction 
Service No. ED 302 232) 

Gladwin, H. (1985). In conclusion: Abstraction versus "how 
it is." Anthropology and Education Quarterly, 16, 207-
13. 

Glaser, R. (1985) . The nature of expertise. (Occasional 
Paper No. 107). Columbus, OH: Ohio State University, 
National Center for Research in Vocational Education. 
(ERIC Document Reproduction Service No. ED 261 190) 

Glaser, R. (1990) . The reemergence of learning theory 
within instructional research. American Psychologist, 
45, 29-39. 

Goffin, S. G., & Tull, C. Q. (1985). Problem solving: 
Encouraging active learning. Young Children, 40(3), 28-
32. 

Green, B. F., Jr. (1966). Introduction: Current trends in 
problem solving. In B. Kleinmuntz (Ed.), Problem 
solving: Research, method, and theory (pp. 3-18). New 
York: John Wiley & Sons. 

Greenan, J. P. (1986). Curriculum and assessement in 
generalizable skills instruction. Journal for 
Vocational Special Needs Education, J3(l), 3-10. 

Greenfield, P. M. (1987). Electronic technologies, education 
and cognitive development. In D. E. Berger, K. Pezdek, 
& W. P. Banks (Eds.), Application of cognitive 
psychology: Problem solving, education and computing 
(pp. 17-32). Hilldale, NJ: Lawrence Erlbaum 
Associates. 

Greeno, J. G., & Berger, D. (1986). A model of functional 
knowledge and insight. New Orleans, LA: Psychonomic 
Society Meeting. (ERIC Document Reproduction Service 
No. ED 285 735) 

Guthrie, J. T. (1967). Expository instruction versus a 
discovery method. Journal of Educational Psvcholoav. 
58, 45-49. — x 



81 

Hannafin, M. J., & Colamaio, M. E. (1987). The effects of 
variations in lesson control and practice on learning 
from interactive video. Educational Communication and 
Technology Journal/ 35, 203-12. 

Harty, H., Kloosterman, P., & Matkin, J. (1988). Computer 
applications for elementary science teaching and 
learning. Journal of Computers in Mathematics and 
Science Teaching, 1_{$) , 26-29. 

Hayes, J. R. (1989). The complete problem solver. Hillsdale, 
NJ.: Lawrence Erlbaum Associates. 

Hoelscher, K. J. (1984). The microcomputer—A problem 
solving tool. Cambridge, MA: Conference on Thinking. 
(ERIC Document Reproduction Service No. ED 263 894) 

Hummel, T. J. (1990). Coached, interactive computer 
simulations: A new technology for training. Paper 
presented at a meeting of the American Educational 
Research Association, Boston, MA. 

Jelsma, 0., Merrienboer, J. J. G., & Bijlstra, J. P. (1990). 
The ADAPT design model: Towards instructional control 
of transfer. Instructional Science, 19, 89-120. 

Johanson, R. P. (1987). Educational computing and cognitive 
skills: Curricular issues and prolog prospects. 
Washington, DC: Annual Meeting of the American 
Educational Research Association. (ERIC Document 
Reproduction Service No. ED 286 4 63) 

Jones, W. M. (1985). On free-form gaming. A Rand note. 
Santa Monica, CA: Rand Corp. (ERIC Document 
Reproduction Service No. ED 274 534) 

Kean, E., Middlecamp, C. H., & Scott, D. L. (1988). 
Teaching students to use algorithms for solving generic 
and harder problems in general chemistry. Journal of 
Chemical Education, 65(11), 987-90. 

Keller, J. J. (1990). Strategy games: Developing positive 
attitudes and perseverance toward problem solving wit 
fourth graders. Master's Practicum Report, Nova 
University. (ERIC Document Reproduction Service No. 
323 013) 

with 

ED 



82 

Klahr, D. (1978). Goal formation, planning, and learning by 
pre-school problem solvers or: "My socks are in the 
dryer." In R. Siegler (Ed.), Children's thinking: What 
develops (pp. 181-212). Hillsdale, NJ: Lawrence 
Erlbaum Associates. 

Klauer, K. J. (1989). Teaching for analogical transfer as a 
means of improving problem-solving, thinking and 
learning. Instructional Science, 18, 179-92. 

Kotovsky, K., & Simon, H. A.(1990). What makes some 
problems really hard: Explorations in the problem space 
of difficulty. Cognitive Psychology, 22, 143-83. 

Kozma, R. B. (1987). The implications of cognitive 
psychology for computer-based learning tools. 
Educational Technology, 27̂ (11), 20-25. 

Kozma, R. B. (1991). Learning with media. Review of 
Educational Research, 61_(2), 179-211. 

Kurshan, B., & Williams, J. (1985) . The effect of the . 
computer on problem solving skills. (ERIC Document 
Reproduction Service No. ED 259 714) 

Lambert, M. E. (198 9). Impact of classroom computer use on 
computer anxiety. Paper presented at a meeting of the 
Southwestern Psychological Association, Houston, TX. 

Lampert, M. (1990). When the problem is not the question and 
the solution is not the answer: Mathematical knowing 
and teaching. American Educational Research Journal, 
27(1), 29-63. 

Langley, P. (1985) . Learning to search: From weak methods 
to domain-specific heuristics. Cognitive Science, 9, 
23.7-60. ~ 

Larson, J. (1986) . Problem solving with generic algorithms 
and computers. In Thinking across the Disciplines. 
Proceedings of the Annual Conference of the 
International Society for Individualized Instruction, 
Atlanta, GA. (ERIC Document Reproduction Service No. 
ED 276 439) 

Lave, J. (1985). Introduction: Situationally specific 
practice. Anthropology and Education Quarterly, 16, 
171-76. ~ — 

Lengel, J. G. (1987). Thinking skills, social studies, and 
computers. Social Studies, 78(1), 13-16. 



83 

Levin, J. A., Riel, M. M., Cohen, M., Goeller, M., Boruta, 
M., & Miyake, N. (1986). Reflexibility in problem 
solving: The social context of expertise. Amherst, 
MA: Annual Conference of the Cognitive Science Society 
(ERIC Document Reproduction Service No. ED 310 147) 

Levitsky, R. (1987) . Simulation and thinking. In M. Heiman, 
& J. Slomianko (Eds.), Thinking skills instruction: 
Concepts and technigues. Building Students' Thinking 
Skills Series. Washington, D.C.: National Education 
Association. (ERIC Document Reproduction Service No. 
ED 306 559) 

Licht, N. (1988) . Problem-solving research with computers. 
(ERIC Document Reproduction Service No. ED 294 760) 

Lippert, R. (1988) . Linking recent research in cognitive 
science and problem solving to instructional practice: 
New possibilities. New Orleans, LA: Annual Meeting of 
the American Educational Research Association. (ERIC 
Document Reproduction Service No. ED 293 873) 

Long, G. A. (1983) . Problem solving. (ERIC Document 
Reproduction Service No. ED 282 97 8) 

Lythcott, J. (1990) . Problem solving and requisite knowledge 
of chemistry. Journal of Chemical Education, 67, 248-
52. 

Mahoney, F. X., & Lyday, N. L. (1984). Design is what 
counts in computer-based training. Training and 
Development Journal, 3j}(7), 40-41. 

Mandinach, E. B. (1986). Aspects of programming courses 
that foster problem solving. San Francisco, CA: 
Annual Meeting of the American Educational Research 
Association. (ERIC Document Reproduction Service No. 
ED 267 908) 

Mandinach, E. B. (1987) . Computer learning environments and 
the study of individual differences in self-regulation. 
Washington, DC: Annual Meeting of the American 
Educational Research Association. (ERIC Document 
Reproduction Service No. ED 281 871) 

Marchionini, G. (1989). Electronic problem scenarios: 
Integrating computers into instruction. Journal of 
Education for Library and Information Science, 29(3), 
165-176. 



84 

Marshall, G. (1990). Drill won't do. American School Board 
Journal/ 177 (7), 21-23. 

McArthur, D. (1987). Developing computer tools to support 
performing and leaning complex cognitive skills. In D. 
E. Berger, K. Pezdek, & W. P. Banks (Eds.), Application 
of cognitive psychology: Problem solving, education and 
computing (pp. 183-200). Hilldale, N.J.: Lawrence 
Erlbaum Associates. 

Meijer, J., & Riemersma, F. (1986). Analysis of solving 
problems. Instructional Science, 15(nl), 3-19. 

Mestre, J. P., Dufresne, R.J., Gerace, W.J., Hardiman, P.T., 
& Touger, J.S. (1988). Promoting expert-like behavior 
among beginning physics students. Washington, DC: 
National Science Foundation. (ERIC Document 
Reproduction Service No. ED 294 751) 

Middlecamp, C., & Kean, E. (1987). Generic and harder 
problems: Teaching problem solving. Journal of 
Chemical Education, 64, 516-17. 

Millar, I. (1986). Techniques for teaching word problems. 
Lifelong Learning, 9̂ (4), 29-30. 

Millar, R. (1985) . Training the mind: Continuity and change 
in the rhetoric of school science. Journal of 
Curriculum Studies, 17, 369-82. 

Mitrani, M., & Swan, K. (1990). Placing computer learning 
in context. Brussels, Belgium: International 
Conference on Technology and Education. (ERIC Document 
Reproduction Service No. ED 327 141) 

Moursund, D. (198 6). Computers and problem solving: A 
workshop for educators. Eugene, OR: International 
Council for Computers in Education. (ERIC Document 
Reproduction Service No. ED 275 317) 

Newell, A., & Simon, H. A. (1972) . Human problem solving. 
Englewood Cliffs, NJ: Prentice-Hall. 

Niaz, M. (1989). The relationship between m-demand, 
algorithms, and problem solving: A neo-piagetian 
analysis. Journal of Chemical Education, J56 (5) , 422-
424. 



85 

Okey, J. R., & Oliver, R. G. (1987). Learning from 
computer simulations. Washington, DC: Annual Meeting 
of the National Association for Research in Science 
Teaching. (ERIC Document Reproduction Service No. ED 
282 753) 

Pallrand, G. J. (1988). Knowledge representation in novice 
physics problem solvers. Lake of the Ozarks, MO: 
Annual Meeting of the National Association for Research 
in Science Teaching. (ERIC Document Reproduction 
Service No. ED 292 634) 

Palumbo, D. B., & Vargas, E. A. (1987-1988). Problem 
solving: A behavioral interpretation. Computers in the 
Schools, 4(n3-4), 17-27. 

Perkins, D. N., & Salomon, S. (1989). Are cognitive skills 
context bound? Educational Researcher, 1_8(1), 16-25. 

Phye, G. D. (1989). Schemata training and transfer of an 
intellectual skill. Journal of Educational Psychology, 
81, 347-52. 

Pickering, M. (1990). Further studies on concept learning 
versus problem solving. Journal of Chemical Education, 
67, 254-55. 

Piatt, J. J., & Spivack, G. (1975). Means-ends problem-
solving procedure. Available from [G. Spivak, 
Institute for Graduate Clinical Psychology, Widener 
University, Chester, PA.] 

Pogrow, S. (1988). Teaching thinking to at-risk elementary 
students. Educational Leadership, _45(7), 79-85. 

Psygnosis (1991) . Lemmings [Computer program]. Brookline, 
MA: Psygnosis Limited. 

Rayner-Canham, G. W., & Rayner-Canham, M. F. (1990). 
Teaching chemistry problem solving techniques by 
microcomputer. Journal of Computers in Mathematics and 
Science Teaching, 9̂ (4), 17-23. 

Riecken, T. J., & Miller, M. R. (1990). Introduce children 
to problem solving and decision making by using 
children's literature. Social Studies, 81(2), 59-64. 



86 

Robbat, R. J. (1986) . Computers and individualized 
instruction: Moving to alternative learning 
environments. Washington, DC: National Institute of 
Education (ERIC Document Reproduction Service No. 264 
637) 

Robertson, W. C. (1989). Transfer problems, lost keys, and 
lampposts: A historical perspective as a guide for 
future research. San Francisco, CA: Annual Meeting of 
the National Association for Research in Science 
Teaching. (ERIC Document Reproduction Service No. ED 
319 634) 

Roediger, H. L., Ill (1990). Implicit memory: Retention 
without remembering. American Psychologist, 45, 1043-
1056. 

Rosaen, C. L. (1988) . Interventions to teach thinking 
skills: Investigating the question of transfer. 
Elementary Subjects Center Series No. 6. Washington, 
DC: Office of Educational Research and Improvement. 
(ERIC Document Reproduction Service No. ED 304 678) 

Rothenberg, J. J. (1990). Long term outcomes of an early 
intervention: Performance on three problem-solving 
tasks. Boston, MA: Annual Meeting of the American 
Educational Research Association. (ERIC Document 
Reproduction Service No. ED 320 917) 

Rudnitsky, A. N., & Hunt, C. R. (1986). Children's 
strategies for discovering cause-effect relationships. 
Journal of Research in Science Teaching, 23, 451-64. 

Ryan, J. N. (1987). The name's the game in problem solving. 
Journal of Chemical Education, 64, 524-25. 

Salomon, G., & Perkins, D. N. (1987) . Transfer of 
cognitive skills from programming: When and how?. 
Journal of Educational Computing Research, 3, 149-69. 

Salomon, G., & Perkins, D. N. (1989). Rocky roads to 
transfer: Rethinking mechanisms of a neglected 
phenomenon. Educational Psychologist, 24, 113-142. 

Sanders, C. E., & Phye, G. D. (1989) On-Line and memory-
based problem solving: A comparison of transfer 
effects. (ERIC Document Reproduction Service No. ED 327 
563) 



87 

Sawrey, B. A. (1990). Concept learning versus problem 
solving: Revisited. Journal of Chemical Education/ 
67, 253-54. 

Scandura, J. M. (1977). Problem solving. New York: Academic 
Press. 

Schrader, C. L. (1987). Using algorithms to teach problem 
solving. Journal of Chemical Education, 64, 518-19. 

Schumacker, R. E., & Miller, J. E. (1990). Learning 
strategies and transfer: A research design 
perspective. Unpublished manuscript, University of 
North Texas, Denton. 

Sherman, T. M., (1987-1988). A brief review of developments 
in problem solving. Computers in the Schools, £(3-4), 
7-27. 

Simon, H. A. (1980). Problem solving and education. In D. M. 
Tuma & F. Reif (Eds.) Problem solving and education: 
Issues in teaching and research (pp. 81-96). 
Hillsdale, NJ: Lawrence Erlbaum Associates. 

Simon, H. A. (1981). Information-processing models of 
cognition. Journal of the American Society for 
Information Science, 32, 364-77. 

Sinnott, J., (Ed.) (1989). Everyday problem solving, New 
York: Praeger. 

Smith, C. L., & Stander, J. M. (1981). Human interaction 
with computer simulation: Sex roles and group size. 
Simulation and Games, 12, 345-60. 

Smith, M. U., & Waterman, M. A. (1987). Categorizations of 
classical genetics problems by successful and 
unsuccessful problem solvers. Washington, DC: Annual 
Meeting of the National Association for Research in 
Science Teaching. (ERIC Document Reproduction Service 
No. ED 282 756) 

Steinberg, E. R. (1983). Problem complexity and the 
transfer of strategies in computer-presented problems. 
American Educational Research Journal, 20, 13-28. 

Swan, K., & Black, J. B. (1988) . The cross-contextual 
transfer of problem solving strategies from Logo to 
non-computer domains. New Orleans, LA: Annual Meeting 
of the American Educational Research Association. 
(ERIC Document Reproduction Service No. ED 299 953) 



88 

Troutner, J. (1987-1988). Computer literacy: Teaching 
pattern recognition. Journal of Computers in 
Mathematics and Science Teaching, 1_, 13-15. 

Van de Walle, J. (Ed.). (1987). Problem solving tips for 
teachers. Arithmetic Teacher, 35(4), 26-27. 

Van Horn, R. L. (1986). Technology: Serving a grand idea. 
Denver, CO: Western Interstate Commission for Higher 
Education and the State Higher Education Executive 
Officers. (ERIC Document Reproduction Service No. ED 
285 444) 

VanLehn, K. (1991) . Rule acquisition events in the 
discovery of problem solving strategies. Cognitive 
Science, 15, 1-47. 

Waldrop, M. M. (1988) . Soar: A unified theory of 
cognition?. Science, 241, 296-98. 

Wollman, W. (1984) . Models and procedures: Teaching for 
transfer of pendulum knowledge. Journal of Research in 
Science Teaching, 21, 399-415. 

Yates, B. C., & Moursund, D. (1988-1989). The computer and 
problem solving: How theory can support classroom 
practice. Computing Teacher, ljj(4), 12-16. 


