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Abstract 

The central question discussed is whether the use of computers leads fo the r~sf~~cturin~ 
of schools or classrooms. Several authors argue that intensive use of computers must 
lead to new classroom patterns or new forms of schooling. Data from the international 
comparative study of computers in education, conducted by the International Association 
for the Evaluation of Educational Achievement (IEA), reveal that in almost all schools in 
industrialized countries activities with computers are taking place. However, a relatively 
small number of teachers are involved, and these activities are not indicating real changes 
in the structure of schools and classrooms. 

Introduction 

The introduction to this special issue states that, as the 23s~ century approaches, education 
ought to be becoming a high-tech, information-based business. What appears to be 
needed are large changes in education in order to maintain its relevancy for our changing 
society. 

The central question in this chapter is whether the increasing use of computers in our 
schools reveals some indications of restructuring of their functioning+ 

This question assumes, that the use of computers, or more genera1 new technologies, 
may have consequences for the structure of schools. This assumption will be discussed 
in the next section. After summarizing the rationale and the design of IEA’s ‘“Computers 
in education” ~CO~PE~~ study, we will discuss some of the results of this international 
comparative study, whereby European countries, Japan, and the USA will be compared. 
In the final section we will conclude that the data show that the current practice of using 
new technologies in the schools does not (yet) result in real changes in the structure of 
schoofs and classrooms. 

Although new technologies may have different manifestations in educational and 
training settings, the computer is at present the dominant one in our regular schools and 
classrooms. We will therefore use both terms interchangeably. 
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Do New Technologies Induce a Need for Restructuring? 

Many authors predict, that our present schools need to change to be able to meet 
the demands of our present technological society and that new technologies will be 
instrumental in realizing this change. 

“I believe that the computer presence will enable us to so modify the learning environment outside 
the classrooms that much if not all the knowledge schools presently try to teach with such pain and 
expense and such limited success will be learned, as the child learns to talk, painlessly, successfully, 
and without organized instruction. This obviously implies that schools as we know them today will 
have no place in the future” (Papert. 1980, p. 9). 

Pogrow (1983) even predicts an environmental collapse of the public schools if they do 
not respond to the technological needs of the society. “If public schools do not adjust the 
nature of the educational services they deliver and how they deliver them, the utilization 
of the alternatives by substantial segments of the population will reduce or eliminate the 
political and monopolistic advantages currently enjoyed by the public schools”. 

Analyzing how efforts to use computers for education may affect the curriculum, 
Walker (1986) does not foresee the “death of organized schooling”, but indicates that: 

“If even a small part of the visionary dreams of computer-based education is to be realized, major 
changes will be required in the day-to-day activity and interaction patterns in classrooms around 
the country (USA). New computer-using classroom patterns or new forms of schooling in which 
conventional classrooms do not play the starring role will have to be developed. Developing 
these new patterns will require collaborative effort on a large scale sustained over a decade or 
more. Implementing successful patterns will require huge investments in in-service education and a 
revamping of preservice teacher education programs. Results of this sort will not be achieved solely 
through the individual efforts of talented teachers or through the gradual accretion of computer-using 
activities and courses within schools that otherwise continue to operate as they always have. All that 
piecemeal reform is likely to bring us is computer literacy, programming, and computer-assisted 
instruction as an occasional adjunct to selected classes” (pp. 33-34). 

He observed these “piecemeal” practices in schools in the first half of the 1980s. 
He concludes that a school’s easiest response to make the pressure of joining the 
computer revolution is “to put the computers in a computer center, put the most 
qualified teacher(s) in charge, and have them offer courses or units on computer literacy, 
computer programming, and other forms of teaching about computers. From teachers, 
the easiest response is to take the whole class to the computer center regularly for work 
on the computer, and the most easily understandable and justifiable work to have them 
do is drill and practice on basic skills. Anything else requires more money, more effort 
and expertise from teachers, and more variance from existing school practices” (Walker, 
1986, p. 35). 

In conclusion, even if we are not yet expecting an environmental collapse of the 
regular school system, schools have to develop new patterns of internal functioning in 
response to technological changes in their environments. We will analyze the data of the 
IEA COMPED for evidence either indicating new patterns in the day-to-day activities 
in schools and classrooms or that schools and classroom are still at the stage of what 
Walker (1986) calls “the easiest responses”. 

The IEA “Computers in Education” Study 

The International Association for the Evaluation of Educational Achievement (IEA) 
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is conducting an international comparative study on educational computer use in more 
than 20 countries. The study focuses on national and school policies and practices, the 
type of use of computers by teachers and students, the problems experienced in using 
computers, and the reasons for schools and teachers not using computers. 

The study consists of two stages. The first stage (1987-1990) was conducted to give 
a description of computer use at the school and teacher levels. The second stage 
(1990-1994) is intended to (1) replicate measures collected in the first stage in order to 
study developments over time and (2) collect data on student level to assess the effects 
of computer use in the classroom. 

An educational system is a complex interaction, consisting of different subsystems. 
We can distinguish different system levels or subsystems: at the macro level - the 
educational system of a country or state; at the meso level - the school and the 
classroom; and at the micro level - the student. At each level, educational decisions 
are influenced by different factors. For example, at the meso level the school board, the 
principal, the subject matter department, and the teacher influence decisions. External 
influences may be exerted by businesses or by parents. The output of a subsystem at 
a certain level can be perceived as the input for the subsystem on the next level. For 
example, the intentions and the plans of governments, laid out in official documents or 
existing as shared conceptions of what the schools are expected to do, is the output at 
the macro level. With this as the input at the meso level, the output of schools consists 
of student and teacher activities, the time allocations, and instructional practices in the 
classroom. This is the input at the micro level, resulting in cognitive skills and attitudes 
of students. 

The domain of computers in education is in a constant state of flux. There are many 
pressures for the acceptance and incorporation of computers at all levels of education. 
These pressures have a continuous influence upon what happens in schools. Being 
interested in structural changes in schools and classrooms, we must realize that the study 
of computers in education is also a study of educational change in action. The literature 
on educational change (for example, Fullan, 1982; Fullan, Miles, & Anderson, 1988) 
suggests that a relatively small number of factors are in~uencing how the different system 
levels influence each other, and how on a certain system level the desired output might 
be attained. These factors include the quality, clarity, and relevance of objectives and 
characteristics of the innovation (content, materials, instructional strategies); support 
and leadership; staff development; past experiences with innovations; and evaluation 
and feedback. 

Design of the Study 

As this chapter focuses on part of the data collected in the first stage of the COMPED 
study, only a description of the design issues involved in that stage will be summarized 
(for a more detailed description see Pelgrum & Plomp, 1988). 
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The target populations discussed in this chapter are the schools in junior secondary 
education. Within these schools data are collected by means of questionnaires from 
principals, computer coordinators, teachers of introductory computer education (in 
grades 7, 8, and 9), and grade 8 teachers of mathematics, science, and mother tongue. 
It should be noted that the teacher questionnaires for the three existing subjects have 
the same content except for the specification of the subject area in many questions. 

Subpopulations are schools and teachers both using and not using new technologies. 
In this chapter we will report results from industrialized countries,* as we expect the 
largest probability of finding schools restructured as a consequence of the use of new 
technologies will be found there. The realized samples in the countries reported here 
are presented in Table 1. 

System 

Table I 
Sample sizes of Population 2 Schools per Educational System 

Sample 

#Users #Non-users #Not defined 

Population 

#Schools 

Belgium-Flemish 219 
Belgium-French 170 
FMKe 2X6 
Japan 246 
Luxembourg 27 
The Netherlands 234 
Switzerland 649 
U.S.A. 303 

65 3 X27 
16 759 
55 78 4825 
9Y 1x 11.131 

- - 32 
19 8 2337 

338 15 1537 
112 38.329 

For most countries the sample of schools using computers is sufficiently large to obtain 
good national estimates. In Luxembourg, all secondary schools are participating in the 
study. As the schools sampled in each country were drawn with unequal selection 
probabilities, ultimately all statistics reported were weighted according to the inverse 
of the selection probabilities for each case. 

Some Results 

From the preceding information, we may conclude that certain conditions have to be 
fulfilled to expect changes in schools and classrooms as a consequence of the introduction 
of computers. Changes may only be expected when computers are used extensively. 
Therefore we will first discuss the degree of implementation of computers in education: 
To what extent are computers available and used in schools? Who are the users, and for 
which purposes are they using computers? Are traditional patterns in the schools and the 
classrooms indeed changing, and if not, what factors are inhibiting computer use? Data 
on some other relevant variabtes will be presented, such as school policy and computer 
use for school management purposes. 

*The following acronyms will he used for the educational systems participating in this study: BFL: 
Belgium-Flemish, BFR:Belgium-French, FRA:France, JPN:Japan, LUX: Luxembourg, NET:Nctheriands. 
SWI:Switzerland. U.S.A.: United States of America. 
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Hardware 

Figure 1 depicts the percentages of schools using computers and the average number 
of computers in lower secondary schools which are using computers for instructional 
purposes. 

Table 2 indicates the location of computers in the schools. 
We may conclude from these figures that the number of computers in the schools 

is increasing, that in 1989 computers were available in almost all secondary schools 
and that most of these computers are located in special computer rooms. In most 
schools the average number of computers is just large enough to have only one class 
at a time using computers, which implies that at present the hardware infrastructure 
in schools does not allow for many possibilities for using computers frequently and 
throughout the school curriculum. In this context it is not surprising that principals 
and computer coordinators report that the lack of hardware, including peripherals, is 
still a very important problem. 

Software 

The availability of software is a necessary condition for working with computers. 
Table 3 provides information about the availability in schools of different types of 
educational software. Table 4 provides information about the availability of software 
for different subject matter areas. 

From Table 3 it can be concluded that genera1 purpose software, such as word 
processors, spreadsheets, and data-base programs, is broadly available in schools. 

Table 4 shows that many schools have software for teaching students about computers. 
Countries vary largely in the availability of software for existing subjects. Especially in 
France, and the Netherlands, a vast majority of schools report that software is available, 
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Figure 1. Percentage of computer using junior secondary schools, and average number of computers in 
these schools. 
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Table 2 
Percentages of Computers at Different Locations in Lower Secondary Schools 

System 
Computer 

room 
Other 
rooms 

Belgium-Flemish 
Belgium-French 
France 
Japan 
Luxembourg 
The Netherlands 
Switzerland 
U.S.A. 

12 Xl 7 
1X 80 2 
21 67 7 

6 79 I5 
16 62 22 
8 81 11 

I9 71 11 
30 55 I5 

Table 3 
Availability in Schools of Different Types of Software (According to Computer Co-ordinators) 

Type of software BFL BFR 
Country/Educational system 

FRA JPN LUX NET SW1 U.S.A. 

Drill and practice 
Tutorial programs 
Word processing 
Painting or drawing programs 
Music composition programs 
Simulation programs 
Recreational games 
Educational games 
Programming languages 
Spreadsheet programs 
Mathematical graphing programs 
Statistical programs 
Database programs 
Item banks 
Record/score tests 
Gradebook programs 
Computer communication 

programs 
Tools and utilities 

51 64 96 57 71 72 53 92 
47 31 41 31 0 79 41 80 
XX 77 91 6X 92 YU 97 93 
25 29 70 70 33 62 79 47 

4 6 37 8 4 7 30 21 
23 I6 32 34 33 57 21 60 
22 31 59 27 41 61 63 70 
27 3X 7X 2.5 30 71 3X 92 
78 67 77 62 92 67 Xl 46 
75 51 72 65 96 92 8X 61 
41 39 52 24 63 74 33 43 
IX 17 24 40 26 49 I7 I7 
74 47 55 53 92 92 x1 66 

3 2 6 7 0 31 4 25 
6 3 7 I3 0 26 Y 36 

23 4 2X 76 0 42 IX 70 

I2 Y X IO 1’) 25 II I6 
37 1’) 46 31 37 5x 36 47 

Table 4 
Availabihty of Software for Different Subjects 

Subjects BFL BFR 
Country/Educational system 

FRA JPN LUX NET SW1 

Informatics 92 69 71 25 7x YI 72 
Mathematics 52 54 Y3 64 63 x9 51 
Science 2X 24 Xl 5X 37 X0 28 
Mother tongue 24 37 91 26 4 x5 23 
Foreign languages 42 21 XI 37 4 75 24 
Creative arts 2 4 57 II 0 3X 13 
Social studies X 14 67 2’) 7 7’) IS 
Commercial studies 35 29 31 0 37 60 31 
Technology (general) 14 5 62 31 0 II 0 
Technical courses 20 15 32 0 7 20 3 
Home economics 3 0 I4 I3 0 3 I 

In the U.S.A this question was not asked on the assumption that almost all schools possess software for each 
subject. 
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which does not mean that schools believe that they have enough educational software. 
Also in these countries many computer coordinators indicate that the lack of software 
is a problem. 

Involvement of Teachers 

The availability of educational software does not guarantee its use by teachers, as can 
be seen in Table 5. 

This table shows that in all countries, for which these statistics could be calculated, 
mathematics teachers are the most intensive computer users, but that in all countries, 
(except the U.S.A.) only a limited number of teachers in existing subjects are using 
computers for instructional purposes. From our data we know that most of these teachers 
are using computers only a few times a year. The percentage of computer using teachers 
in the U.S.A. is much higher than in other countries. Becker (1986) reported that in 1985 
only an average of 12% of the teachers were computer users, which roughly approximates 
to some of the European countries in 1989. Also, the average number of computers in 
the USA in 1985 was roughly approximate to the number in some European countries 
in 1989, therefore, we may wonder whether the developments in the other countries will 
follow the pattern of the U.S.A. over time. 

From Table 6 we conclude that there is a great variety in the ways computers are being 
used in junior secondary schools. For many applications there is much variation across 

Table 5 
Percentages of Teachers using Computers (for Population II) Broken Down per Subject 

BFL 
Country/Educational system 

LUX NET SW1 U.S.A. 

Mathematics 8 R 14 21 54 
Science 4 4 15 43 
Mother tongue 2 7 x II 45 

Table 6 
Ways of using Computers in Schools 

Type of use BFL 

_ 
Country/Educational system 

BFR FRA JPN LUX NET SWI U.S.A. 

Playing games as a reward 
Computer-assisted instruction 
Demonstration in front 

of class 
Students use computer as a 

tool 
Introductory courses about 

computers 
Course in computer science/ 

programming 
Remedial CA1 
Enrichment CAI 
Computer assisted testing 
Computer club for students 
Teachers borrow school 

computers 

9 26 
70 84 

42 63 

60 70 

89 84 

63 72 37 15 
26 25 57 16 
26 29 55 7 
16 28 32 4 
10 IS 63 37 

41 65 27 Y 30 

51 
95 

16 

68 

75 

33 
89 

74 

82 

85 

85 
7 

; 
37 
22 

24 22 84 
88 43 95 

44 55 86 

76 76 82 

93 84 91 

41 62 65 
54 10 74 
29 13 g3 
34 9 45 
11 3 34 

44 32 70 
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countries. The data further illustrate that in all countries introductory computer courses 
and computers as tools are important. If we combine these with the low percentages of 
computer using teachers in subjects other than computer education, we cannot conclude 
that great changes in regular classroom activities are occurring. 

Computers in School Management 

The ways in which computers are being used for administrative purposes are presented 
in Table 7. 

This table again shows a great variety in uses of the computer in regular administrative 
tasks in a school and keeping students’ records seems to be the major application. 

Table 7 

Administrative use of Computers 

Type of use BFL BFR 

Country/Educational system 

FRA JPN LUX NET SW1 U.S.A. 

Records about teachers 57 77 33 19 45 72 4’) 32 

Records about students 83 92 78 98 89 90 61 74 

Constructing time-table 42 34 21 46 70 65 33 62 

Financial matters 57 49 x5 56 59 61 33 49 

Library records 18 13 13 5 48 IS 22 46 
Word processing X0 XI 41 93 78 87 x2 74 

Schools’ Policy for Instructional Computer Use 

The most important reasons for schools to introduce computers are to (1) give students 
an important experience for the future, (2) keep the curriculum up-to-date, and (3) make 

the school a more interesting place. 
Present policy issues of schools are listed in Table 8. From this we can conclude that 

in some countries certain school policies are very dominant in (almost) all schools. 
Table 8 also shows that many schools still have not formalized their policies; only a 

limited number of schools have written policies for instructional computer use. 

Innovation Experience 

The introduction of computers in education is a very complex innovation for schools 
and requires that many conditions be fulfilled before success can be expected. One 
might argue that schools need time to build up enough expertise, knowledge, and 
experience among teachers before any impact might be expected. Figure 2 shows that 
a tremendous variation in years of experience with computers exists within, as well as 
between, countries. Even in the U.S.A., 75% of the schools have less than 10 years of 
experience. 
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Table 8 
School Policies with Respect to Computer Use 

Policies BFL BFR 
Country/Educational system 

FRA JPN LUX NET SW1 U.S.A. 

Computer experience 
before graduation 

Content of introduction 
course 

Instruction with computers 
Content of computer 

science c*wse 
Computer game playing 

rules 
Priorities of instructional 

uses 
Actions to ensure equity 
Prescribe computer use 

in grades 
Prescribe soft- and/or 

hardware 
Written policy on 

computer use 

83 34 68 19 t35 98 65 67 

67 62 41 10 96 7s RI 72 
53 41 39 12 93 62 51 32 

76 71 37 7 92 81 74 59 

11 R 10 5 0 47 11 26 

57 31 36 9 7 61 25 27 
51 12 7 5 4 66 18 15 

79 58 51 17 89 90 50 27 

67 42 51 21 92 64 65 52 

9 19 33 13 48 27 29 29 

Conclusions 

The data from the COMPED survey show that in many industrial countries the use 
of computers is accepted and, in principle, implemented at all school levels; almost all 
schools possess computers and are using them for instructional purposes. 

However, in general, a small number of teachers are computer users, and the types 
of computer use in schools are such that from our data no real structural changes in 
classroom and school management can be inferred. This lack of an apparent trend in 
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Figure 2. Boxplots (boxes contain 25575% of respondents, * = median) of years of experience with 
computers of junior secondary schools according to principals. 
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structural changes does not mean that there are not many teachers who started to change 
their classroom management while using computers. For example, by applying different 
forms of grouping and student-student interaction during their lessons with computers, 
teachers change their roles. 

We must conclude that the picture of the mid-80s depicted by Walker (1986) is still 
a valid one: Schools and teachers are still in the stage of the “easiest responses” to the 
pressure of joining the computer revolution. 

We do not believe that this is a disappointing situation. Real integration of computers 
in education is a complex process, and Walker rightly points out that new patterns of 
schooling will require collaborative efforts on a large scale sustained over a decade or 

more. We conclude that the majority of our schools have only been using computers for 
a few years, and that their policies in most cases are not spelled out and are reflecting the 
typical characteristics of the stages of early implementation. From the data on national 
(or state) policies reported by participating countries, we can conclude that in the area 
of new technologies in education, many stimulation policies exist. At the same time we 
cannot characterize these policies as collaborative efforts sustained over a long period. 

In conclusion, the central question of whether the data from the IEA study on 
computers in education reveals indications of restructuring of schools as a consequence 
of computer use cannot at present be answered affirmatively. 

Note Added in Proof 

The data reported here are the first results from the IEA Comped study and were 
partly presented at the Second European Conference on Information Technology in 

Education (Plomp & Pelgrum, 1991). For a more comprehensive overview of results 
see Pelgrum and Plomp (1991). 
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