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Abstract 
Professional development programs, whether they focus on computer environments or 
on non-computer environments, are assumed to play an important role in professional 
growth. Typically, designers of such programs anticipate that the main outcome will 
be improvement in teachers' pedagogical knowledge and practice. To what extent 
have professional development programs experienced unfavourable outcomes? Are 
such negative outcomes unavoidable? The present paper addresses both issues. Based 
on research in the areas of cognitive psychology and professional development in 
education, this study questions the widely accepted assumption that gaining expertise 
is a linear developmental process. Instead, the study shows that integrating computers 
into the curriculum is a U-curve process that involves a negative side of decline in 
performance followed by a positive side of overcoming difficulties and reconstructing 
teachers' pedagogical content knowledge. The U-curve model consists of the 
following stages: survival, exploration and bridging, adaptation, conceptual change 
and invention. Unfortunately, however, only a few teachers move into the invention 
stage; others drop out at one stage or another of the U-curve process. 
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1 INTRODUCTION 

Until recently, the main research foci in the area of computer education were (and still 
are) the software and the students, with little attention (relatively speaking) devoted to 
the teachers (for example, Katz and Offir, 1996; Mevarech and Netz, 1991). Several 
reasons may explain this phenomenon. First, it is possible that, explicitly or implicitly, 
researchers have assumed that computers can replace the teacher and thus there is no 
need to focus on the teacher. Second, having access to friendly software has led 
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researchers to believe that teachers would know what to do with it, without being 
explicitly trained in doing so. Finally, since professional development in education 
started to flourish much after computers had been introduced into schools, researchers 
have not utilised the growing knowledge in this area. 

Yet, current research has shown that teachers face considerable difficulties in 
integrating computers into the curriculum (for example, Ingvarson and Mackenzie, 
1988). These findings raise the need to examine the stages that teachers pass through 
when they teach with the aid of computers. The present paper addresses this issue. In 
particular, the study examines the following questions: To what extent have 
professional development programs regarding computer learning environments 
unfavourable outcomes? Are such negative outcomes unavoidable? And if they are, 
how can teachers cope with these difficulties? My main thesis is that professional 
development in education is not a linear process that involves a continual growth in 
teachers' pedagogical knowledge, skills, and beliefs, but rather aU-curve process that 
involves "a negative side of decline in performance and attitudes followed by a 
positive side of overcoming the difficulty and reconstructing teachers' pedagogical
content knowledge" (Mevarech, 1995a, p. 151). 

Evidence supporting the U-curve phenomenon is obtained from a series of 
observations and interviews with experienced teachers who were teaching in two 
kinds of co-operative computer learning environments emphasising metacognitive 
processes: Application-Based Computer (ABC) course (Mevarech, 1995b) and Logo
Stat (Mevarech and Kramarsky, 1992; 1993). These two courses were selected for 
several reasons. First, both courses emphasise general strategies and thus recruit 
teachers from many disciplines. Second, both courses introduce innovations in 
technology and instructional methods. Finally, since both courses exert positive 
effects on students' cognitive and metacognitive components as well as on social 
relationships (Mevarech and Kapa, in press; Mevarech and Kramarsky, 1992; 1993), it 
would be interesting to examine how successful programs affect teachers' 
professional development. 

2 THE U-CURVE MODEL 

Stage A: Survival 
The first stage is characterised by "survival behaviours". During the first weeks of 
working in a new computer learning environment, many teachers, even experienced 
teachers, behave as if they are first-year teachers. They swing from permissiveness to 
excessive strictness, are concerned with discipline and management problems, and 
focus only on physical changes in classroom organisation. In our interviews, many 
teachers express their concerns by raising a series of "what if' questions: "What if 
there will be a bug in the software?" "What if there will be a short circuit or another 
unexpected problem?" "What if a student will ask a question for which I will not 
have an answer?" Hall et al (1975) described this stage as: "mechanical use of the 
innovation -- state in which the user focuses most effort on the short term day-to-day 
use of the innovation with little time for reflection ... [At this stage] teachers solicit 
management information about such things as logistics, scheduling techniques, and 
ideas for reducing amount of time and work required of the user" (p. 8). 
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Although most of the teachers we observed and interviewed were experienced 
teachers, when a problem arose they seemed to forget their rich pedagogical 
knowledge schema. When these teachers planned their lessons they strictly followed 
the suggestions offered in the teacher guidance and did not base their decisions on 
their pedagogical schema. When they ask for help, it always relates to technical 
questions such as: which key to push in order to get ... , how much time to allocate for 
... , or how to handle discipline problems. Interestingly, any problem that arose in the 
classroom was immediately interpreted as related to the new technology. When the 
mentors asked the teachers to plan a student-teacher-computer activity, many teachers 
responded that they "cannot interfere with the computer work". As Riding (1984, p.1) 
described: "teachers conceive the computers as yet one of seven-world wonders, 
which if ignored will go away:" 

Why do experienced teachers behave like novices when they start working in a new 
computer learning environment? According to current theories in cognitive 
psychology, prior knowledge is a major factor in influencing all aspects of 
information processing, from perceptions and encoding of cues, through levels of 
information processing, to retrieval, problem solving, and metacognitive functioning. 
Furthermore, cognitive researchers have indicated that when the new and prior 
knowledge are in accord, the new knowledge may be easily assimilated with the 
existing schema; when, however, the new and prior knowledge contradict each other, 
the old knowledge often interferes with the new knowledge and causes a decline in 
performance, as seen in learning to use a new keyboard that is slightly different from 
an old one. This is probably what happens when a teacher is exposed to a new 
computer learning environment: the rich pedagogical knowledge base interferes with 
the encoding and processing of cues provided in the new environment and causes 
discipline problems, rigid behaviour, decline in performance, and the use of traditional 
teaching methods. Indeed, Dawyer et aJ (1991) and Mevarech and Netz (1991) 
reported that teacher who used for the first time application-based computer systems 
or CAl programs replicated traditional instructional and learning activities, almost 
never interacted with other teachers sharing the same problems, were mainly engaged 
with technical problems, and showed no change in professional self-esteem. 

Stage B: Exploration and bridging 
Not all teachers survive the entry stage. Many drop out of the project. Yet, those who 
do survive move into a stage of exploration and bridging. They start to approach the 
new learning environments more positively, although they are still hesitating and 
probing. At this stage most teachers are preoccupied with themselves (Hall et a!, 
1975). In the interviews they express their concerns by asking: "How can I cope with 
the innovative method/software/learning environment?". The emphasis here is on the 
teachers themselves rather than on the students. Exploring and bridging often results 
in a smooth implementation of the innovative software with less stress and minimal 
management problems. Teachers at this stage usually report that implementation is 
going fine with few if any problems, yet no reflective responses are observed. On the 
contrary, teachers use the new software routinely, but pay little attention to ways of 
adapting the innovation to the needs of their students. 
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Stage C: Adaptation 
The adaptation stage is characterised by reflective use of the innovative learning 
environments. At this stage, teachers know the requirement, they can cope with 
"technical" problems" and they are pretty much aware of the pros and the cons of the 
innovation. Teachers' mental energy is, therefore, devoted to reflective integration of 
the computers in the curriculum. They frequently discuss pedagogical problems with 
their colleagues and often show self-confidence in applying their own pedagogical 
knowledge schema in solving problems. Teachers at this point are not preoccupied 
any more with themselves but rather with their students. They often ask questions 
such as: "How can my students learn graphing with computers?" 

Another change in teachers' behaviour concerns their planning behaviour. Whereas 
in previous stages, planning relates to moment-to-moment problems and short-term 
outcomes, at this stage planning is based on seeing the entire unit. Teachers use their 
knowledge about children's developmental characteristics, and they base their 
teaching on learning theories. For example, teachers using the ABC course expressed 
feelings that even low-achieving children can function at a very high cognitive level 
by utilising the computerised tools and learning co-operatively with other children. 

Stage D: Conceptual change and invention 
The progression from survival, through exploration and bridging, to adaptation builds 
a readiness for conceptual change. At this stage, teachers use the innovation in a 
reflective and dynamic way, and they often provide evidence showing that they have 
experienced conceptual change regarding the learners and the learning processes. 

In our interviews, many teachers start talking in constructivistic terms rather than in 
"knowledge transmission" terms. They emphasise creative thinking, hypothesis 
testing, and problem solving. As one teacher said: "Before I was exposed to the ABC 
course I thought that school depressed students' creativity. I thought that only high 
achieving students could be creative. Now I think that there is still some hope and 
school can enhance creativity, including creativity of "weak" students. Instructional 
activities at this point focus on the cognitive and psychological objectives of the unit 
and how they can be achieved. In the interviews teachers were not concerned any 
more with technical problems. Instead, they were concerned with long term effects of 
the programs such as how to avoid misconceptions, how to share instructional 
activities with their colleagues, and how to enrich their theoretical knowledge. 
Dawyer et al (1991) indicate: "The most important change in this phase was an 
increasing tendency of teachers to reflect on teaching, to question old patterns, and to 
speculate about the causes behind changes they were seeing in their students" (p. 50). 

Conceptual change may be followed by invention - some teachers may suggest new 
ways of integrating computers into the curriculum. Naturally, invention is suggested 
only after teachers had experienced conceptual change and only by a small number of 
teachers. For example, several ABC teachers who attained conceptual change have 
designed an interdisciplinary course for junior high school students based on a variety 
of application software. The teachers defined new learning objectives, developed all 
the learning activities that are appropriate for attaining these purposes, and exposed 
the students to a large number of different application software. 

The U-curve model may have important implications for designers of in-service 
training programs, teachers, principals, and practitioners. First, anticipating immediate 
improvement in professional development and being unaware of the difficulties may 
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increase frustration and lead many teachers to drop the innovation under different 
kinds of excuses. Changing teachers' expectations by introducing the notion of the U
curve model may facilitate the integration of computers into the curriculum. Second, 
it is well known that staff development programs must be combined with intensive 
support. The U-curve model may specify the kind of support that has to be provided at 
each stage. Third, involving teachers in school level decisions regarding the 
integration of computers into the curriculum may increase teachers' responsibility and 
facilitate the transition through the stages. Finally, discussing with teachers the 
expected difficulties, while reflecting upon their technical and pedagogical knowledge 
may be a powerful means in enhancing professional development. Since sometimes 
the feeling of frustration observed in the survival stage is intertwined with feelings of 
"discovery" and enthusiasm (Huberman, 1989), the positive feelings have to be 
utilised to facilitate the move to the next stage. Positive evidence showing the 
beneficial effects of learning co-operatively at the computer (Mevarech and Light, 
1992) indicated that computers can be used not only for mastery of basic skills, but 
also for enhancing higher order thinking processes and social relationships between 
students. Similar techniques may be used for training teachers. Since the role of the 
teacher is crucial in integrating computers into the curriculum, the U-curve model 
merits future research. 
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