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Several recent articles have addressed the issue of the translation
and interpretation of education research for the purpose of
affecting policy (e.g., Educational Researcher 29(6).) We
respond to the publication of, and media attention to1, Fool’s
gold: A critical look at computers in childhood (Cordes & Miller,
2000). This report delineates some important issues for
discussion and includes several valid concerns. However, we
believe it’s presentation of half-truths and misleading interpreta-
tions of theory and research under the guise of academic
respectability not only presents an unfortunate one-sided
picture of the issues and related empirical research, but, more
generally, plays the U.S. media game to the detriment of
research, intellectual discourse, and, ultimately, children. Misuse
of technology by some and overzealous promotion by others are
not valid reasons for misrepresenting the field or for speciously
framing the computer as the lightning rod for a broad range of
criticisms that we argue can be reasonably attributed to no single
source. Such incomplete and dishonest reporting misdirects
attention from the wider web of political and pedagogical
concerns, trammels the progress of research and expert practice
that can guide developmentally appropriate and beneficial use of
computers, and does violence to the academic enterprise by
reinforcing the cynical belief that research can also support either
of polar opposite opinions. In this article, we hope to correct
misconceptions about computers in education, but more so, to
argue for a complete, balanced, consideration and reporting of
research, especially when addressing policy implications.

(c) 2003 Educational Technology Review 11(1), 7-69



In 1995, we argued that “we no longer need to ask whether the use of
technology is ‘appropriate’” in early childhood education (Clements &
Swaminathan, 1995). The research supporting that statement was, and
remains, convincing, but social and political movements follow their own
cyclic course. The most recent example is the publication of Fool’s gold: A
critical look at computers in childhood (Cordes & Miller, 2000). This report
delineates some important issues for discussion and includes several valid
concerns. However, we believe that it may do more harm than good because
it’s presentation of half-truths and misleading interpretations of theory and
research under the guise of academic respectability not only presents an
unfortunate one-sided picture of the issues, but, more generally, plays the
U.S. media game to the detriment of research, intellectual discourse, and,
ultimately, children.

In this response, we will not address all of the lacunae and misrepresenta-
tions in the report, as this would require an extensive revisiting of research
already available in several sources (Behrmann, 2000; Clements & Nastasi,
1992; Clements & Sarama, 1997). Instead, we address several major problems
with this particular report and, using it as a case, draw implications for
reports in this genre. The major sections deal with research on young
children and computers; following these sections, we discuss areas of
agreement and the issue of full reporting of research results, and end with
conclusions and implications.

COMPUTERS, CHILDREN, AND RESEARCH

Fool’s gold argues that computers pose serious hazards to children,
physically, emotionally, intellectually, and developmentally. It describes
children’s need for exercise, direct experience with the natural world, and
strong personal bonds with caring adults, implying a mutual exclusivity
between meeting these needs and using computers. The report explicitly
states that these and other arguments are based on research. However, the
research reported is often of a general nature, with vague textual contiguities
and non sequiturs substituting for bona fide implications.

Fool’s gold quotes Larry Cuban as saying that there “is no clear, command-
ing body of evidence that students’ sustained use of multimedia machines,
the Internet, word processing, spreadsheets, and other popular applications
has any impact on academic achievement” (p. 3). Undoubtedly, anyone



attempting to craft a polemic can argue that the body of evidence on almost
any educational domain is not sufficiently clear or commanding. Neverthe-
less, this statement can only be valid if it is addressing what is typically
done with computers (which is not what the quote or the report in general
implies), otherwise, it ignores a considerable research corpus. Cuban (2001)
himself has stated that the literature is “filled with studies that demonstrate
more students learning through using computers than conventional means
of instruction” (p. 204). It is equally disappointing that most of the empirical
work on educational use of computers with young children is not reviewed
or discussed in the report.

The body of research that Fool’s gold ignores is substantive. Consider
research on early childhood (birth to grade 3), arguably the most conten-
tious level for computer use. Not only are there hundreds of studies in the
literature, but there are useful reviews summarizing this research. Indeed,
many of these reviews—published before the Alliance even began their
report—pose the same issues and bring research evidence to bear on them
specifically (Clements & Nastasi, 1992; Fatouros, 1995; Watson, Nida, &
Shade, 1986). These reviews do not commit the egregious error of lumping
every possible use of computer technology into one category, as does
Fool’s gold. Rather, they differentiated various uses of computers, including
non-educational game use, drill and practice, and programs providing
unique, rich, educational experiences; they further discussed the advantages
and disadvantages of each (Behrmann, 2000; Clements & Nastasi, 1992;
Fatouros, 1995; Ishigaki, Chiba, & Matsuda, 1996; Watson et al., 1986).

Thus, Fool’s gold contains critical flaws. Fool’s gold never clarifies what
question it is asking. Is it “Do computers as such do X or have effect Y”?
This lumping all computer uses together is a form of what Papert years ago
called “technocentrism” (Papert, 1985)2; such questions are simplistic to the
degree that they are not educationally useful. Or, is Fool’s gold’s question,
“What are the average effects of computers as they are generally used in
schools today?” The report’s failure to clarify the questions and its lack of
differentiation among various uses of computers are critical methodological
flaws. Just as serious is Fool’s gold’s selective reporting, and especially its
reckless disregard, of the extant research.

In light of both the report’s methodological errors and the existence of a
substantive research corpus, the issues raised by Fool’s gold look quite
different indeed, reflecting badly on the authors and those who signed the



report. We illustrate our arguments by focusing on key issues regarding
computer use in early childhood education, including social and emotional
development, cognitive development and learning, and the broad issues of
the use of computers and children’s development.3

SOCIAL AND EMOTIONAL DEVELOPMENT

Fool’s gold is unabashedly critical of every aspect of technology. One of
the main concerns is the ill effect on social and emotional development.
“Children need stronger personal bonds with caring adults. Yet powerful
technologies are distracting children and adults from each other” (p. 3). No
evidence that such distraction is present or substantial is provided. Instead,
confusing children’s use of computers in classrooms with Dilbert-like adult
use of computers in cubicles, the report conjures a vision of technologically-
driven social isolation.

Research on the educational use of computers paints a different picture.
Contrary to critics’ fears, for example, educational computer programs do not
isolate children. Just the opposite—computers can serve as catalysts for
positive social interaction. As one example, children at the computer spent
nine times as much time talking to peers while on the computer than while
doing puzzles (Muller & Perlmutter, 1985). Other research shows that the
nature of their interaction tends to be positive.

Children Working at the Computer

Children overwhelmingly display positive emotions when using computers
(Ishigaki et al., 1996; Shade, 1994). They show higher positive affect and
interest when they use the computer together (Shade, 1994) and prefer to
work with a peer rather than alone4 (Lipinski, Nida, Shade, & Watson, 1986;
Rosengren, Gross, Abrams, & Perlmutter, 1985; Swigger & Swigger, 1984).
Further, working on the computer can instigate new instances and forms of
collaborative work such as helping or instructing, and discussing and
building upon each others’ ideas (Clements, 1994). In one study, computers
added a new dimension of participation, dyadic peer interaction, in which
children developed a different sense of social relations, assisting each other



and cooperating to solve problems and complete tasks. These interactions
enhanced their learning and understanding; in explaining topics to peers,
children restructured their own understanding (Mehan, 1989).

The addition of a computer center does not disrupt ongoing play, but rather
facilitates extensive positive social interaction, cooperation, and helping
behaviors (Binder & Ledger, 1985; King & Alloway, 1992; Rhee & Chavna-
gri, 1991; Rosengren et al., 1985). Even in the preschool classroom, a
computer center fosters a positive climate characterized by praise and
encouragement of peers (Klinzing & Hall, 1985). Computer activity was more
effective in stimulating vocalization than toys in a regular preschool
environment and also evoked higher levels of social play (McCormick, 1987).

Four- and five-year-olds from an urban, economically disadvantaged
population asked others to join in, sought help from each other, and sought
approval or acknowledgement from the teacher as they worked with comput-
ers (Bowman, 1985). One teacher-researcher stated that her independent,
egocentric children learned cooperation and problem-solving with their
peers at the computer. Their cooperative play at the computer paralleled the
proportion of cooperative play in the block center (Anderson, 2000). Further,
cooperation in a computer center sometimes provides a context for initiating
and sustaining interaction that can be transferred to play in other areas as
well, especially for boys.

Other studies have similar findings. New friendships have been fostered in
the computer’s presence. There is greater and more spontaneous peer
teaching and helping (Clements & Nastasi, 1992; King & Alloway, 1992).
Also encouraging is the finding that preschooler’s participation in computer
activities facilitates social interaction between children with disabilities and
their normally developing peers (Spiegel-McGill, Zippiroli, & Mistrett, 1989).
A large-scale, multi-year study showed conclusively from every data
source—interviews, observational data, and scores on a developmental
measure—that every one of the study’s 44 3- to 5-year old, special-needs
children gained substantially and significantly in social-emotional develop-
ment from their work with computers. The quantitative measure of develop-
ment showed that, upon joining the program, children were making an
average gain of less than half a month per month in social-emotional
development. While participating in the program, children were making an
average rate of progress of 1.93 months per month (Hutinger & Johanson,
2000).



The nature of children’s interactions appears to follow a developmental
trend, which has implications for the social use of computers with children of
different ages. Initially, their social exchange consists of an egocentric focus
on turn taking. Gradually, they become more peer-oriented, offering to help
and to teach and finally, they are able to work collaboratively even without
adult intervention (Bergin, Ford, & Meyer-Gaub, 1986; Clements, 1993;
Clements & Nastasi, 1992; Emihovich & Miller, 1988; Shade, Nida, Lipinski,
& Watson, 1986). Interestingly, this trend emerges both across age levels
(i.e., comparing 4- to 6-year-olds in a cross-sectional design) and with
greater experience in computer environments (i.e., longitudinally). Thus, it is
not surprising that preschoolers may find it difficult to take the perspective
of their partner and they may also have trouble balancing the cognitive
demands of problem-solving tasks simultaneously with managing the social
relations (Perlmutter, Behrend, Kuo, & Muller, 1986). Such developmental
limitations do not necessarily have to preclude some types of cooperative
work for the very young. Children as young as 4 years of age can provide
help through verbal instruction and demonstration. They often emulate their
teacher’s behavior when teaching their peers; therefore, teachers should
take extra care to think about their instructional strategies. As an interesting
note, preschool children were effective tutors of anxious adults, so much so
that their strategies were effective even when used by other adults (Doran &
Kalinowski, 1991)! However, developmental limitations may suggest that
most children must be 5 years or more to benefit from or solve difficult
problems collaboratively.

Thus, children are not harmed by appropriate computer use. Moreover, with
suitable tasks and settings (e.g., use of the computer as a learning center,
and awareness of the types of cooperation children benefit from at various
ages), all young children can benefit socially and emotionally.

Different Types of Software

As we stated, it is essential not to treat all computer software similarly (i.e.,
to avoid technocentrism).4 For example, open-ended programs such as Logo
foster collaboration characterized by patterns of goal-setting, planning,
negotiation, and resolution of conflicts. Logo has been shown to increase
preschoolers’ self-efficacy and internal locus of control (Bernhard & Siegel,
1994). Interactive literacy programs may increase young students’ use of



computers, enhance computer skills, computer self-efficacy, and enjoyment
of computers (Ross, Hogaboam-Gray, & Hannay, 2001). Drill and practice
software, on the other hand, can encourage turn-taking but also engender a
competitive spirit (Clements & Nastasi, 1992).

Concerns such as those about violence in computer games should be
considered and addressed; however, lumping arcade games and education-
ally rich activities together, as does Fool’s gold, is unconscionable (Ishigaki
et al., 1996)5. This is a major and recurring error in the report: Drill and
practice software, creativity tools, violent computer games, even commercial
television, are often lumped together in one category. What person so
categorizes textbooks, pulp fiction or bad children’s series, religious works,
racist propaganda, and great novels (much less money)—just because they
are printed on paper? Similar to different uses of paper, different uses of
computers must be considered separately (this is why, when we write
implications for teachers, we are just as often critical of some computer uses
as we are cautiously optimistic about others). The type of software they are
using affects children’s interactions at the computer. Let us consider just a
few more examples. Violence in videogames, as violence in any medium, can
engender the same qualities in young (Clements & Nastasi, 1992; Subrah-
manyam, Kraut, Greenfield, & Gross, 2000), although even in this domain
there are some exceptions (that such games may sometimes, consistent with
psychoanalytic theory, discharge aggressive impulses, Graybill, Kirsch, &
Esselman, 1985). However, the same game presented through a computer
simulation has engendered less anti-social behaviors (Clements & Nastasi,
1992). In contrast, games specifically designed to involve cooperative
interaction and symbolic play can stimulate significant improvement in social
behavior (Garaigordobil & Echebarria, 1995). Similarly, other computer
environments may facilitate the development of prosocial behaviors. A
computer simulation of a Smurf playhouse attenuated the themes of territori-
ality and aggression that emerged with a real playhouse version of the Smurf
environment (Forman, 1985, 1986). This may be due to features of the
computer; in the computer environment, the Smurf characters could literally
share the same space and could even jump “through” one another. The
“forced” shared space of the computer program also caused children to talk
to each other more. Finally, a mixture of software has been used successfully
as a play therapy tool for preschoolers (Kokish, 1994).

In summary, the early childhood computer activity center functions positive-
ly as a social center (Fatouros, 1995); choosing the right type of software to
meet the right goal is an important task for adults, because effects do differ



depending on the type of software used. Universally condemning “comput-
ers” for their effect on children’s social and emotional environment, howev-
er, is inaccurate and potentially harmful. First, it denies the many positive
uses that research has identified, such as that briefly described here.
Second, it offers avoidance of all technology as the only viable option
instead of indicating that the type and content of technology is critical.6 We
end this section with one more research finding that supports this position.

Motivation

 “Computers are invariably said to be highly motivating to students. But
those who make this assertion rarely provide specific evidence for their
claim. They rarely attempt to quantify the presumed increase in motiva-
tion…” (p. 30). Anything more than a surface review of this literature would
constitute an article in itself; we can assuredly document that specific
evidence for the potential of computers to motivate academic work abounds
(Bergin, Ford, & Hess, 1993; Blanton, Moorman, Hayes, & Warner, 2000;
Bradley, 1982; Chang & Osguthorpe, 1990; Cognition and Technology
Group at Vanderbilt, 1998; Elliott, 1993; Fisher, 1990/91; Gore, Morrison,
Maas, & Anderson, 1989; Howland, Laffey, & Espinosa, 1997; Kelly &
O’Kelly, 1994; Kurth, 1987; Malone, 1980; Matthew, 1997; Nastasi &
Clements, 1993, 1994; Nastasi, Clements, & Battista, 1990; Neufeld, 1989;
Okolo, 1991; Terrell & Rendulic, 1996; Try, 1989; Villarruel, 1990; Watson,
Cox, & Johnson, 1993). Furthermore, although many researchers would not
believe that all results could and should be quantified; controlled, quantita-
tive evidence exists in this literature.

The Synergy of Social and Cognitive Interactions

Computers appear to facilitate both social and cognitive interactions.
Researchers have observed that 95% of children’s talking during Logo is
related to their work (Genishi, McCollum, & Strand, 1985). Further, comput-
ers produce a more advanced cognitive type of play than other centers
(Hoover & Austin, 1986). In one study, the computer was the only activity
that resulted in high levels of both language development and cooperative
play (Muhlstein & Croft, 1986). Finally, working with Logo has been found



simultaneously to increase both prosocial and higher–order thinking
behaviors (Clements, 1986; Clements & Nastasi, 1985). Thus, computers may
represent an environment in which both cognitive and social interactions
simultaneously are encouraged, each to the benefit of the other. As we shall
see, research on the cognitive influences of computer use support this claim.

COGNITIVE DEVELOPMENT AND LEARNING

Recall that Fool’s gold was quite specific in stating that “30 years of
research on educational technology has produced just one clear link
between computers and children’s learning.” “Other than that,” according to
the Cuban quote, “there is no clear, commanding body of evidence that
students’ sustained use of multimedia machines, the Internet, word process-
ing, spreadsheets, and other popular applications has any impact on
academic achievement” (p. 3). Given the precious few “clear, commanding
bod[ies] of evidence” on most educational issues, such a statement merely
sets up a straw man that can be easily refuted. For example, we can probably
all agree that materials in every medium can be poorly made and tragically
misused. Paper, too, is wasted on inappropriate drill and practice with weak
content. It is probably not an overstatement to say that if we put a moratori-
um on all elements of education that have been misused, children would
arrive at school to find an empty lot and empty classrooms. We need to look
beyond simple platitudes of misuse and investigate what potential each
medium affords. In this section, we examine several claims Fool’s gold
makes regarding computers and cognitive development and learning, and we
compare these claims to the relevant empirical research. Here, again, we find
evidence that thoughtful use of technology can aid learning. Further, there
is some evidence that the longer children engage in such use, the more likely
there is a substantial benefit.

Creativity

The first of the cognitive areas we address is creativity. Fool’s gold implies
that all uses of the computer stifle imagination.



Creativity and imagination are prerequisites for innovative
thinking, which will never be obsolete in the workplace. Yet a
heavy diet of ready-made computer images and programmed toys
appears to stunt imaginative thinking. Teachers report that
children in our electronic society are becoming alarmingly
deficient in generating their own images and ideas (p. 4).

An unsubstantiated statement that “teachers report” can be easily coun-
tered by opposing ones (either of similar reports from eras prior to classroom
computers or present-day reports of creativity and inventiveness in techno-
logical environments). Further, we would agree that “a heavy diet of ready-
made computer images and programmed toys” sounds unhealthy. But such
opinions are less than satisfying. Instead, let us examine what empirical
research says.

To do so, we have to again differentiate between different uses of comput-
ers. The use the term “programmed” recalls Elkind’s rejection of computers
because, “to be used by young children, computers have to be converted
into teaching machines presenting programmed learning” (Elkind, 1987, p. 8).
Elkind made the same errors that Fool’s gold makes throughout the docu-
ment, claiming that all computer applications are (or “have to be”) similar in
their nature and that the effects of this monolithic entity were pernicious.7

As we document throughout the present article, most of the promising uses
of computers have little to do with programmed learning or programmed toys
(although “programmable toys” may be interesting—as long as children are
involved with the programming). The philosophy and research that produc-
es highly-controlled Instructional Learning Systems is quite distinct from the
variety of perspectives that have produced other types of software designed
to promote creativity.

Ignoring such distinctions, Fool’s gold makes the general claim that
computers damage creativity. They do cite empirical research on this issue.

Unfortunately, like many other questions about the negative
impact of computers in childhood, almost no research has been
conducted on the potential for computers to stifle children’s
creativity and imagination. The results of the only well-known
study on creativity, however, are not reassuring. It found that
preschool children scored significantly lower on measures of
creativity after using a popular software package designed to
teach reading (p. 34).



This refers to a single study (Haugland, 1992), ostensibly with a negative
result. However, they quote just half of the study; the same half that Healy
(also cited in the report) is fond of quoting. This is, children exposed to what
the author of the study, Sue Haugland, termed “non-developmental soft-
ware” had significant losses in creativity. Little is made of the fact that these
children did make gains in some areas. They were the only group in the
study with significant gains in attention (concentration and short-term
memory). An even more significant part that both Healy and Fool’s gold
leave out is that the 4- to 5-year-old children who worked with developmen-
tally appropriate software had no loses in creativity and made significant
gains in intelligence, non-verbal skills, structured knowledge, long-term
memory, and complex manual dexterity. When reinforced with supplemental
activities, children had gains in these areas as well as gains in verbal skills,
problem solving, abstraction, and conceptual skills.

That’s a lot to leave out! Furthermore, Fool’s gold says that Haugland’s is
the only “well-known” study. This ignores numerous studies, including our
own in the Journal of Educational Psychology, American Educational
Research Journal, and Educational Psychology Review (Clements, 1986,
1991, 1995a, 1995b; Clements & Gullo, 1984). These articles present or review
research that concurs that software such as drill and practice has little
positive effect on creativity, but other types of software, including Logo,
word processing, graphics, and “knowledge creation” and communication
software can have a significant positive impact on a wide variety of mea-
sures of creativity. And please do not just take our word for it. First, there
are several similar studies, each showing gains in at least some facets of
creativity (Alchin, 1993; Horton & Ryba, 1986; Reimer, 1985; Vaidya &
McKeeby, 1984). Finally, a frequent critical reviewer of computers in
education concluded that at least some components of creativity are
amenable to development within computer environments (Roblyer, Castine,
& King, 1988).

Let us examine a few studies in more detail. Computer drawing experience
appears to allow at least some children to create more elaborate pictures than
those that they can create by hand. This creation, in turn, suggests to the
children that they modify their ideas. Finally, they transfer components of these
new ideas to art work on paper (Vaidya & McKeeby, 1984). Such computer
drawing is appropriate for children as young as 3 years, who show signs of
developmental progression in the areas of drawing and geometry during such
computer use (Alexander, 1984; Clements & Nastasi, 1992; Tan, 1985).



In a similar vein, one early study documented an increase in figural creativity
following Logo experience (Clements & Gullo, 1984). Later studies showed
similar effects, although gains in some were moderate (Clements & Nastasi,
1992; Reimer, 1985; Roblyer et al., 1988; Wiburg, 1987) and occasionally
nonsignificant (Mitterer & Rose-Drasnor, 1986; Plourde, 1987). Another
study reported significant gains in creativity, noting that Logo students
more fully developed their graphic compositions in completeness, originali-
ty, and drawing style (Horton & Ryba, 1986). At least one critical component
of creativity, originality, has been consistently and positively affected in
every study (Clements, 1986, 1991, 1995b; Clements & Gullo, 1984; Hlawati,
1985; Horton & Ryba, 1986; Plourde, 1987; Reimer, 1985; Wiburg, 1987).
These results provide further evidence that Logo work enhances higher-
order creative processes.

One might argue that computers could also run mind-numbing drill or video
games. Of course. Logo can be used in most uncreative ways, by both
teachers and students. Again, it is the cultural context and individual
appropriation that engenders creativity or lack of it, given the tools avail-
able. If a poem or book report is boring, we do not blame the paper and pen.
There are many ways to conceptualize and measure creativity, including
creative thinking and learning in a variety of subject matter domains.
Whether using computers to read or write, to acquire knowledge and insight
into science, mathematics, and other areas through design (Campione,
Brown, & Jay, 1992), to build a shared knowledge data base (Scardamalia &
Bereiter, 1992), or to express oneself to learn content in a new medium (the
focus of several succeeding sections), computers can support the expres-
sion and development of creativity.

Ironically, in the subsequent section of Fool’s gold, the authors wax
emotional about “reverence for the beauty and goodness of life [that
can]…inspire older students to feel a devotion to truth” (p. 35). Their
statements regarding computers and creativity veer far from such lofty
goals. We now turn to two well-researched subject matter areas, literacy and
mathematics.

Language and Literacy

Not surprisingly, computer-facilitated increases in social interaction help
generate increased use of language. Preschoolers’ language activity,



measured as words spoken per minute, is almost twice as high at the
computer as at any of the other activities, including playdough, blocks, art,
or games (Muhlstein & Croft, 1986). In general, the classroom computer is a
valuable resource in facilitating language use, particularly interactional
language functions (Kent & Rakestraw, 1994).

Computer graphics is an especially generative environment (Escobedo, 1992;
Hutinger et al., 1998). For example, children in a nursery setting tell longer
and more structured stories following a computer graphics presentation than
following a static presentation or no stimulus (Riding & Tite, 1985). Working
within a language experience context, 3- and 4-year-old children verbalized
(i.e., dictated) significantly more about their Logo computer pictures than
about their hand-drawn works (Warash, 1984). Research with Logo also
indicates that it engenders interaction and language rich with emotion,
humor, and imagination: (Genishi et al., 1985). Children were clearly and
directly responsive to other children’s requests for information. Experience
with Logo embedded in a narrative context similarly enhances language-
impaired preschool children’s perceptual-language skills (Lehrer & deBer-
nard, 1987) and increases first graders’ scores on assessments of visual-
motor development, vocabulary, and listening comprehension (Robinson,
Gilley, & Uhlig, 1988; Robinson & Uhlig, 1988).

Reports such as these help allay the fear that computers will de–emphasize
play, fantasy, and the corresponding rich use of language. When children
are in control, they create fantasy in computer programs beyond the
producers’ imaginations (Escobedo, 1992; Wright & Samaras, 1986).

Computers can also help special populations (Cognition and Technology
Group at Vanderbilt, 1998; Howard, Greyrose, Kehr, Espinosa, & Beckwith,
1996; Hutinger et al., 1998; Hutinger & Johanson, 2000; Lehrer & deBernard,
1987; McCormick, 1987; Schery & O’Connor, 1997; Walker, Elliott, & Lacey,
1994). We will not review this literature in depth, as it is one area in which
Fool’s gold supports computer use.

Many expert teachers believe that certain software programs can not only
assist in language development, but can become languages for children. For
example, in the famous early childhood classrooms in Reggio Emilia, as well
as in the classroom of 5-year-olds taught by an expert teacher-researcher,
children have learned to use artistic software as another of the “100 languag-
es of children” (Oken-Wright, 1999). I asked Oken-Wright to expand on why



she believed computers offered a particularly helpful technology for her
students. She responded she was not sure, but reflected on the issue using
an experience with her own daughter. At five years of age, she did a
marvelous series of Kidpix drawings when she was in my classroom every
morning before school. She was having a tough time in Kindergarten with
pencil and paper (they wanted lower case letters on lines, and she wasn’t
ready; and she wanted her drawings to reflect the image in her mind, and
they couldn’t help her). Kidpix became a real language for her. She drew in
response to projects she saw going on in my classroom. She drew her
memories. She drew communications for friends and families. She drew
stories and dreams. This year she is happier in school and doing better. She
has not drawn a single Kidpix piece all year! This is not to say Kidpix is
only good for crises...but if it feeds a child’s intellect and soul as it did my
daughter’s, I think it must have some powerful affordances (Oken-Wright,
personal communication, 2001).

These same advantages allow computer-assisted instruction (CAI) drills and
tutorials to help students develop prereading and reading skills. For example,
computers can be successful in increasing a variety of verbal and language
skills, especially when they provide scaffolding, or assistance, to the learner,
which is gradually withdrawn (Shute & Miksad, 1997). This is especially true
for language-delayed preschoolers.

Unique capabilities of CAI include those previously mentioned, as well as
visual displays, animated graphics and speech, the ability to provide
feedback and keep a variety of records, and individualization (Clements,
1994). When these capabilities are used, drill-and-practice software increases
preschool and primary grade children’s prereading or reading skills. For
example, computer graphic representations of words enhance word recogni-
tion and recall in beginning reading (Shapira, 1995). As another example, a
large effect (more than 1 standard deviation) of a research-based computer
program has been shown on kindergartners’ phonological awareness
(Foster, Erickson, Foster, Brinkman, & Torgesen, 1994).

The amount of practice is important. A small number of sessions with simple
readiness software may have little or no effect; for example, three 20-minute
sessions with simple readiness software failed to show an effect on pre-
schoolers’ prereading concepts (Goodwin, Goodwin, Nansel, & Helm, 1986).
In contrast, placing computers in kindergartners’ classrooms for several
months significantly increases reading readiness skills; placing them in the



home as well yields greater gains (Hess & McGarvey, 1987). About 10
minutes work with CAI per day can significantly benefit primary grade
childrens’ reading skill development (Childers, 1989; Lavin & Sanders, 1983;
Murphy & Appel, 1984; Ragosta, Holland, & Jamison, 1981; Silfen & Howes,
1984; Stone, 1996; Teague, Wilson, & Teague, 1984). Similarly, preschoolers
can develop such reading readiness abilities as visual discrimination and
letter naming (Lin, Vallone, & Lepper, 1985; Smithy-Willis, Riley, & Smith,
1982; Swigger & Campbell, 1981). Other approaches, including computer-
based interactive storybooks, appear quite promising (Hutinger et al., 1998;
Hutinger & Johanson, 2000; Lewin, 1997; McKenna, 1998; Talley, Lancy, &
Lee, 1997). For example, such storybooks can significantly close the gap
between children who are “well-read-to” at home and those who are not
(Talley et al., 1997). As a large component of a computer-based literacy
program for preschoolers, such software significantly and positively
affected a wide range of emergent literacy skills and knowledge, including
specific print concepts, oral communication, retelling stories, recognizing
letters, “reading” books, predicting and sequencing, making judgments, and
listening (Hutinger et al., 1998).

Writing in light: Word processing. Another approach to early literacy is
having children write and publish on the computer, one of the applications
teachers of young children use most often (not including the most prevalent
use, CAI drill, Becker, 1994; Cosden, 1988; Kromhout & Butzin, 1993). Recall
that Fool’s gold claims there is no evidence of the effectiveness of this
approach. Once again, empirical evidence indicates that the capabilities of
computer-based writing can encourage a fluid idea of the written word and
free young children from mechanical concerns (Bangert-Drowns, 1993; Jones
& Pellegrini, 1996). Kindergartners write and edit more like older students
(Yost, 1998). In general, children using word processors write more, have
fewer fine motor control problems, worry less about making mistakes, and
make fewer mechanical errors (Clements, 1987a; Daiute, 1988; Hawisher,
1989; Kurth, 1988; Phenix & Hannan, 1984; Roblyer et al., 1988).

Such benefits result in increased abilities in composition. Young children
can learn to competently revise their text when shown how to use the
computer to edit their words. They improve their style using more descrip-
tive phrases and also create better plots with climaxes and character
descriptions (Wright, 1994). Additionally their attitude towards writing
improves  (Chang & Osguthorpe, 1990; Green, 1991; Holmes & Godlewski,
1995). Findings regarding holistic ratings of quality are mixed (Shaw,



Nauman, & Burson, 1994), but generally positive (Bangert-Drowns, 1989;
Clements & Nastasi, 1992; Owston & Wideman, 1997). Quality increases if
children are encouraged to use the word processor to edit their text in
substantive ways (Wild & Ing, 1994).

Word processors also affect the social context of writing. When writing with
a computer, compared to writing with paper, young children cooperatively
plan, revise, and discuss spelling, punctuation, spacing, and text meaning
and style (Dickinson, 1986, pp. 372-374). For example, Bernardo and Dan
discussed the meaning of their text:

Bernardo: That doesn’t make sense: “The Pilgrims were scared of the
Indians. The found the food.”

Dan: Oh yeah, I forgot!

Bernardo: “The found?” The Indians found.

Dan: Oh yeah.

Bernardo: You forgot the Indians. Now are you gonna try and go back and
fit “Indians” in there? (pp. 372-374).

Even first graders are more “metacognitive” in their writing at the computer
than with paper-and-pencil, talking more to each other about writing when
they write with word processors than with paper and pencil (Jones &
Pellegrini, 1996). Computer-based writing encourages peer collaboration, as
well as self- and other-monitoring behaviors (Hine, Goldman, & Cosden,
1990). Learning disabled children working with a partner had fewer errors
than those working alone. The partners monitored and helped each other.
The shared availability of the text on the screen enabled participation by
both partners in creating and editing text.

While the instructional approach may need to be modified, even young
preschoolers may benefit from computer environments. For example, three-
year-olds used the computer in a self-selected language experience activity
for two years. Children showed steady improvement in spelling and story
writing, including invented spellings (Moxley, Warash, Coffman, Brinton, &
Concannon, 1997). When they were 4 years of age, they performed better
than another group of children who engaged in similar activities but had not



received such experiences as 3-year-olds. Kindergartners increased writing
and reading competencies working with a picture-word processor system
that allowed them to write messages by simply pressing squares of picture-
words on an electronic tablet without having to spell words or use extensive
eye-hand coordination (Chang & Osguthorpe, 1990). Such findings are
supported by the conclusions of another study: Children ages 4 through 7
can use word processors in a creative writing program to promote their
developing writing abilities in many ways and in different ways at different
stages of their development (Schrader, 1990)

Software that includes speech can be especially beneficial. Indeed, one of
the longest-term studies of this type of technology involved the “talking
typewriter,” an early multimedia environment first implemented in the 1960s
(Steg, Lazar, & Boyce, 1994). Children using the talking typewriter exceeded
controls on many short-term measures, with competencies that often
doubled those of control children (Israel, 1968). Similarly, using talking word
processors, preschool to first-grade children were more able to express
ideas, write simple sentences, and take risks in experimenting with their
writing (Rosegrant, 1988). Voice-aided word processing acted as a scaffold
for young children’s writing by promoting the acquisition of several
components of preschool literacy, developing an “inner voice” for con-
structing and editing text subvocally (Lehrer, Levin, DeHart, & Comeaux,
1987). This positively affects their writing. The more children in kindergarten
and first grade used such spoken feedback, the higher their compositions
were rated in length, grammatical cohesion, and lexical density (Jones, 1998;
Jones & Pellegrini, 1996). However, teachers need to use computer speech
wisely and assess children’s readiness for voice-aided instruction. If they
are in the earliest stages of invented spelling, computerized speech may not
be helpful (Shilling, 1997). Another caution is that some young writers have
the computer read their compositions a lot—so much so, that in one study,
children using talking word processors wrote shorter compositions than
those using word processors without speech, although both wrote more
than paper-and-pencil groups (Kurth & Kurth, 1987). Later in the year, better
readers listened to the computer less. Poor readers continued to use the
synthesizer to read their stories. Thus, speech synthesis may be most
important for beginning writers or less able readers (Kurth, 1988).

Word processing can have disadvantages. For example, first graders may
benefit more from spelling practice involving handwriting than typing
(Cunningham & Stanovich, 1990). However, none of the problems is long-
lasting or insurmountable (Neufeld, 1989). Perhaps most important, effective



teaching and writing strategies have to be employed along with the technol-
ogy (Becker, 1990). Realizing benefits also requires sufficient computer
access and time (Reed, 1996). One group of researchers stated that if they
had stopped their evaluation after a couple of months, they would have
mistakenly concluded there were no effects. Only after one full year did the
rich benefits emerge (Cochran-Smith, Kahn, & Paris, 1988).

As with all other computer and non-computer technologies or teaching
strategies, computer writing can be misused in other ways. It can be the
focus of instruction, a point made in Fool’s gold but also in our previous
reviews (Clements, Nastasi, & Swaminathan, 1993). We repeat, however, that
banal instruction is conducted frequently with all media. The fact that some
focus too much on the technology implies that we need to raise conscious-
ness, not attempt to avoid the technology.

When used well, computer-based writing can be successfully integrated into
a process-oriented writing program as early as first grade, and even younger
students can use computers to explore written language. Computers can
facilitate the development of a new view of writing and a new social organi-
zation (cooperative learning) that supports young children’s writing.
Combined with telecommunications, technology also can connect class-
rooms from across the world together in cooperative writing groups
(Gustafsson, Mellgren, Klerfelt, & Samuelsson, 1999; Riel, 1994).8 Software
and teaching strategies that support the composing process, especially
guiding prewriting, might be most beneficial for young writers. Children plan,
write, discuss, and revise more frequently in such environments. They use
the computer as a language arts learning tool. Finally, there are collateral
benefits; the integration of an interactive literacy program not only increases
young students’ use of computers, bur also enhances their computer skills,
computer self-efficacy, and enjoyment of computers (Ross et al., 2001).

Fool’s gold’s false dichotomy. Such a body of evidence stands in stark
contraposition to the claims of Fool’s gold. The report also argues, howev-
er, that academics for young children are inappropriate even if “successful.”
“In kindergarten, therefore, an emphasis on play and social skills—not
premature pressure to master reading and arithmetic—seems most likely to
prepare children for later academic success” (p. 9). Are these the only two
approaches? Play or pressure for mastery? No. The latter is a loaded phrase.
Who “masters” arithmetic in kindergarten? Who has not observed chil-
dren’s enthusiastic counting during the early years?



The growth of literacy in both the language arts and mathematics follows a
developmental continuum. The inclusion of appropriate experiences in both
spheres for children from preschool on is supported by the relevant leading
organizations, the National Association for the Education of Young Children
(the creators and main defenders of “developmentally appropriate” experi-
ences for young children), the International Reading Association, and the
National Council of Teachers of Mathematics (1998; National Council of
Teachers of Mathematics, 2000) as well as by substantive research showing
that early experiences (including early intervention for those who need
additional support) are critical (Clements, Sarama, & DiBiase, in press). In the
domain of reading, for example, the recent report from the National Research
Council (Snow, Burns, & Griffin, 1998) reported that the majority of reading
problems faced by adults could have been avoided or resolved in the early
years of childhood. Thus, literacy forms a developmental continuum, and
ignoring that continuum is no more developmentally appropriate than
teaching the subjects by rote. And children who use the computer as a
language arts learning tool improve their language, writing, and reading
competencies (Green, 1991; Lehrer & deBernard, 1987).

Mathematics and Reasoning

Even accepting a developmental continuum for literacy, Fool’s gold’s attack
on early “abstract” or “symbolic” learning experiences might seem to have
some prima facie validity for mathematics. As with literacy, however, both
research and the wisdom of expert practice indicate that young children can
and should engage in mathematics and that computers can play a facilitative
role (Clements et al., in press).

As with literacy skills, children can use CAI to practice arithmetic processes
and to foster deeper conceptual thinking, including a valuable type of
“cognitive play” (Steffe & Wiegel, 1994). Drill and practice software can help
young children develop competence in such skills as counting and sorting
(Clements & Nastasi, 1993). Indeed, some reviewers claim that the largest
gains in the use of CAI have been in mathematics for preschool (Fletcher-
Flinn & Gravatt, 1995) or primary grade children, especially in compensatory
education (Lavin & Sanders, 1983; Niemiec & Walberg, 1984; Ragosta et al.,
1981). Again, 10 minutes per day proved sufficient for significant gains; 20
minutes was even better. This CAI approach may be as, if not more, cost



effective as traditional instruction (Fletcher, Hawley, & Piele, 1990) and as
other instructional interventions, such as peer tutoring and reducing class
size (Niemiec & Walberg, 1987). Properly chosen, computer games may also
be effective. Kraus (1981) reported that second graders with an average of
one hour of interaction with a computer game over a two week period
responded correctly to twice as many items on an addition facts speed test
as did students in a control group.

Preschoolers and math. How young can children be and still obtain such
benefits? Three-year-olds learned sorting from a computer task as easily as
from a concrete doll task (Brinkley & Watson, 1987-88a). Reports of gains in
such skills as counting have also been reported for kindergartners (Hungate,
1982). However, our position is that use of drill, especially with young
children, should be used carefully and in moderation. There are possibilities
that children will be less motivated to perform academic work following drill
(Clements & Nastasi, 1985) and that their creativity may be harmed by a
consistent diet of drill (Haugland, 1992). Also, exclusive use of such drill
software would do little to achieve the vision of the National Council of
Teachers of Mathematics (2000) that children should be mathematically
literate in a world where mathematics is rapidly growing and is extensively
being applied in diverse fields. What other approaches help achieve that
vision?

Computer manipulatives. In one approach, children explore shapes using
general-purpose graphics programs or “computer manipulatives.” Research-
ers observing such use observe that children learn to understand and apply
concepts such as symmetry, patterns and spatial order (Wright, 1994).
Computer manipulative programs allow children to perform specific mathe-
matical transformations on objects on the screen. For example, whereas
physical base-ten blocks must be “traded” (e.g., in subtracting, students
may need to trade 1 ten for 10 ones), students can break a computer base-ten
block into 10 ones. Such actions are more in line with the mental actions that
we want students to learn. The computer also links the blocks to the
symbols. For example, the number represented by the base-ten blocks is
dynamically linked to the students’ actions on the blocks, so that when the
student changes the blocks the number displayed is automatically changed
as well. This can help students make sense of their activity and the numbers.

So, computer manipulatives can provide unique advantages (Clements &
Sarama, 1998; Sarama, Clements, & Vukelic, 1996). They can allow children to



save and retrieve work, and thus work on projects over a long period
(Ishigaki et al., 1996). Computers can offer a flexible and manageable
manipulative, one that, for example, might “snap” into position. They can
provide an extensible manipulative, which you can resize or cut. They can
help connect concrete and symbolic representations through multiple, linked
representations and feedback, such as showing base-ten blocks dynamically
linked to numerals. Computers can record and replay students’ actions,
encouraging students’ reflection. Finally, computers can help bring mathe-
matics to explicit awareness, for example, by asking children to consciously
choose what mathematical operations (turn, flip, scale) to apply.

A couple of additional illustrations of these advantages might be useful
(Sarama et al., 1996). When a group of kindergartners were working on a
pattern with physical manipulatives, they wanted to move it slightly on the
rug. Two girls (four hands) tried to keep the design together, but they were
unsuccessful. Marisssa told Leah to fix the design. Leah tried, but in re-
creating the design, she inserted two extra shapes and the pattern wasn’t the
same. The girls experienced considerable frustration at their inability to get
their “old” design back. Had the children been able to save their design, or
had they been able to move their design and keep the pieces together, their
group project would have continued. Indeed, moving a design to another
area of the screen was the most common reason for using the “glue” tool
with these kindergartners.

Piaget, movement, and turtle geometry. Fool’s gold states that Piaget and
others have shown that young children learn intuitively through their
bodies. It claims that “Geometrical relationships and multiplication tables, for
example, can be taught through creative motion or rhythmic games” (p. 54).
The latter of the two, multiplication tables, is difficult to consider seriously.
If the report had stated “multiplication,” it is conceivable that motion games
could play some viable role within the Piagetian framework they espoused.
However, for learning “tables” (multiplication as “facts”), possible strategies
are even less clear (motion games as sugar-coating for drills are not viably
learned through one’s body). As usual, the report has ignored specific
research on the relationships that underlie multiplication and how multiplica-
tion is learned (Steffe, 1994).

There is validity to the claim that geometric relationships can and should be
learned through bodily movement. Ironically, that perspective has been the
foundation of perhaps the most well-researched area of computer use in
education, turtle geometry. Seymour Papert (1980) invented the turtle



because it was “body syntonic.” A large research corpus on Logo and
mathematics learning is based on the position that students construct initial
spatial notions not from passive viewing, but from actions, both perceptual9

and imagined, and from reflections on these actions (Piaget & Inhelder,
1967). These are valuable active experiences for students; however, unless
these experiences are mathematized10 they remain only intuitions. There are
several ways to help students reflect on and represent these experiences;
research indicates that Logo’s turtle geometry is one potent way (Clements
& Sarama, 1997).

Logo environments are in fact action-based. By first having children form
paths and shapes by walking, then using Logo, children can learn to think of
the turtle’s actions as ones that they can perform; that is the turtle’s actions
become “body syntonic.” But why not just draw it without a computer?
There are at least two reasons. First, drawing a geometric figure on paper, for
example, is for most people a proceduralized process. This is especially true
for young children, who have not re-represented the sequential instructions
that they implicitly follow. Then, they cannot alter the drawing procedure in
any substantive manner (Karmiloff-Smith, 1990), much less consciously
reflect on it. In creating a Logo procedure to draw the figure, however,
students must analyze the visual aspects of the figure and their movements
in drawing it, thus requiring them to reflect on how the components are put
together. Writing a sequence of Logo commands, or a procedure, to draw a
figure “…allows, or obliges, the student to externalize intuitive expectations.
When the intuition is translated into a program it becomes more obtrusive
and more accessible to reflection” (Papert, 1980, p. 145). That is, students
must analyze the spatial aspects of the shape and reflect on how they can
build it from components.

And they do. Primary-grade children have shown greater explicit awareness
of the properties of shapes and the meaning of measurements after working
with the turtle (Clements & Nastasi, 1993). They learn about measurement of
length (Campbell, 1987; Clements, Battista, Sarama, Swaminathan, &
McMillen, 1997; Sarama, 1995) and angle (Browning, 1991; Clements &
Battista, 1989; du Boulay, 1986; Frazier, 1987; Kieran, 1986; Kieran & Hillel,
1990; Olive, Lankenau, & Scally, 1986). One microgenetic study confirmed
that students transform physical and mental action into concepts of turn and
angle in combined off- and on-computer experiences (Clements & Burns,
2000). Students synthesized and integrated two schemes, turn as body
movement and turn as number, as originally found by Clements, Battista,



Sarama, & Swaminathan (1996). They used a process of psychological
curtailment in which students gradually replace full rotations of their bodies
with smaller rotations of an arm, hand, or finger, and eventually internalized
these actions as mental imagery.

Logo is not easy to learn. However, as one primary-grade student declared,
“This picture was very hard and it took me 1 hour and 20 minutes to do it,
but it had to be done. I liked doing it” (Carmichael, Burnett, Higginson,
Moore, & Pollard, 1985, p. 90). Moreover, when the environment is gradually
and systematically introduced to the children and when the interface is age-
appropriate, even young children learn to control the turtle and benefit
cognitively (Allen, Watson, & Howard, 1993; Brinkley & Watson, 1987,
1988b; Clements, 1983/1984, p. 402; Cohen & Geva, 1989; Howard, Watson,
& Allen, 1993; Stone, 1996; Watson, Lange, & Brinkley, 1992). Thus, there is
substantial evidence that young children can learn Logo and can transfer
their knowledge to other areas, such as map-reading tasks and interpreting
right and left rotation of objects. They reflect on mathematics and their own
problem-solving. For example, first grader Ryan wanted to turn the turtle to
point into his rectangle. He asked the teacher, “What’s half of 90?” After
she responded, he typed RT 45. “Oh, I went the wrong way.” He said
nothing, keeping his eyes on the screen. “Try LEFT 90,” he said at last. This
inverse operation produced exactly the desired effect (Kull, 1986).

These effects are not limited to small studies. A major evaluation of a Logo-
based geometry curriculum included 1,624 students and their teachers and a
wide assortment of research techniques, pre and post paper-and-pencil
testing, interviews, classroom observations, and case studies (Clements &
Battista, in press). Across grades K-6, Logo students scored significantly
higher than control students on a general geometry achievement test,
making about double the gains of the control groups. These are especially
significant because the test was paper-and-pencil, not allowing access to the
computer environments in which the experimental group had learned and
because the curriculum is a relatively short intervention, lasting only six
weeks. Other assessments confirmed these results, and indicated that Logo
was a particularly felicitous environment for learning mathematics, reason-
ing, and problem solving.

These studies and hundreds of others (Clements & Sarama, 1997) indicate
that Logo, used thoughtfully, can provide an additional evocative context
for young children’s explorations of mathematical ideas. Such “thoughtful
use” includes structuring and guiding Logo work to help children form



strong, valid mathematical ideas (Clements & Battista, in press). Children
often do not appreciate the mathematics in Logo work unless someone helps
them see the work mathematically. Effective teachers raise questions about
“surprises” or conflicts between children’s intuitions and computer feed-
back to promote reflection. They pose challenges and tasks designed to
make the mathematical ideas explicit for children. They help children build
bridges between the Logo experience and their regular mathematics work
(Clements, 1987b; Watson & Brinkley, 1990, 1991). In summary, research
indicates that working with Logo can help students construct elaborate
knowledge networks (rather than mechanical chains of rules and terms) for
geometric topics. It does not always do so, because like any other medium of
expression, it operates within a social and educational context. But empirical
research confirms the potential.

Educational technologies, methodologies, and content. Before we leave
the realm of mathematics, another issue, ignored by Fool’s gold, should be
addressed. The nature of our educational content and methodology has
always been, and remains, influenced by what technology is used (Papert,
1998). Papert asks: Why is the quadratic equation of the parabola included in
the mathematical knowledge every educated citizen is expected to know?
The explanation that it is “good,” or “important,” mathematics is inadequate:
The curriculum includes only a minute sliver of the total body of such
mathematics. The real reason is that it matches the technology of pencil and
paper. Students can draw the curve on grid paper and teachers can verify
that the assignment has been done correctly. An alternative mathematical
education might consist of creating, modifying, or controlling dynamic
computational objects. In this context, Papert argues, the parabola may be
first encountered by children creating a videogame as the trajectory of a
thrown object. The natural first formalism for the parabola in this case would
be an expression, in a computational language, “the path followed when
horizontal speed and vertical acceleration are both constant.” Such a
formalism is arguably more concrete (Clements, 1999), intuitive, and motivat-
ing than quadratic equations. Papert’s (1998) experiments support this
position by showing that the dynamic definition is indeed accessible even to
elementary school children who are given the opportunity to acquire a
degree of computational competence. Whether Papert’s particular example or
vision is right or wrong, it is clear that available technologies have always
influenced the content and methodology of mathematics (Lukens, 1984), and
we believe it follows that content—for mathematics and other subject matter
areas—must thus be consistently reconsidered.



Science and simulations. Fool’s gold makes the point that:

Children thus need to experience the fullness of the world around
them. Computer simulations or “content delivery” are poor
substitutes for hands-on lessons—outdoors, if possible—in
botany, zoology, chemistry, and physics. What young children
learn first in their bodies and later in heartfelt sympathy with
nature does, with time and instruction, later mature into conscious
understanding. Educational shortcuts that attempt to bypass the
physical and emotional stages of learning defy science. (p. 10)

The need for direct experience is easily accepted (and is a critical component
of the complete educational environment in most studies reviewed here). Not
so obvious is that early bodily experiences “mature into conscious under-
standing.” Bypassing physical and emotional stages of learning is unwise,
but so is relying on “maturation” of early experiences. As we have known
since the time of Dewey (1963), any experience can be educative or misedu-
cative. And it is not the experience but the reflection on that experience that
makes it educative. Computers can put children in touch with simulations
that help them elaborate on natural experiences (e.g., comparing a chicken
egg incubating with a computer simulation of a developing chick inside the
egg Sheingold, 1986), reflect on concrete experiences by allowing them
greater control of the situation (e.g., comparing a physical pendulum and a
computer simulation, Clements, 1989), extend physical experiences (e.g.,
simulations of micro-organisms in the human body, Mikropoulos, Kossivaki,
Katsikis, & Savranides, 1994), and provide experiences that allow children to
compare and contrast everyday beliefs about force and motion with formal
physical knowledge (planetary motion change of gravity, McCauley, 1983,
1984; White, 1981). In Vygotskian terms, these catalyze the synthesis of
scientific with spontaneous knowledge. One study compared three groups
of third graders, receiving science instruction that was hands-on, hands-on
with computer-assisted instruction, and limited to the textbook. Both groups
with hands-on activities outscored the textbook group. However, the group
that included both hands-on and computer activities also outscored the group
that only used hands-on activities (Gardner, Simmons, & Simmons, 1992).

We make a final observation regarding simulations and “concrete” manipula-
tives. No longer should all computer applications be considered virtual
worlds. For example, in Lego-Logo, children create Lego structures, includ-
ing lights, sensors, motors, gears, and pulleys, and they control their
structures with the computer. For example, Kevin started, as many other



students do, by building a car out of LEGO (Resnick, 1988). The car moved
forward a bit…and then the motor fell off and vibrated across the table. The
movement interested Kevin. He wondered if he could use the vibrations to
power the vehicle. He mounted a motor on a LEGO base and learned that
with the computer he could control the walker—it turned right when the
motor rotated in one direction, left when it rotated in the other. There are but
a few studies on LEGO-Logo, but they indicate that such experiences can
positively affect mathematics and science achievement and competencies in
higher-order thinking skills (Browning, 1991; Enkenberg, 1994; Flake, 1990;
Weir, 1992). LEGO-Logo appears to provide authentic learning tasks (Lafer
& Markert, 1994), motivate and empower students as well, and possibly
develop self-esteem (Silverman, 1990; Weir, 1992). This may be because
LEGO-Logo provides an academic setting in which students can develop
their own goals (Browning, 1991; Lai, 1993; Weir, 1992). More research is
needed before firm conclusions can be drawn about this particular applica-
tion, but it is a clear illustration that there is no dichotomy between comput-
ers and hands-on learning environments.

Conclusions

To the long list of reported positive effects of computer use with children,
add problem-solving skills (Nastasi et al., 1990), decision-making ability,
understanding of cause and effect, (Goodwin, Goodwin, & Garel, 1986;
Hutinger & Johanson, 2000), and longer attention spans (Fatouros, 1995;
Haugland, 1992; Hutinger & Johanson, 2000). Special needs preschool
children in one study made progress in all developmental areas, including
social-emotional, fine motor, gross motor, communication, cognition, and
self-help. A measure of development showed that upon joining the program,
children were making an average gain of .52 months per month. While
participating in the computer-based program, children were making an
average rate of progress of 1.81 months per month. After participation, 14 of
the 15 children who participated for two years doubled their per month gain;
6 had developmental scores that exceeded their chronological scores for the
first time in their lives (Hutinger & Johanson, 2000). For these children, 100%
of both parents and teachers indicated that they saw improvements across
the same wide variety of areas of development. Results indicated that the
computer made a unique contribution. Across 11 common classroom
activities, including play, books, computer, art, and snack time, results



showed that computer use was most often followed by desirable behaviors
such as sharing, communicating, taking turns, and focusing and least likely
to be followed by aggression (Hutinger & Johanson, 2000).

These results and those described in the previous two sections on social,
emotional, and cognitive development, certainly call into question a main
claim of the Fool’s gold report:

Those who place their faith in technology to solve the problems of
education should look more deeply into the needs of children. The
renewal of education requires personal attention to students from
good teachers and active parents, strongly supported by their
communities. It requires commitment to developmentally appro-
priate education and attention to the full range of children ’s real
low-tech needs—physical, emotional, and social, as well as
cognitive. (p. 4)

Hoping the authors will assent that even those who disagree with them may
indeed have looked “deeply into the needs of children,” we assert, again,
that those who have blind “faith in technology to solve the problems of
education” are few—the Fool’s gold report exaggerates this. We agree that
education needs renewal, but, as we have made clear, the empirical evidence
supports thoughtful use of computers in settings that include “personal
attention to students from good teachers and active parents.” Indeed, it has
been observed that in elementary to secondary classrooms in which
technology is used reflectively, teachers have more time to spend with
individuals and small groups of students (e.g., Lesh & Lesh, 1989; Schofield,
1995). They are more engaged with students’ thinking and learning. Stu-
dents believe they receive more attention and help from their teachers
(Schofield, 1995).

We leave this section with a brief consideration of equity. The “digital
divide separating children in socioeconomically advantaged homes from
children in socioeconomically disadvantaged homes is mammoth” (Becker,
2000, p. 56). For example, about 22% of children living in families with annual
incomes under $20,000 had a home computer in 1998, compared with 91% of
children living in families with incomes over $75,000 (Becker, 2000). Logical-
ly, the Fool’s gold authors would have to take the position that the lower-
income children are far better off in this case. We contend that this would
constitute a sour consolation to less advantaged families, especially
considering that certain uses of computers can facilitate children’s learning
and development11 and that higher-income schools, compared to lower-



income schools, use computers in just these more intellectually powerful
ways (Becker, 2000). Although lower-income schools have approximately the
same ratio of computers to students, teachers in these schools use technolo-
gy more for traditional applications such as drill and practice. Fool’s gold’s
undifferentiated condemnation of computers implies only a public policy of
less financial support for computer presence in schools. We believe such a
policy would increase the pernicious effects of the digital divide, as we
assume that, even with a decrease in such financial support, high-income
children would continue to have access at home and would continue to use
computers in powerful ways at school. We believe that the equitable
strategy is to provide teachers in lower-income schools with time, practice,
and support to develop methods for using challenging software successful-
ly with their students (Becker, 2000).

GENERAL USE OF COMPUTERS AND CHILDREN’S DEVELOPMENT

A theme that runs though Fool’s gold is that “many schools have cut
already minimal offerings in these areas [e.g., the arts] to shift time and
money to expensive, unproven technology” (p. 3). There are two problems
with this statement.

First, let us consider “expensive, unproven technology.” We have already
seen there is ample evidence of positive uses of technology and their
educational benefits. More important, our comfort with textbooks belies the
fact that one could better apply the phrase “expensive, unproven technolo-
gy.” to most textbooks currently in use. We shall return to this point later;
here we point out that most curriculum materials presently in use are not
based on research nor evaluated in any substantive way (Clements, in press)
and if one argued they are “proven” because we’ve used similar approaches
for a while, then what has been proven is that traditional approaches do not
work. People who presume traditional approaches have been “proven
successful” are:

ignoring the largest database we have. The evidence indicates
that the traditional curriculum and instructional methods in the
United States are not serving our students well…the long-running
experiment we have been conducting with traditional methods
shows serious deficiencies. (Hiebert, 1999, p. 13)

Second, what research is there that the unfortunate de-emphasis on the arts
is the result of the introduction of computers? The de-emphasis began



earlier, with curriculum reform movements of the 1970s and the rise of
“basics” and standardized testing (Fowler, 1988). Further, present school
use is small, at most. A survey in Silicon Valley, where computer use might
be expected to be as high as any location in the U.S., found that although
70% of teachers in Kindergarten through third grade had their students work
on computers, the students’ computer time averaged less than 10 minutes
per day (Shields & Behrmann, 2000). Finally, in early childhood, one of the
best uses of computers is to extend artistic experiences.

Fool’s gold also states that computer use is insidious. “The computer—like
the TV—can be a mesmerizing babysitter” (p. 3). This is technocentricism
again: “The computer” is not a single, monolithic entity. Certain video games
do appear to mesmerize some populations. If you are discussing these video
games, say so, and do not generalize to a variety of different computer uses.
If you mean to include the kind of high-quality educational experiences that
have proven effective, then there is evidence this statement is not only
exaggerated, but just plain wrong. While they can be engaging, especially
guided by a caring adult, the empirical evidence suggests that, unfortunately
but unsurprisingly, children at home do not engage in such educational
experiences as frequently as they play games (Becker, 2000). The Fool’s
gold authors say as much in a succeeding paragraph:

And a new study from the American Association of University
Women Educational Foundation casts doubt on the claim that
computers automatically motivate learning. Many girls, it found,
are bored by computers. And many boys seem more interested in
violence and video games than educational software. (p. 4)

We agree this sometimes happens; however, usually, girls are just as
interested and just as or more effective at computer tasks (Yelland, 1998). A
recent review concluded that “With the narrowing of the gender gap in
home computer use, early fears that girls are turned off by computer
technology appear unfounded” (Subrahmanyam et al., 2000, p. 127); “as the
array of nongame applications widens…girls now report using home
computers as often, and with as much confidence, as boys” (p. 130). Overall,
girls are just as interested in computers, but more likely to use them for
education, schoolwork, communication, compared to boys’ engagement in
entertainment (Wartella, O’Keefe et al., 2000). More important, many children
prefer paperbacks and comic books of low literary quality to high-quality
novels, but we do not reject books. The argument is specious. We need
social-cultural and political movements to motivate and fund production of
high-quality content for all media and broad dissemination of research-based



knowledge of negative and positive uses of all media. Media literacy training
for parents and children can result in young children becoming less vulnera-
ble to the negative aspects of all media and able to make wise choices
(American Academy of Pediatrics, 1999).

Unfounded, and unsupported, arguments are woven throughout Fool’s
gold. Another example is: “Computers are perhaps the most acute symptom
of the rush to end childhood.” (All uses of computers? More than the
pervasive sexuality and violence present in other media?—[Wartella,
Scantlin, Kotler, Huston, & Donnerstein, 2000]) Perhaps the oldest is that
they are “developmentally inappropriate” (Barnes & Hill, 1983): “The
national drive to computerize schools, from kindergarten on up, emphasizes
only one of many human capacities, one that naturally develops quite late—
analytic, abstract thinking—and aims to jump start it prematurely” (p. 19).
“Only around puberty does the child’s dominant mode of learning finally
shift to the conscious intellect, as abstract considerations of logic and
cause-and-effect reasoning gradually begin to hold sway in his mind” (p. 7).

Here the authors drag out old concerns already addressed in the literature,
that children must reach the stage of concrete operations before they are
ready to work with computers, or that children will be harmed by “abstract
thinking.” These ideas are based on rigid (and frequently discredited)
interpretations of Piagetian theory. For decades, research has found that
preschoolers are more competent than has been thought and can, under
certain conditions, exhibit thinking traditionally considered “concrete” or
“abstract” (Gelman & Baillargeon, 1983; Gelman & Williams, 1997). Further-
more, research shows that even young preoperational children can use and
benefit from appropriate computer programs (Clements & Nastasi, 1992).

A related concern is that computer use demands symbolic competence; that
is, that computers are not concrete. This ignores, however, that much of the
activity in which young children engage is symbolic. They communicate
with gestures and language, and they employ symbols in their play, song,
and art (Sheingold, 1986). By age of 5, children have “first draft knowledge”
of symbolization in language pictures, three-dimensional objects, dance,
music, pretend play, as well as numerical and logical knowledge (Gardner,
1983). Furthermore, the “symbols” of computers can include graphics, voice,
music, and even connections to Lego blocks! We have seen, in previous
sections, that computers support valuable symbolization and connections
between symbols and meaning in both literacy and mathematics.



Moreover, what is “concrete” to the child may have more to do with what is
meaningful and manipulable than with physical characteristics (Clements &
McMillen, 1996). One study compared a computer graphic felt board
environment, in which children could freely construct “bean stick pictures”
by selecting and arranging beans, sticks, and number symbols, to a real bean
stick environment (Char, 1989). The computer environment actually offered
equal, and sometimes greater control and flexibility to young children. Both
environments were worthwhile, but one did not need to precede the other.
Other studies show that computers enrich experience with regular manipula-
tives. Third-grade students who used both manipulatives and computer
programs, or software, demonstrated a greater sophistication in classifica-
tion and logical thinking, and showed more foresight and deliberation in
classification, than did students who used only manipulatives (Olson, 1988).
These studies support our earlier conclusions about the potential of
computer manipulatives.

In conclusion, computers can support developmentally appropriate educa-
tional experiences (Mikropoulos et al., 1994). We define this term as follows:
“Developmentally appropriate means challenging but attainable for most
children of a given age range, flexible enough to respond to inevitable
individual variation, and, most important, consistent with children’s ways of
thinking and learning” (Clements et al., in press). Therefore, the key question
is not if computers are “concrete,” but whether they provide experiences
that facilitate children’s learning in many spheres in ways consistent with
children’s development. Available research indicates that—used wisely—
they can. And they do so not just by promoting specific learning, but also
by promoting play (Anderson, 2000; Escobedo, 1992; Garaigordobil &
Echebarria, 1995; Hoover & Austin, 1986; Ishigaki et al., 1996; Kokish, 1994;
Muhlstein & Croft, 1986; Picard & Giuli, 1985; Wright & Samaras, 1986).

Fool’s gold also raises concerns about physical development. Putting such
concerns in historical perspective is an initial interesting exercise. There is a
standard progression of public concerns and research questions as each
new innovation is adopted by society (Wartella & Jennings, 2000; Wartella
& Reeves, 1983). As the medium is being developed, the concern is how
much and in what ways it is being used. Attention then shifts to the
possibly deleterious effects of the medium on physical and emotional health.
Finally, the effects of the content on values, attitudes, and behavior become
the dominant concerns. The first wave of research is motivated by concerns
expressed by parents and educators about the supposedly inordinate



amount of time children occupy themselves with the new medium. This
concern turns the focus of attention to physical and emotional health
effects. In the first decades of this century, there was concern about children
viewing films in dark, possibly unsanitary, movie houses. There was concern
that listening to radio would affect children’s hearing. Television was
accused of causing bad eyesight and of emitting harmful radiation. Finally,
society and researchers have focused their attention on the effects of the
media’s content upon children’s morality—“gangsterism” on radio, sex and
violence on films, and so on. In each case, studies concluded that the media
“would affect individual children differently depending on the child’s age,
sex, predispositions, perceptions, social environment, past experiences, and
parental influence” (Wartella & Jennings, 2000, p. 33). For example, children
who have unsatisfactory relationships with their family and peers are most
likely to retreat to the fantasy of aggressive content on various media. Most
important, the effects on children differed with the content, ranging from
negative effects on cognitive style to positive effects on cognitive skills,
academic performance, and social relationships (Wartella & Jennings, 2000).

Fool’s gold reiterates similar concerns, such as deleterious effects on vision.
Declining eyesight due to a computer use is a popular complaint in Japan as
well. However, analysis reveals that the distribution of video games began in
1985, and the decline in eyesight began in 1974, and therefore the link
between the two is not clear (Ishigaki et al., 1996).12 Fool’s gold claims that
computer research, requiring “reading long documents for meaning, requires
the kind of visual skills and perceptual abilities that are generally not well-
developed until about the age of 9” (p. 24). We are surprised both that long-
term Internet research is rampant in our early childhood and primary grade
classrooms and that this is the first time children are reading long documents
for meaning. They quote Bill Gates of Microsoft as saying that because he
likes to read from paper, he prints it out. It’s not clear why the authors’
recommendation is to end computer use as opposed to simply, using print
outs when that is helpful or desired. Other health concerns are treated
similarly.13

Let us be clear. Health concerns should be carefully considered and
monitored. What we are objecting to is the use of individual, unnamed
doctors, inappropriate anecdotes, and flawed logic, all compounded by the
lack of solid research. Concerns such as repetitive stress injuries are
important; however, reported injuries concern adults such as data entry
specialists; more child-focused research is needed (Shields & Behrmann,



2000; Wartella, O’Keefe et al., 2000). Children should be given the same
cautions as adults (Subrahmanyam et al., 2000), stated even more conserva-
tively. Our main point is that if children, especially the young children on
whom we are focusing, are typing on typewriters or computers, or cramping
their hands writing with pens for that matter, without breaks for hours per
day, we have an important societal and educational problem far beyond the
issue of using old or recent technology. Children should not be in front of
screens, a disproportionate amount of their day (Shields & Behrmann, 2000).
Home exposure to commercial television and video games, especially those
including inappropriate topics, might be the main targets of efforts to limit
screen time. Further, we object to Fool’s gold’s disregard of research
evidence on positive effects, as some interactive media “has demonstrated
an extraordinary potential to help children live healthier, safer lives (e.g.,
action-adventure computer games leading to a 77% decrease in diabetes-
related emergency and urgent care clinical visits, compared to a control
group of youngsters with an entertainment game at home, Wartella, O’Keefe
et al., 2000).

Fool’s gold attacks everything and everywhere it can, but we have attempt-
ed to show that these unqualified arguments are not convincing. Still, we
accept the importance of their basic question: Should computers replace
other experiences? The Alliance is connected to the Waldorf philosophy,
which has some sound principles; for example, direct sensory experiences
are important. Should computers replace such experience? Usually not
(although simulations of dangerous situations may constitute exceptions).
Let’s look a bit deeper. How about extending and complementing such
experiences? Is it better for children to interact with animals that are not in
their locale using technology, or not at all? In this case, technology—
whether televised nature programs, the Web, or disk-based programs—
would benefit the goals of nature education. Even when children can interact
with a natural environment, might there be a time when other technologies
should be employed? Again, yes. Children who interact with technologies
from books to television to computers can help find new information and
explore possibilities. For example, they might manipulate a simulation that
allows them to change ecologies for animals and study the results. This is
saying no more than John Dewey did about “learning by doing.” Yes, you
learn by doing, but you learn well and deeply only when you reflect on your
actions and experiences.



AREAS OF AGREEMENT

As we hope we have made clear, on some concerns and issues there are
areas of agreement (with the caveat that some distinctions and elaborations
must be appended). We mention six here.

We should support meaningful, “whole” development and learning for
children. One main area of agreement is around general issues of develop-
ment and learning. Page after page is spent providing a broad background
consistent with a recent early childhood pedagogical study (Bowman,
Donovan, & Burns, 2001). Unfortunately, the Fool’s gold authors link this
background directly to computer issues. Ironically, the same literature that
supports meaningful, holistic development and learning, underlies many
theorists’ and developers’ efforts to create computer environments that
uniquely facilitate research-based pedagogies.

Technology can help children with disabilities. The Fool’s gold authors
agree that for children with certain disabilities, technology offers critical
benefits. This is a typical position of those biased against engineering and
technology; when the benefit is unarguable, make an exception, ignoring the
similarities of children with and without disabilities, all of whom benefit in
various ways, and all of whom are harmed by inappropriate use.

There are inappropriate justifications for early computer use. “Must
five-year-olds be trained on computers today to get the high-paying jobs of
tomorrow?” (p. 4). We agree they do not. This argument—rarely made by
those actually in the field—is as misleading and unfortunate as the argument
that college guarantees graduates a larger income. Although a degree may
increase earnings, the justification for a college education should be based
on the value of an educated citizenry and the realization of each individual’s
potential. Likewise, use of computers with children is more about realizing
their potential across the many critical areas of development, including the
intellectual and social-emotional domains. When computers contribute to
this development, they should be used. When they do not, they should not
be used.

There are inappropriate uses of computers. We addressed this theme
throughout this article; indeed, on this score we agree to a great degree. For
example, in a review we critically questioned “aspects of ILS’s, especially
diminished teacher and student control. In too many cases, ILS’s represent a



triumph of bureaucratic efficiency over young children’s development”
(Clements et al., 1993). We have similarly raised concerns about aggression
and inequities (Clements, 1985), and there is every reason to limit all chil-
dren’s exposure to violence in all media (especially those at risk develop-
mentally and socially). The intensity of our response here has more to do
with our objection to the way the message was delivered and its foundation,
than on the ratio of issues on which we do or do not disagree.

Why have we not defended the Internet, a constant target of Fool’s gold?
In a minor way, we have; some of the literacy work that involves writing for
other audiences has used such technologies. However, our lack of attention
to the Internet reflects our belief that we should reserve summative judgment
until empirical evidence concerning advantages or disadvantages of specific
uses is amassed. In lieu of such evidence, it may be useful to consider
anecdotal reports, such as Fool’s gold’s description of students’ ostensibly
limited understanding of the Renaissance. It certainly gives one pause,
although we seriously doubt that disconnecting the students and providing
them with the “favored books” listed would guarantee a deep understanding
any more than providing Internet access would. The teacher and curriculum
are undoubtedly important factors here, possibly leading to the number of
positive anecdotes about students’ learning with the Internet.14

Total time in front of screens should be limited. The time children spend
in front of a screen should be limited. We emphasize that commercial TV and
inappropriate video games are the largest contributors to such time, with
children ages 2 to 7 spending from 2 to 3 hours per day in front of a screen
(Subrahmanyam et al., 2000), and should be the first to be curtailed (Clem-
ents & Nastasi, 1993; Shields & Behrmann, 2000). Then, positive uses
should be limited to no more than one to two hours a day (American
Academy of Pediatrics, 1999). However, strict time limits in an early child-
hood classroom (e.g., 5 or 10 minutes per child and then they must quit) is
not wise. In one large study, such strict rules generated hostility and
isolation instead of the usual positive effects of the computers on social
communication; the strict limits kept children from communicating and
sharing (Hutinger et al., 1998). Child-centered control was again the more
positive path.

Money is often spent unwisely. We have written about the unfortunate
ways that most curriculum and software materials are developed and
marketed (Clements, in press; Clements & Nastasi, 1992). Large sums of



money should not be spent without reflection on educational priorities. If
high-priority goals can be achieved well with specific computer applications,
then detailed planning should precede any purchase. (One should say that
about any field, which is one of the main points of this article). However, to
say that computers are an “expensive, unproven technology” (p. 3) is
misleading. Spending money on materials—and paper-based textbooks are a
billion-dollar industry—that are too often not research-based and of
questionable quality is an educational shame (including sales of left-over
stock to the third world) (Clements, in press). However, this problem pertains
to all technologies, and is a social, economic, and political situation that
needs to be addressed globally. We suggest eschewing internal battles
(adequate pay for teachers or adequate materials?) and working to provide
children with the best of all research-based resources. Further, similar
problems exist for many industries. Do the controversies regarding the
pharmaceutical companies lead to calls for moratoriums on the use or
creation of beneficial drugs? No, it is the culture that determines what and
how various technologies are used. All educators should work toward a
positive use of computers with children. Just spending money on computers
without a plan will have a low probability of increasing achievement;
however, spending a small bit in each classroom probably will not either.
Large-scale, research-based model projects followed by planned implementa-
tion of successful models appears to be a wiser strategy. Finally, policy
makers should realize that market forces alone would not provide high-
quality content; new incentives are needed to fill noncommercial content
and needs of all members of our society (Downes, Arthur, Beecher, & Kemp,
1999; Wartella & Jennings, 2000).

There is a need for human caring. Agreement on this issue is easy. Fool’s
gold repeatedly argues from this palpable foundation, but the reports’ non-
sequiturs frequently render its conclusions questionable or groundless. We
will return to this point in a succeeding section.

THE WHOLE TRUTH (OR AT LEAST THE WHOLE STORY)

Thus, there are areas of agreement, and in a recent face-to-face discussion
with one of the editors of Fool’s gold, Edward Miller, we found conversa-
tion about concerns flowed easily. Our main objection is to the form and
nature of the report itself. Our analysis of Fool’s gold’s treatment of



creativity was one stark example. In addition, Fool’s gold describes the
standard Piagetian line, ignoring most of what we have learned in the last
few decades. Moreover, even standard Piagetian theory does not have the
implications the report implies. As an example, Herb Ginsburg, co-author of
one of the most popular Piagetian textbooks14 (Ginsburg & Opper, 1979), is
working with colleagues on a National Science Foundation (NSF)-sponsored
mathematics curriculum for preschoolers, as are we on a separate project
(Clements & Sarama, 1999). Both groups of researchers use Piagetian theory
in research (Clements, 1984, 2000b; Clements et al., 1997) and curriculum
development, but neither eschews mathematics experiences, including
computer experiences, for young children. This is yet another example of
Fool’s gold’s omission of any research contradicting their main points.

As another striking example, Fool’s gold repeatedly quotes psychologist
and sociologist Sherry Turkle to support it’s positions, while ignoring her
research reports that emphasize the learning, metacognitive gains, and the
contagious spread of child-based knowledge that can occur within appropri-
ate computer environments (Turkle, 1984, 1995, 1997). We asked Turkle
about the way her work was cited, and she responded (personal communica-
tion, February 25, 2001) that she was quoted out of context and interpreted
incorrectly. She stated that she believes (and we concur) that it is unwise to
simply wire up schools instead of really thinking about the hard, and (often)
expensive problems faced by education today. These issues have to do with
social and economic problems as well as with appropriate pedagogy both
with and without the computer presence. If computers are to be used, they
must be used in a way that provides for meaningful educational and
personal growth. This can be done but would be done more effective if the
computer is not treated as an object that alone can produce positive change.
It needs to be supported by a rich educational computer culture. This
position, she insists, is very different from saying that the computer is not a
powerful educational tool. She believes that it is. It simply is not an end unto
itself. Further, Turkle’s articles clearly state that computers can help children
learn and should be used reflectively by both children and their teachers.
Children should learn to understand how and why the programs they use
work they way to do (Turkle, 1997).

Turkle further states that her research did not support the conclusions the
Fool’s gold authors implied that it did. For example, Fool’s gold cited Turkle
as supporting the statement that technology “is diverting attention from the
urgent social and educational needs of low-income children.” However,



Turkle told us that when she said these words she was arguing specifically
against the mindless addition of computers to the classroom, without
teacher training and planning. This is a very different statement. Turkle says
she does not argue against computers, but does argue for thinking of
computers in the context of a larger social, cultural, and economic picture.
Turkle called other interpretations of her work in Fool’s gold “biased” and
“distorting of a research career that has tried to create a rich description of
computers not just as an object that has an impact, but as part of a culture
that is constructed in a particular social and psychological framework.” The
point, says Turkle, “is to create an educational computer culture that we can
be proud of,” not to turn our backs on this technology.

As another example, Fool’s gold quotes the National Science Board:

The fundamental dilemma of computer-based instruction and
other Instructional Technology (IT)-based educational technolo-
gies is that their cost effectiveness compared to other forms of
instruction—for example, smaller class sizes, self-paced learn-
ing, peer teaching, small group learning, innovative curricula, and
in-class tutors—has never been proven. (p. 95)

However, they do not review other reports, such as one that concluded that
computers may be as, or more, cost effective as other instructional interven-
tions, such as peer tutoring and reducing class size (Niemiec & Walberg,
1987, note, however, we think the issue is still open and important, a topic to
which we shall return). Further, they did not quote the National Science
Board (1998) when that group reviewed studies that show, with pretraining,
the effect size of computer-based instruction across many studies was 0.53,
equivalent to one-half a school year gain, or 70th percentile performance.
The Board concludes “meta-analyses of educational studies conducted
between the late 1960s and the late 1980s consistently reveal positive
impacts of computer-based instruction at the K-12 level” (and that “when
the ‘informationally disadvantaged’ are given access to computers and the
Internet, they use these resources effectively for self-empowerment,” p. 8-3).
In addition, they did not quote the Board stating “computer-based instruc-
tion can also be incorporated into enriched learning environments.” For
example, the Board cites one program for teaching economically disadvan-
taged students in the fourth through seventh grades, which resulted in
double the national average gains on standardized tests in reading and
mathematics (Costa & Liebmann, 1997). Two additional studies also suggest
“the use of computers in enriched, nontraditional learning environments



might achieve the fundamental changes in student learning that advocates
of computer-based instruction desire.” These studies are above the age
range of early childhood education that we have addressed. However, we
should not leave this area without pointing out confirming research. As just
one example, a recent national study found that computers could raise
student achievement and even improve a school’s climate (Education Week,
1998; Wenglinsky, 1998). At eighth grade, but not fourth, the use of drill and
practice software was related to lower achievement. Instead, using comput-
ers to teach higher-order thinking with applications, simulations, and games
raised achievement significantly.15 Finally, the most recent report of the
National Science Board (2000) concludes with a description of a review by
Schacter:

Collectively, these studies cover more than 700 empirical re-
search studies and focus on the most recent work. On the basis
of this review, Schacter (1999) concludes that “students with
access to: (a) computer-assisted instruction or (b) integrated
learning systems technology or (c) simulations and software that
teach higher-order thinking or (d) collaborative networked technol-
ogies or (e) design and programming technologies show positive
gains in achievements on research constructed tests, standard-
ized tests, and national tests.” Schacter also found evidence,
however, that learning technology is less effective or ineffective
when learning objectives are unclear and the purpose of the
technology is unfocused (p. 9-25).

When the little research involving computers Fool’s gold does include is
cited at the end of a passage, the studies themselves usually have nothing
to do with computers. For example, one passage warns against computer use:

Because research findings across many scientific disciplines
strongly suggests that later intellectual development is rooted in
rich childhood experiences that combine healthy emotional
relationships, physical engagement with the real world, and the
exercise of imagination in self-generated play and in the arts.
Intense use of computers can distract children and adults from
these essential experiences.17

This footnote implies to the reader that this final point is documented by
research. However, the long footnote merely provides justifications for a
wide variety of experiences, including art, music, and physical education.
There is no empirical evidence presented that computers distract people



from these experiences. (In contrast, we as well as others have presented
evidence that computers can enrich children’s developmental experiences.)
Once again, this is misleading writing that does not contribute to the field or
to children.

The major question is whether or not it is ever acceptable to tell half the
story? To act is if everyone but the misinformed or profit seeking agrees
with you? To proffer a portrait of only one side of a complicated research
landscape? To consistently quote the opinions of a few “authorities”—
those whose positions clearly support your position?16 Even if it raises
important concerns and foments discussion, this strategy may ultimately do
more harm than good because it needlessly supports the widespread
misconception that empirical studies in education do not develop reliable
knowledge, thereby vitiating public confidence in such research. This
furthers the cynicism and neglect that too often meets researchers’ efforts to
discuss educational issues with policymakers and with the public,17 and
threatens increased funding for research that is necessary in this field—
there is a research corpus, but it is by no means complete.

FINAL WORDS

Fool’s gold raises important issues and paints, in broad strokes, a picture of
one view of children’s development and learning. Fool’s gold’s subtitle is:
“A Critical Look at Computers in Childhood” We do need to look at comput-
er use critically. By “critically,” we mean, “Characterized by careful, exact
evaluation and judgment.” Another dictionary definition, one unfortunately
favored by the authors and editors of Fool’s gold, is “inclined to judge
severely and find fault.” They are more censorious than critical in an
academic sense, and thus bring the fire of condemnation without adequate
illumination.

In addition, their condemnations are of only certain technologies. Of
thousands of years of the development of expressive technologies, the
authors decided that time should be frozen at one narrow band. (Recall we
discussed this issue regarding mathematics content and methodology.)
Before there were brushes, paints, pencils, and paper, children probably
interacted with, and represented, their natural world in different ways.18 Was
that better, or did the technologies of painting add to their development of
their creativity and humanity? Our purpose is not to address these interest-
ing questions in depth, but to illustrate that every technology may contrib-
ute to or attenuate depending on its affordances and applications. We argue



that there is little foundation for an a priori decision to expose children only
to the technologies of a single era.

Consider first grader Darius, observed in a classroom-based study (St. Paul
Public Schools, 1985). Darius never talked aloud, was slow to complete his
work, and worked in a “socialization group” to “draw him out of his shell.”
When the computer arrived, Darius spent nearly 90 minutes with the
machine his first day. Immediately thereafter, his teacher noticed that he was
completing seatwork without prompting. Then he would slide his seat over
to the computer and watch others program in Logo. Soon after, he would
stand beside the computer, talking and making suggestions. When others
had difficulties, he was quick to show them the solution. Others started
getting help with Logo from him. In brief, Darius moved up from the lowest
to the highest reading group. He began completing twice as much work per
day as he had previously. He participated eagerly during class discussions
and—as a “crowning achievement”—was given a 10 minute “time out”
because he wouldn’t stop talking (St. Paul Public Schools, 1985)!

Where is Darius in Fool’s gold? Where are the hundreds of qualitative and
quantitative studies that detail the potential benefits of appropriate comput-
er use? Where are the children that have, are, and could benefit from such
use? Buried under the avalanche of a one-sided diatribe.19

Misuse of technology by some and overzealous promotion by others are not
valid reasons for misrepresenting the field or for speciously framing the
computer as the lightning rod for a broad range of criticisms that can be
reasonably attributed to no single source. This type of incomplete and
dishonest reporting misdirects attention from the wider web of political and
pedagogical concerns. It insults teachers who have found golden education-
al nuggets using computers by implying that they are fools. Articles such as
Fools gold trammel the progress of research and expert practice that can
guide developmentally appropriate and beneficial use of computers. Finally
violence tis committed to the academic enterprise by reinforcing the cynical
belief that research can also support either of polar opposite opinions.

The bottom line regarding computers in education is this: We know materials
and media are frequently misused or used ineffectively in education. Let us
not call for a technological prohibition, especially one built on a specious
foundation that ignores the hundreds of studies and reviews that contradict
such a position. Instead, let us work together to use technology well.20



When we discuss when and how technology should and should not be
used, let us be honest both academically and politically, eschewing the most
base techniques of advertisers and embodying and modeling rational
discourse considering all available evidence.

Although we hope to correct misconceptions about computers in education,
this is not the main force of our argument We are concerned with the need
for complete, balanced, consideration and reporting of research. A recent
plea for raising the standards of reporting and interpretation of educational
research—“because findings can quickly become distorted or misinterpreted
and enshrined through misinformed policy decisions” (Taylor, Anderson,
Au, & Raphael, 2000, p. 16)—addressed the dissemination of research
findings before complete peer review. The creators of Fool’s gold sought
significant media attention although it was never intended to be peer
reviewed. Nor did it consist of a complete, competent review of the most
specifically relevant body of research. Even more frustrating from an
academic perspective, it received “stamps of approval” from several
researchers who signed the report. This type of polemic promulgates a
jeremiad in the masquerade of academic respectability. It  undermines the
profession as well as the body of accumulated knowledge from research and
the wisdom of expert practice that we believe is one essential cultural
contribution to the welfare of children.
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Footnotes

1. The Web site for the project lists links to coverage in U.S. News and
World Report (cover story), Newsweek, and The San Francisco
Chronicle.

2. Papert saw the term “technocentric” as capturing an analogy with the
egocentric stage in Piaget’s model. As the egocentric child has difficul-
ty understanding anything independently of the self, technocentrism
refers to the tendency to give a similar centrality to the computer. This
tendency shows up in questions like “what is the effect of the computer
on cognitive development?”

3. We attempt a balanced, if not comprehensive, review here. In so doing,
we reflect extant research (e.g., numerous studies on Logo and word
processing) rather than proportionately reflecting recent popular uses.

4. This is true for all media; “as prior media research has shown, it is not
the medium itself that affects children’s perceptions, attitudes, or
awareness. It all depends on the specific kinds of content with which
they carry out specific kinds of activities, under specific kinds of
external or internal conditions for specific kinds of goals” (Wartella,
O’Keefe, & Scantlin, 2000, p. 5, emphasis in original).

5. The distinction is assumed even before research is reviewed in most
publications; for example, “Not surprisingly, the effects of computer use
vary significantly by the type of activity and the quality of content. The
experiences of children playing violent computer games are quite
different from those playing educational games; the experiences of
children visiting informative, nonprofit Web sites are quite different
from those logging on to sites sponsored by media conglomerates and
toy companies; and the experiences of children exchanging e-mails with
friends and family are quite different from those communicating with
strangers in MUDs and chat rooms. What can be gleaned from the



research about the effects of various experiences is summarized
below…” (Shields & Behrmann, 2000, p. 9).

6. Further, one might argue that not engaging children in positive uses
leaves them more susceptible to developmentally and socially inappro-
priate uses.

7. Much later, Elkind (1998) moderated his position, stating that he was
not opposed to technology but only to it’s misuse.

8. Fool’s gold warns that “the time spent with computers and other
electronic media may distract both children and adults from directly
communicating with one another, face to face, weaving together the rich
variety of spoken and unspoken cues such interactions encourage” (p.
35). There is a concern; unmonitored and unbridled use of the Internet,
for example, may lead to less direct face-to-face contact, with potentially
negative social consequences (Kraut et al., 1998). However, research,
such as that reviewed here, shows that computers used appropriately
can support both face-to-face and distance communication to good
effect. Further, even video game use outside of school does not lead to
social isolation; boys age 11-17 who report frequent game playing were
also those likely to see their friends more often out of school; for
example, to compare notes (Wartella, O’Keefe et al., 2000). In any case,
unqualified, the Fool’s gold argument is disingenuous: Would the
authors wish to stop children from writing letters on paper?

9. Perceptual is used here, consistent with Piaget’s original formulation, as
meaning phenomena or experiences that depend on sensory input, in
contrast to those that are represented mentally (and thus can be “re-
presented” imagistically without sensory support). Thus, perceptual
should not be confused with the notion that we, with Piaget, reject—
that of “immaculate perception” in which perceived objects are immedi-
ately registered in the brain.

10. Mathematization emphasizes representing and elaborating mathemati-
cally—creating models of an everyday activity with mathematical
objects, such as numbers and shapes; mathematical actions, such as
counting or transforming shapes; and their structural relationships.
Mathematizing involves reinventing, redescribing, reorganizing,
quantifying, structuring, abstracting, and generalizing that which is first



understood on an intuitive and informal level in the context of everyday
activity.

11. Even home use, not our focus here, has been found to have immediate
positive effects on specific cognitive skills and mildly positive effects
on academic performance (Orleans & Laney, 2000; Subrahmanyam et al.,
2000; Wartella, O’Keefe et al., 2000), although there is not enough
research to make clear and general conclusions. Research on one after-
school computer program demonstrated far transfer—children who
participated in the program achieved significant gains in reading,
grammar, mathematics, and computer knowledge; were better able to
follow directions; and scored higher on school achievement tests,
compared with nonparticipants. The program emphasized voluntary
participation in fun and learning activities rather than a structured
instructional intervention. Even playing computer games, in moderation,
does not negatively impact social skills; the only significant effects
have been moderate, positive, influences on forming new friends and
bringing family members together (Subrahmanyam et al., 2000).

12. The authors quote a depressing picture: “The eyes stare at an unvary-
ing focal length, drifting back and forth across the screen. Fingers move
rapidly across the keyboard or are poised, waiting to strike. The head
sits atop the spine balanced, in the words of one physician, like a
bowling ball. Built for motion, the human body does not respond well to
sitting nearly immobile for hours at a time.” The problem is, with only a
slight bit of rephrasing, this describes our ten-year-old reading. She
never sits at the computer for hours, but she reads for hours. We do
move her outside (protected!); we don’t call for a moratorium on books.
The authors also advise injury if children carry laptops to and from
school, but our daughter’s books are easily quadruple the weight of a
laptop, much less a handheld device. If the authors were anti-textbooks,
would they have devoted paragraphs to paper cuts? Nevertheless,
myopia may be linked to near reading, and long sessions at the comput-
er may be especially demanding (Palmer, 1993). We should ensure
children are not reading anything without adequate breaks (e.g., five
minute breaks every 30 minutes, with gazing into the distance every 15
minutes) and lighting (for computers, avoiding overhead fluorescent
light reflected on the screen or glare from outside windows).

13. For example, electromagnetic radiation, is an possible but uncertain
concern, that seems to be a concern only if quite old equipment is used



and the simplest safeguards ignored. When the authors repeatedly
suggest that children go outside, they fail to mention that skin cancer is
a proven concern and that safeguards are needed here as well. (And
they would undoubtedly not advise against sending children outside
because there are dangers there.)

14. Note that parental education appears important, especially for older
students: Surveys indicate that about half of all children with home
access to the Internet have no parental restrictions on the type of
content viewed or the amount of time the Internet is used (Shields &
Behrmann, 2000). Given the content available, discussion with parents
seems paramount. The issue of time is our next topic.

15. Two caveats should be mentioned: First, this is a correlational study.
Second, there is substantial research that CAI drill can have a positive
effect, used in certain ways. Our own lack of enthusiasm for this
approach does not keep us from reporting the positive research in this
domain.

16. Ironically, the authors criticize another report (President’s Committee of
Advisors on Science and Technology—Panel on Educational Technol-
ogy, 1997) for representing “a narrow range of perspectives” (p. 80).

17. Discussing a similar report, Papert (1998) stated a similar position: “the
language of the debate constitutes intellectual pollution, not only
because it leaves people muddled and confused about facts but
especially because it encourages poor language usage and poor
formulation of questions.”

18. We credit Mitch Resnick with the specifics of this formulation.

19. The title “Fool’s gold ” may be an attempt to be provocative; instead, it
is inflammatory and insulting—Darius’ teacher and Anderson are, by
logical implication, the “fools” who believe they have found a bit of
education gold. Moreover, the way to differentiate gold from pyrite was
to carefully assess the material. But the report gives scant indication
that the careful tests of educational computer use had been consulted,
much less evaluated.



20. What this might mean is beyond the scope of this article, but is
discussed at length in many other publications, including our own
(Clements, 2000a; Clements & Battista, in press; Clements & Nastasi,
1992; Clements & Sarama, 1997, in press; Clements & Swaminathan,
1995; Sarama, 2000; Sarama, Clements, & Henry, 1998). Among the many
suggestions not discussed at length in the present article are included:
(a) using high-quality, research-based computer applications that make
unique contributions to children’s learning and development (example
of these are included in software briefly discussed herein); (b) using
extensible programs for over extended periods of children’s education,
so these applications can become tools for thinking; (c) using technolo-
gy only with adequate professional development (actually beginning
with professional development, then deciding on curriculum modifica-
tions, software, and hardware in that order); and (d) encouraging
thoughtful, slow, adoption and incremental improvement (with reason-
able expectations of what technology can do and an appreciation of the
importance of the complete educational environment).


