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Abstract

Computer technologies for learning environments have been introduced with
great expectations for improved learning outcomes. However, the great
improvements have not materialised; some of these extant studies are
examined. Of all the explanations for these disappointing results, the least
examined are the affordances of the computer tools. This paper provides a
rationale for studying affordances and presents two studies in K-12 and
undergraduate settings showing how powerful affordances are in affecting
outcomes. Finally, the paper presents guidelines on how to gradually move
students from a game affordance of a computer to a learning mode.

Introduction

Educational technologies are frequently introduced to learning environments with
great fanfare and expectations for learning outcomes. Unfortunately, recent meta-
analyses of research about technology-enhanced learning environments showed min-
imal, or even negative, effect sizes (Azevedo & Bernard, 1995; Fletcher, Claire & Gravatt,
1995; Lee, 1999; Lou, Abrami & D’Apollonia, 2001). The causes frequently cited for
these minimal effects include the tasks, learner variables, and design issues. Affor-
dances of computer technologies for the learner are rarely mentioned as a possible cause
for the mixed results.

Students in K-12 and undergraduate settings spend a majority of their computer time
playing games and communicating with peers, therefore, their affordances for the com-
puter are affected by these experiences. Affordances describe the interaction supported
by the tool for each individual and is affected by their prior experiences. The students
expect to be entertained by the computer and use it to communicate with peers and
rarely consider it a learning environment. In the early days of television-based classes,
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Salomon and Leigh (1984) reported on a phenomenon he termed AIME (Amount of
Invested Mental Effort). Similar to what we are experiencing with the computer-literate
generation now, the TV viewers expected to be entertained and rarely engaged their
minds in effortful thinking while viewing the programmes. This and the one-way com-
munication of the medium resulted in many TV-based courses failing as good learning
environments. Computer affordances for learners in K-12 and undergraduate settings
may play a similar role in research outcomes if viewed as an entertainment medium
that requires less engagement of the brain.

There are four major reasons why it is important to figure out the role of affordances
in educational technologies. First, if young learners’ expectations of computers are that
they will be entertaining and game-like, should we always endeavor to meet those
affordances and construct only games to promote their learning? Second, should we
identify transitions to move learners from the game affordances to a learning affor-
dance? Third, is it possible to change affordances of a computer tool for learners? Finally,
as the numbers of web-based distance learning environments increase and are actually
being used by K-12 and older students, do we really know what is going on in learners’
minds as they interact with the computer? Additionally, do these students multitask
based on their computer affordances and miss important learning or are they evolving
into a different type of learner?

This paper describes two projects where technology affordances played a large part in
the outcomes. Each study described includes the methods, results, and discussion. We
begin with a description of computer technologies in learning environments, affordance
theory, and then describe the research studies. The conclusion identifies strategies that
can minimise the effects of the problems and methods that can move students to a
learning affordance instead of propagating the game affordances of computers.

Computer technologies in learning environments

Computer technologies in the classroom include interventions like computer tutors,
interactive learning environments, discovery learning environments, simulations,
web-based distance learning environments, and communication tools. Table 1 shows a
sample of such studies and presents the domain of study, education level of learners,
outcome variables studied, and results. Participants range from high school students
learning biology to undergraduate engineering students. Research results from these
studies show limited effects on learning. One explanation for the mixed results in these
studies is the computer tool affordance for the user.

Affordances

Affordances are the interactions between users and tool. The tool prompts, guides, or
constrains the users depending on their previous experiences (Salomon, 1990). In order
to accept the affordance of the tool, the user must have prior experiences with similar
tools (Carter, Westbrook & Thompkins, 1999), domain knowledge (Kozma & Russell,
1997), and must be at an age where they are able to understand or relate to the
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affordances (when the tool is within the zone of proximal development of the learners)
(Carter, Westbrook & Thompkins, 1999). Norman (1998) says, ‘affordance is not a
property, it is a relationship that holds between the object and the organism that is
acting on the object. The same object might have different affordances for different
individuals’ (p. 123).

For the focus of this paper, the tool or object is the computer. Based on previous experi-
ences with the computer, the user can see it as a tool for data entry, as a method of
communication with others, as a place to play games, or as a facilitator for writing a
paper. Most students in K-12 and undergraduate settings have grown up with the
desktop computer that has graphical user interfaces and advanced gaming capabilities.
When these students are faced with learning from a computer or interacting with a
computer to perform a problem-solving task, what are their expectations for that inter-
action? How do their expectations affect the outcomes of their experience?

Research on affordance has shown that undergraduate students perceived the numeric
isomorph of a simple Tic-Tac-Toe game to be easier than the isomorph with shapes and
colors (Zhang, 1997). The game-like isomorph and the students’ view of the role of
computers were better matched yielding easier ratings. Using qualitative analysis of
data transcribed from high school student interactions with computer representation
(physics concepts like behavior of a mass on a spring and graphs generated by the
computer), Kelly and Crawford (1996) showed positive roles of the computer. The high
school instruction used a computer to foster the construction of meaning. The com-
puter exhibited vital information and presented anomalies to the students’ expecta-
tions. The computer became the students’ ally in making a case. The students used the
computer representations to ‘make a claim’, make predictions, and look for clarification.
They responded to the computer as a member of the group. The students appeared to
learn to value the computer as a useful tool for inquiry rather than just a source of
entertaining games.

In contrast, Roth (1995) and Roth, Woszczyna and Smith (1996), studied 11th grade
students interacting with a physics microworld, Interactive Physics™, and showed that
some students needed guidance in making the correct choices, navigating, and inter-
preting the outcomes of the simulations. Most troubling was their synthesis that stated,
‘The teacher could implement and execute ideas and experiments as he planned; the
computer software complex—provide him affordances, just as a chisel or circular saw
affords many possibilities to a carpenter. On the other hand, from a students’ perspec-
tive, the computer software complex—was a tool unready to hand’ (Roth, Woszczyna
& Smith, 1996, p. 1012).

In summary, computer affordances play a large role in learning outcomes. The cur-
rent cohort of K-12 and undergraduate students, who are frequently the subjects in
research studies, have used computers from a very early age to play games and some-
times do simple word processing tasks. The designers of both computer tools and
research studies have backgrounds where computers were mostly utilised for pro-
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gramming databases and application design; they view computers from a utility-
oriented perspective. This difference in perspective can cause a significant difference
in each group’s approach to computers and their use. Specifically, K-12 students and
undergraduates see computers as gaming machines with minimal applicability as
problem-solving tools. The opposite is true of the designers and researchers in many
of these studies.

Designers and researchers keep creating learning environments (using information on
motivation, learner variables, multi media, etc) in the hope of creating rich learning
environments for young learners. Unfortunately, these learners want to be entertained,
play games, and ‘chat’ with their friends, and the last thing on their mind is learning
with the computer.

Therefore, there is a need to further study computer affordances. There is a fine line
between aspects of design in technology that motivate and engage learners and
those that distract them from learning what is important in the instruction. We
have to find ways to move students from a ‘game’ affordance of the computer to a
‘learning’ affordance if we plan on propagating the use of computers in classrooms
for learning.

Next we describe two studies where the affordances of the computer tool played a large
role in the outcomes of the studies. We follow up with methods to change the game
affordance to a learning affordance.

Research study 1: a pilot of web-based intelligent tutoring system
(fifth-seventh grade)’

We created the Intelligent Tutoring for the Structure Strategy (ITSS) to teach fifth and
seventh grade students a reading strategy called the Structure Strategy (Wijekumar &
Meyer, in press). The Structure Strategy has previously been taught by human tutors
and teaches learners that expository texts have six basic structures: comparison, prob-
lem/solution, cause/effect, description, sequence, and listing (Meyer et al, 2002). Orig-
inally, human tutors would model the use of the strategy by showing learners the
signalling words, helping them write main ideas for the text passages, and then use the
main ideas to construct a full recall of the text.

Our new system was designed using Flash to create an animated book-like web page
with a talking head L.T., who spoke to the student in the role of a tutor. Figure 1 shows
a sample of one of the pages designed. The system is interactive with I.T. modelling how
to use the strategy, then giving students the chance to click on signalling words, write
main ideas, write full recalls, choose from multiple choice answers, and provide imme-
diate feedback to the learners.

The research presented here is a combination of pilot test data collected in spring 2004
and focus group conversations with students currently using the system.
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Figure 1: Sample screen from the Intelligent Tutoring for the Structure Strategy system

Research questions

* What computer tools are frequently used by fifth and seventh grade students?

e How is an intelligent tutoring system for a reading strategy viewed by fifth and
seventh grade students?

» What affordance do computer tools support for students in Grades 5 and 7?

Participants

During the pilot test, 18 participants in Grades 4 through 8 were interviewed and
observed. Twelve participants were males and 6 were females; 15 were white, 2 were
African American, and 1 was Asian American. The participants were recruited through
three school and university listservs. All participants owned computers at home and
also used the computer in their school classrooms. All participants attended schools
that have a minimum of one computer to four students ratio.

The focus group consisted of 28 students in fifth and seventh grades currently using
the system in a long-term research study. There were 15 females and 13 males in this
group. These participants were recruited through the school district and are a subset
of over 200 students currently using the ITSS program in the school day.

O 2006 British Educational Communications and Technology Agency.



198 British Journal of Educational Technology Vol 37 No 2 2006

Method

Participants completed an informed consent form and also surveys on their computer
usage, self-efficacy, and demographics. After a short break and an introduction about
the intelligent tutoring system, the participants individually worked through three
lessons in the tutoring system.

After completing their interaction with the intelligent tutor and midway through the
use of the ITSS in the schools, participants were interviewed about their experience. The
conversation was open-ended, and participants talked about their prior experiences
with computers as well as what they enjoy or dislike about computers. They also
critiqued their interactions with the intelligent tutor.

Results

Students in both the pilot and focus group reported that I.T. was believable and looked
interesting. They suggested that they would like to talk to I.T. about topics other than
the reading strategy as well.

However, the students said that listening to I.T. for long periods of time or having to
interact on a regular basis with I.T. can be boring because they would actually rather
be playing games on the computer. One student reported how another computer learn-
ing tool was introduced in their school, and most students turned the learning environ-
ment into a game of trying to give as many incorrect responses as possible to the system.
As these discussions continued, it was clear that the computer affordances for these
students was that of a ‘gaming’ tool.

Results about computer affordances

Interviews with the focus group students yielded some other interesting findings about
their computer affordances. All students reported using the computer to play games
either on the Internet or using CD-ROMs. A notable statement was made by one of the
fifth grade participants. He said:

When I finish my work in class, my teacher usually lets me ‘play’ on the computer till my
classmates finish their work.

This statement was echoed by all the fifth graders in some form.

Similarly, all the fifth graders said they spend at least 10 to 15 hours a week playing
Nintendo, Playstation-type video games, or games on their computers. All children
reported playing Internet based-games like racing, puzzles, and sports. Male students
from all grades reported a high interest in war and racing games. Female students
reported a high interest in chatting with their friends using Instant Messaging and
games like Sims. None of the female students played racing or war games on their
computers.
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When asked whether they use the computer for anything other than games, they said
they sometimes email their friends and check homework that their teacher posts on the
World Wide Web (WWW). The time they spent on the school-related tasks were about
10 to 30 minutes a week compared with the 10 to 15 hours spent on games.

One student reported that as soon as she gets home, the first thing she does is log on to
the computer and start talking to her friends. When asked about her homework, she
said she talks and does homework at the same time. Four students in the group said
that they post an away message and then do their homework.

We asked the students what they expected the tutoring system to behave like before they
started, and they all said they thought it was going to be a game. They also said that a
game would be more fun. When asked whether they can think of the system as a teacher
instead of a game, they said they probably can do it, but would rather play a game. These
ideas are captured elegantly in a statement by a seventh grader from the focus group
currently using the system:

When I sit down at a computer, I think of all the fun things I could be doing like games and talking
to my friends, so I try to finish any other work as fast as possible so I can return to my games and
talking.

At the conclusion of the short pilot test and focus group, the students were asked how
they enjoyed using the system, and they all reported that they had learned something
new. They also were surprised to hear about how texts were organised and felt they
would use them in their reading and writing. However, they all said that they would
rather play games on the computer than learn. They also stated that they sometimes
do ‘work’ on the computer, but that is usually for short periods of time.

Discussion

There are three areas of interest in these results. First, the computer affordance for our
sample population was clearly that of a gaming and communication tool. As reported
earlier, these participants all had computers in their homes. When we interviewed
students in the school that did not own computers at home, they appeared much more
receptive to learning from the computer.

Second, Harp and Mayer (1998) have referred to ‘seductive details’ in learning envi-
ronments that distract from the learning experience. Research has shown that when
learners are faced with peripherally related or unimportant information about course
content, they are distracted and perform poorly. Students with low prior knowledge and
limited metacognitive skills are more distracted than their counterparts who have prior
knowledge and the metacognitive skills to tell the difference between the important and
unimportant details of their learning activity.

This brings us to a dilemma: games may be interesting and somewhat educational, but
at what point are they more destructive to the learning environment than useful? Not
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all learning materials should be or can be formatted into a game to gain the attention
of learners. Our topic of reading comprehension is complex and requires the learners
to engage their minds in the process. So it is important to help students move from their
‘gaming’ affordance of a computer to a learning affordance to aid in their acceptance
of the system.

Third, what techniques can be useful to help the students see the computer as more
than a gaming tool? Two techniques were created to gradually move students to a
learning affordance of a computer for our continuing research programme.

1. Students are given an introduction by the teachers that the intelligent tutor was
going to be like a teacher and that they should expect the system to behave like a
classroom experience. They were also told that they would get rewards when they
reach critical milestones in their tasks. We also introduced additional incentives and
motivational components (special fireworks-like display when they completed all
lessons for one structure) to encourage the students to actively participate in using
the system.

2. Metacognitive modeling by the intelligent tutor was also incorporated to focus on
using the computer as a learning environment. The modeling included good prac-
tices in reading comprehension and using the Structure Strategy.

3. A third technique of adding a game at milestones during the ITSS program is being
considered for future enhancements to our program.

Finally, these three techniques are only the beginning of a long-term strategy and
discussion on how we approach the mismatch in K-12 learner affordances of computers
and instruction. These concerns are not limited to K-12 learners but are evident in
undergraduate and graduate students as well. The next study shows how undergradu-
ate and graduate students enrolled in web-based distance learning classes managed
their computer use and how they were affected by their computer affordances.

Research study 2: chat rooms in online learning environments

Two reasons prompted us to conduct this research study. First, we wanted to investigate
the efficacy for learning of conversations in two types of online chat rooms. We com-
pared agenda-driven chat room discussions versus social chat room discussions for
depth of discussion, cohesion of conversations, and compared test scores of students
immediately after. Second, distance learning environments have been growing at expo-
nential rates. However, all research justification for continuing to propagate them
comes from the ‘no significant difference’ studies showing that they are no worse or no
better than traditional face-to-face learning environments (adapted from Lockee, Bur-
ton & Cross, 1999). But the real questions are not being considered and include:

1. whether we are doing some long-term damage to students’ approach to learning;

2. whether students are actually engaging less in learning;

3. whether the whole learning process has changed; and

4. whether we need to train students to adapt to the new cognitive demands of the
learning environments.
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Are students who have grown up using computers to play games and communicate
more likely to view web-based learning environments as extensions of these affordances
and engage their minds less in problem solving and other higher-order tasks?
‘Computer-based tasks often involve high cognitive load that might be susceptible to
interference from interruptions’ (p. 21, Baecker, Grudin, Buxton & Greenberg, 1995 in
Speier et al, 1999). Are students keeping multiple windows open and having multiple
conversations while engaging in a web-based discussion or chat room? How much time
and concentration does it take to synthesise and really contribute to the discussion?

The second study sprang from these concerns. The research questions were:

1. What affordances do computers have for undergraduate and graduate students?

2. What techniques (cognitive and metacognitive) are used by successful students in
managing their online learning experiences?

3. What roles do chat room discussions play in online learning environments?

Participants

A total of 77 undergraduate and graduate students enrolled in three different online
classes participated in this study. The classes were in undergraduate nutrition education
(two sections, with 21 and 22 students in each), undergraduate information technol-
ogy (19 students), and graduate safety science (15 students); 41 participants were men
and 36 participants were women. All the classes were designed by the same instruc-
tional designer and were orientated towards problem-based learning. Each 15-week
course had approximately 10-12 learning modules. Each module was organised
around a problem that the student had to solve using the resources and scaffolds
provided by the instructor.

In each class, we introduced both agenda-driven- and social chat rooms (Wijekumar,
2001). In 15-week semesters, we conducted five agenda-driven chat rooms and five
social chat rooms. The agenda-driven chat rooms had questions posted by the instruc-
tor, and students were asked to prepare their thoughts for the chat room. The instruc-
tors then followed a round-robin pattern to ask questions from the learners and provide
feedback.

An example of a discussion question from the Safety Science class agenda-driven chat
was, ‘what methods can be used to reduce workplace violence?’ Students were given 3
days to research the question and be ready for a focused discussion in the chat room.
In the social chat, there were no agendas posted and discussion was frequently about
social topics and sometimes about course requirements (details about projects that were
due, etc).

Method
In order to compare discussion and learning outcomes, three independently trained
raters coded all of the postings from chat rooms and examined the test scores of the
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students. The coded chat room discussions showed statistically significant differences
in the contents of the agenda-driven chat rooms compared with those of the social chat
rooms. Students in the agenda-driven chat rooms had deeper thoughts about the topics
and more cohesive discussions about the content.

Next, we compared how much students remembered about topics that were discussed
in the agenda-driven chat room versus the social chat room. Test scores were not
significantly different for within-subjects comparisons of test performance. Even though
the students in the agenda-driven chat rooms had significantly higher quality discus-
sion (depth and cohesion) than the social chat students, we found that the recall of the
discussion was a problem. The same group of students did not recall much from any
type of chat conversations.

To delve deeper into why this phenomenon emerged, we interviewed four undergradu-
ate students who performed well on the recall and four undergraduates who did not.
The eight students were selected based on their performance in the tests and prior
experiences with computers. Four students who remembered over 90% of the chat
discussion were chosen. Two of the students reported they had over 10 years of experi-
ence using computers and use them daily. Of the four students who performed poorly
in the recall of the chat discussion in the test (remembered less than 50% of content),
three said they had used computers for over 10 years.

Students were interviewed about their activities in the online class. Specific interview
questions included:

1. How many windows do you have open on your desktop when you are working in
your online class?

2. What windows are usually active?

3. When you are conversing in a chat room, what other windows do you have open?

4. How much of the chat discussion do you read and how easy is it to synthesise the
information?

5. What do you think you gain from the chat discussion?

Students were also asked specific questions about recent chat discussions to determine
whether they actually remember information from the discussions.

We interviewed these eight students immediately after the agenda-driven chat room
concluded and they had completed a test on that discussion. The discussion was about
nutritional supplements, their effects on users, the effects of advertising on the usage
of the supplements, and general questions about the class.

Results

All five participants with extensive computer experience used computers to play games
and communicate with colleagues. Each had from 6 to 10 windows open on their
desktop while doing any task. They included a web browser, two or three instant mes-
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saging windows, notepad/wordpad, and sometimes a game. They all stated that they
multitask and switch their attention between all windows. When conversing in a chat
room, they still continued to talk to other friends.

All students felt that the social chat rooms that were impromptu with student-initiated
questions fell into two categories. The first type of discussion was social and did not have
much to do with the course content but made them feel at ease with the instructor and
colleagues. The second type of discussion was about grades and questions about specific
tasks with which they were struggling.

All students felt that the agenda-driven chat room was focused towards learning. They
explained that it felt like a classroom environment.

There was a clear pattern in three of the multitasking users’ recalls. All were disjointed
and missed many details of the conversations. Examples of the disjointed recalls and the
well synthesised recalls are described next.

The two students who were novices at computer usage recalled twice as much infor-
mation from the chat discussion as their multitasking counterparts. They also tended
to organise their recall in themes that were similar to the instructor’s content
organisation.

Instructor: What supplement did you research?

Student A: Ginkgo Biloba

Instructor: Interesting, why did you pick this one?

Student A: I saw some advertisement saying that it improved memory so I picked it.
Instructor: What did you find?

Student A: I went to www.blueprintforhealth.com Gingko has been most commonly used to

improve blood flow, treat memory loss, dizziness, and ringing in the ears. It can
cause nausea and headaches, and is not suggested for use by those who suffer
from allergies or hemophilia.

Student A: www.webmd.com Ginkgo may decrease the chances of conception by interfering
with normal hormones. Gingko has also been used to increase lung inflamation,
but may result in excessive bleeding to those who are taking blood thinners.

Student A: www.intelihealth.com Gingko has not been reviewed by the FDA. Because of this,
their is a lack of information concerning the effects of taking Ginkgo Biloba in
conjuction with other drugs.

Student B: I think my mother takes that supplement.
Instructor: Does it help?
Student A: www.fda.gov Gingko Biloba has been said to be a memory enhancer because it

has been tested on people with alzheimer’s disease and showed positive results.
But, it has not been tested on people who do not suffer from this disease. There-
fore, there is no evidence which suggests that Gingko also promotes good mem-
ory for the average person.

Instructor: Student A, do you think this is a useful supplement?

Student A: I was completely unaware that Gingko Biloba has negative effects on people with
hemophilia and similar diseases. And it was shocking to me that it may also have
negative affects on allergy suffers.

Instructor: Have you changed your opinion about it?
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Student A: Before doing this research, I was under the assumption that Gingko was an
entirely good thing. But, after see the number of affects it can have on people, I
feel that the number of negative effects of taking this supplement outweigh the
positive ones.

As shown in the sample discussion above , the novices outlined that there were four
themes in the discussion. The first was how Gingko was portrayed in the advertisement
as helping memory. Second, that the research showed that it worked with Alzheimer’s
patients but not proven in healthy humans. Third, that the possible negative effects of
abnormal bleeding and allergies would be cause for concern. And finally, he also sug-
gested that another student said his mother used the supplement.

Similarly, two of the computer-literate students who turned off the chimes on their
Instant Messaging (IM) programmes and posted away messages when participating in
the chat room remembered most of the discussion and organised their recall effectively.

On the other hand, three students with high computer skills and multiple windows open
during their chat room summarised the discussion as ‘Gingko can be ok for most people
but can be dangerous’. Even when the interviewer prompted them for more informa-
tion, they did not recall any of the specific details from the discussion.

These multitasking students were asked whether they were affected by their multiple
conversations at the same time as their class chat rooms. They all reported that they
did not feel interrupted or distracted in having 6 to 10 windows open and carrying on
multiple conversations at the same time.

The one computer novice who performed poorly on the recall said that he had difficulty
in reading all the postings and making sense of the discussion. He felt that the conver-
sations on the agenda-driven chat room were more organised but still did not flow
smoothly. This particular student was the first to request the logs of the chat rooms to
be posted to the course web site. This allowed him to sort through the discussion and
gather his thoughts on the topic without time constraints.

The discussion above continued with another student asking questions about whether
this information would be on the next exam, and other students chiming in on periph-
erally related information like ‘the FDA really should look at these types of claims more
carefully’ followed by another student saying ‘the FDA cannot be reviewing everything,
that is why there is a backlog for them’. This type of interaction in a short time frame
requires students to process lots of information. The student suggested that the chat
discussion put all the participants in one level of importance. He also said that in a
traditional classroom, the teacher is usually in the role of the moderator and his/her
presence was set apart from the presence and contributions of the students. However,
in the chat room, all participants posted to the same text window, and even though the
teacher’s name was clearly visible, all postings competed for his attention with equal
weight.
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Result on computer affordances

The outcome of the tests, interviews with the students (high and low recall), and survey
data collected at the beginning of the class all suggested that these students viewed
computers as communication tools (to instant message friends, email colleagues), as
gaming tools, and as resources for completing homework. One graduate student noted,
‘I think I am different because I do not talk to everyone all the time on IM. When I am
in the library or lab reading on the Internet, I see almost everyone else there talking to
friends.’

Most of the undergraduate students reported using IM to talk to friends during the time
they entered the course chat room, and some even reported continuing to play games.

Similar to our first study participants, this group of undergraduate and graduate online
learners also saw the computer as a communication and gaming tool. Their affordance
of the computer prompted them to multitask even at the expense of their learning.

Discussion

This study shows that undergraduate and graduate students enrolled in these online
classes did use the chat room for learning. However, the students who had used
computers for a long time tended to have multiple windows open on their desktop
and then believed they were not affected by the multitasking. The results of their
recall showed that their synthesis of the chat room was actually disjointed and quite
incomplete.

Salomon and Almog (1998) report on a phenomenon called the ‘Butterfly Defect’ that
can be caused by fractured knowledge building in hypermedia environments. The recall
of the chat room discussion by the multitasking students can be an example of this
concept.

The students who were novices and those that turned off their multiple windows syn-
thesised the chat discussion quite differently. They organised their summaries very
effectively and remembered twice as much information as their counterparts did.

Based on these findings, we introduced two elements to the online classes we developed.
First, students were advised on how they should manage their learning in these online
environments. They were given a written handbook that told them to limit the numbers
of windows on their desktop, allocate time and concentrate on one task at a time, and
try to summarise their understanding of the chat conversations to check their
knowledge.

Second, the instructor posted the chat logs after they were edited to organise the dis-
cussion. This helped students go back and check their understanding and organisation.
This method also helped the novice student who had difficulty reading the fast-paced
chat discussion and synthesising all the communications in the short time frame.
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General discussion

Computer technologies are here to stay, and are being used by young and old. However,
the computer’s affordance for these two groups is different. The studies reported here
show that our participants in K-12, undergraduate, and graduate settings are more
likely to play games, talk to friends, and multitask in the computer environment.

This research has started the process of answering the questions reported earlier.

1. Are we doing some long-term damage to students’ approach towards learning?
Students’ orientation towards learning is different when computers are present
because students in these studies say they multitask and attend to playing games
and communicating while learning. Thus, the primary, learning task is interrupted
and competes for memory with the secondary tasks like games and communication.
In fact, the learning task may become secondary to the task of communicating with
friends. Task switching increases the complexity of the learning situation and taxes
cognitive resources, such as working memory, ultimately leading to poorer perfor-
mance on learning tasks in the laboratory (eg Baddeley, 1996; Callicottet al, 1999).
The second study in an authentic academic learning situation suggests that stu-
dents remember less from their learning when they multitask. Some focus group
students from the first study also said, ‘Why do we have to remember anything
anymore? We can always look it up’. This is another phenomenon that needs to be
investigated. Pea (1985) has suggested that computer tools can be used to promote
higher-order tasks while delegating the low-order, simple number crunching tasks
to the computer. This statement from the focus group students makes us wonder
whether Pea’s hypothesis holds true for these learners.

2. Are students actually engaging less in learning? There is some reduction in the
time spent on task versus other activities. However, Golub (2004) suggests that
before computers allowed students to counteract boredom by playing games, read-
ing emails, and instant messaging, others were distracted by crossword puzzles,
doodling, and making up games, and their time spent on tasks was not any higher.
However, the new tools on the desktop like instant messaging demand more atten-
tion and can be initiated by external sources and limit the engagement of the learner
(Grinter & Palen, 2002).

3. Has the whole learning process changed? The studies reported here suggest that the
computer affordances for the students are that of a gaming or communication
environment. The learning process has changed. However, the long-term strategy
may be to take advantage of the communication tools and games to help the students
learn.

4. Should we train students to adapt to the new cognitive demands of the learning
environments? The options are to train the students to adapt to the new cognitive
demands or adapt to the learning environments to capture the affordances. Either
option is limited by the current technologies. A combination of both approaches is
probably a good compromise. Learners (specially those with poor metacognitive
skills) should be educated about where and when they can use the technologies
effectively and how they can most effectively and efficiently switch their focus from
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the gaming mode to a learning mode. Technologies can be designed to engage the
students through games but then gradually move them to a learning affordance.
Technologies can also adapt to learners’ motivation and stress levels to improve
learning.

5. Finally, are students who have grown up using computers to play games and com-
municate more likely to view web-based learning environments as extensions of
these affordances and engage their minds less in problem solving and other higher-
order tasks? Is there a way to take these students’ familiarity and preference for
instant messaging and tweak it towards evaluation, analysis, and application to
enhance learning? Further research will need to focus on answering these
questions.

Conclusion

When constructing learning environments for K-12 and older student, designers,
researchers, and teachers must look to balancing gaming and learning, engagement
and distraction, and concentration and interruptions. The change from the gaming
affordance to the learning affordance can play a critical role in learning outcomes and
must be addressed immediately. Addressing the affordance issue can make the differ-
ence between a future society that can innovate and produce versus people who cannot
think without a ‘game’.

Notes

1. This research is funded in part by a research grant from the US Department of Education,
Institute of Education Sciences. More information on our intelligent tutoring project is avail-
able at http://itss.br.psu.edu/
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