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ABSTRACT:

This exploratory study sought to discover if transition year students interacting with
the computer simulation game “The Incredible Machine” could enhance their
mechanical reasoning abilities. Related research suggests many educational benefits
of computer simulation games. Students worked as groups of 3 or 4 in a collaborative
environment. The study followed the structure of a pre-test/post-test control group
design. Mechanical reasoning ability was measured using the Differential Aptitude
Test for Guidance. An analysis of pre-test and post-test results revealed no significant
improvement between the experimental group and the control group. However
interesting gender differences were discovered.  Significant differences in favour of
male participants were discovered in the t-test analysis of both pre-test raw scores and
post-test raw scores. No significant difference in the amount of improvement made
by males and females in the experimental group was revealed. Observation, together
with student feedback provided some evidence of differing pattern of mouse usage,
reactions to the game, interactional styles, and strategies used by the groups.
Recommendations for further research studies are made.

1 INTRODUCTION

“The mind, in order to cope with the world, must fulfil two functions. It must gather
information and it must process it” (Arnheim, 1969). Alexander (1996) maintains that
"what knowledge learners possess is a powerful force in what information they attend
to, how that information is perceived, what learners judge to be relevant or important,
and what they understand and remember”.

“The education system has a major role to play in equipping students and other
learners with the computer literacy and other skills which will be important in the
emerging Information Society’(Micheal Martin TD, Minister for Education and
Science). The education system must endeavour to develop the intellectual abilities
necessary for an individual to deal effectively and efficiency with incoming stimuli.
The intellectual abilities, that enable an individual to perceive, judge, reason, analyse,
interpret, evaluate, manipulate, discern, consider and assess incoming stimuli.

2 THEORIES OF LEARNING

The philosophy of learning, that proposes learners need to build their own
understanding of new ideas, has been labelled constructivism. According to the
contructivist perspective, understanding develops in the course of active involvement
with the environment, by individuals who must assimilate and accommodate
experiences into existing schemata. Both Piaget and Vygotsky stress the importance



of interaction with others as an essential element in cognitive change. Piaget
(Wadworth 1979, Beard 1969, Piaget 1963) accorded a special role to cognitive
conflict. He purports that when an individual is confronted with different points of
view this person must reflect on his’her own set of beliefs, compare his’her idea with
those of others and as a consequence, restructure and refine his’her schema. The
Piagetian School stresses the role of group conflict resolution in knowledge
structuring.  Vygotsky (Moll 1990, Vygotsky 1978, Hedegaard 1990) hypothesised
that cognitive change involves internalisation and transformation of what was created
during interaction with others. Vygotsky placed emphasis, not on what the child
could do alone but what the child could achieve with help, through the interaction
with others. While working within this zone of proximal development the learner
actively constructs knowledge based on his/her personal experiences.

An Exploratory Study

This exploratory study attempted to examine the potential relationship between
a computer smulation game and mechanical reasoning abilities. Three main
guestions were addr essed:

Can the use of a simulation game enhance mechanical reasoning skills?

Do males and females differ in their performance on mechanical reasoning measures
before and after interacting with the game?

What effect had the grouping of students and the resultant group processes have on
the participants learning outcomes?

Mechanical Reasoning Skills

Mechanical reasoning measures the ability to understand simple physical principles
like leverage. According to the manual for the Differential Aptitude Test, the
objective of the Mechanical Reasoning Test is to “measure the ability to understand
basic mechanical principles of machinery, tools, and motion”. (The Psychological
Coporation, 1995)

Mechanical ability (Hegarty, Just, and Morrison 1988) is associated with a person’s
understanding of how machines work, the ability to build a machine out of its
elementary components, and the ability to determine why a machine is not working
correctly. It is maintained that in order to understand a machine in this way, there are
three qualities a person must possess, the ability:

to identify the main components of the machine

to know which properties of these components are relevant to their function in the
system and which are irrelevant

to understand how these components interact to accomplish the machine’s function.



Sex Differences

Previous research (Cronbach 1984, Harvey 1985) notes that gender may influence
performance on mechanical reasoning tests. Cronbach (1984) notes that “mechanical
reasoning shows a much stronger sex difference than spatial tests; boys are about one
standard deviation ahead of girls throughout high school”. A study of science in
mixed teaching groups by Harvey (1985) concluded that on “knowledge based tests
boys and girls performed the same but on mechanical reasoning and evaluation of
data the boys perform better”.

Computer Smulation Games

Computer simulation games have been defined in many different ways. Avedon
(1982) defines a game as "a self contained social structure that embodies a formal
contest of powers between two or more forced in opposition, confined by procedures
and rules in order to produce a disequilibrium outcome'. Alessi and Trollip (1991)
write of simulation "In an educational context, a simulation is a powerful technique
that teaches about some aspect of the world by imitating or replicating it".

There has been a great deal of speculation concerning the possible beneficial effects
of computer simulation games as an aid to learning. Computer simulation games
provide a safe and secure environment where one can experiment(Alessi and Trollip
1991, Clayson 1982). There are seen as aiding motivation (Malone 1981, de Jong
1991). Simulation games are instructionally useful (Wood and Stewart, 1987), they
bridge the conceptual gap between reality and abstract knowledge (de Jong, 1991), aid
in the construction of accurate and appropriate mental models (Wild 1996), enhance
critical thinking skills (Rivers and Vockell, 1987) and assist in improving spatial
abilities (Gagnon 1985, McClung 1992, Lowery and Knirk 1982/83). Other
educational benefits attributed to these games are the improvement of abstract
reasoning skills (Wood and Stewart 1987), the development of deductive skills (Shaw
1991) and parallel processing skills (Greenfield 1984).

A Criticism levelled at simulation games is that they are “rooted in a set of baseline
assumptions’ (Friedman 1994). Users are rewarded for finding the strategies built in
by the games designers (Funk and Buchman 1996, Turkle 1997). Turkle (1997)
identifies a new class of skills "readership skills for the culture of simulation”. These
skills are necessary to assist users in understanding and challenging the simulations
built in assumptions. Users must learn to "measure, criticise and judge" what they are
learning.

Another criticism levelled at computer simulation games is that they are male
dominated domains (Grundy 1996). Grundy (1996) attributes this to the differing
levels of attraction that games have for boys, the different levels of confidence with
which the sexes approach the games and the social context in which they are played.
Gender imbalance is socially constructed according to Shashaani (1994) and is
exasperated by sex biased software. Researchers (Gagnon 1985, McClurg and Chaille
1987) found that male roles were more dominant than female roles and Biraimah
(1989) documents the fact that male characters were depicted in a wider variety of
professions. Provenzo (1991) contended that game content contributed to gender
differences in time spend playing computer games. Funk and Buchman (1996) purport
that the content of computer games “may trigger gender stereotypes’.



3 METHODOLOGY

The research consisted of a pre-test/post-test control group design. A number of
sources of data were examined: pre-test and post test results, participants observations
and teachers observations. Analysis is both quantitative and qualitative.

Differential Aptitude Test

Mechanical reasoning ability was established by pre-testing all participants using the
mechanical reasoning section of the Differential Aptitude Test for Guidance. The test
utilised is a standardised test that is currently in use and has been widely tested and re-
tested on large samples of population. The test is highly correlated with success in
specific occupations and areas of study. The test chosen consists of problems, which
are at an appropriate difficulty level for the students while allowing measurement of a
range of individual differences in performance. Inthis study the pre-test and post test
has been administered by a career guidance teacher.

The test consists of 60 Mechanical Reasoning problems. Students are given 25
minutes to complete the test. All of the questions are multiple choice requiring a
selection among three response alternatives. The test utilises pictures about which
short questions must be answered. Where a question contains two or more pictures
the candidate are instructed to assume that the pictures are exactly the same except for
one detail. The test assumes no technical knowledge other than familiarity with
common tools and mechanical relations that can be gained through everyday
experience in modern industrial society. The test itself contains items pertaining to
many aspects of mechanics such as levers, gears, pulleys, wheels, bouncing balls,
force, movement, speed and direction. Questions require reasoning rather than special
knowledge.

The group members

Forty-eight transition year students participated in the exploratory study, which was
conducted in a Vocational School. Included in the study were 17 females and 27
males. All students had completed the Junior Certificate Examination in June 1997.
Students from both urban and rural backgrounds were enrolled. Two class groupings
were involved. Both groups were the same size, age profile, gender make up, ability
mix and socio-economic make up. The students were from predominantly working to
middle class families, typical of the community. All students had prior hands-on
experience with the computer equipment in the school, but were unfamiliar with the
particular software being used. One class served as the experimental group. Students
in this group received training using a simulation game. The other class served as the
control group. These students followed their normal classes. This structure is being
used so a valid comparison can be made between pre-tet and post-test results.
Difficulties arose due to absenteeism. All students did not complete the pre test, post-
tes and training components. As a result the statistical analysis is based on the
number presented in Figure 1. Only students who fulfilled the requirement are
included.



Experimental group Control Group
Total Number 23 students 18 students
Male 15 students 10 students
Female 8 students 8 students
Age Range 15-16 years 15-16 years
Ability Mixed Mixed
Present Status Transition Y ear Student Transition Y ear Student
Computer All  students have Dbasic All students have basic
Experience experience Experience
Academic Completed the Junior Certificate | Completed the Junior
Achievement in 1997 Certificate in 1997

Figure 1 Group Profiles
The Game - The Incredible Machine

The selection of the software was guided by severa considerations, the user interface
had to be of alevel of difficulty appropriate to the target audience, the activity had to
be regarded as engaging and motivating and the activity had to have a mechanical
reasoning component.

The Incredible Machine consists of a collection of mechanical type puzzles that
become progressively more difficult as the user move through the list. The puzzle can
only be solved with a goal directed exploration of the simulated system. The main
play area presentsthe puzzle. It contains numerous objects and gadgets, such as cogs,
buckets, electric plugs, conveyor belts, gravity mats, electric motors, walls of various
shapes and sizes. In order to achieve the objective of the game (e.g. put the ball in the
basket, get Mel home, launch the missile) the player must identify the key object (i.e.
Mel, the ball or the missile) run the game and observe what occurs. It is through this
observation that the player decides his’her strategy to solve the puzzle.

The player must try to achieve the game's objective by incorporating some of the
tools from the parts bin into the game scenario presented. This process involves
judging angles, connecting up motors and cogs, pipes and raising and lowering lamps.
Bouncing, spinning, floating, falling, squirting, exploding, jumping and sparking are
attributes of the object and gadget the player must handle in her/his quest to solve the
puzzle. “Users manipulate pulleys, pinwheels, bouncing balls, spark plugs, and even
gravity and air density as they play” (McLester, 1996). “Y oungsters will indulge their
compulsion to tinker with 150 puzzles, all solved by manoeuvring conveyors,
switches, pulleys, levers, falling balls, and mice in treadmills’ (White, 1996).

The Procedure

All students were pre-tested using the Mechanical Reasoning Test of the Differential
Aptitude Test for Guidance, which none of them has encountered previously. This
paper and pencil test was carried out one week before students began using the game.
An experienced guidance counsellor, who followed all the guidelines contained in the
manual, administered the test.



Students in the experimental group were given a brief introduction to the game — The
Incredible Machine. The experiment took place under conditions, which in most
respects resembled the normal pattern of classroom activity. Both Piaget and
Vygotsky emphasised the fundamental role that social interaction plays in the
development of intellectual skills and knowledge structures. To facilitate social
interaction, students worked as groups of 3 or 4 on a computer activity. Previous
research indicated that students working in a group have a significant positive effect
on the individual student’s behaviour and learning (Webb, Ender, Lewis, 1986).
Increased academic success (Slavin 1984, Light and Mevarech, 1992) enhanced self
esteem (Mc Dougdl & Simple1995; Light and Mevarech, 1992) improved
motivation towards learning, enhanced cognitive processes, meta-cognitive skills and
social development (Light and Mevarech, 1992) have all being identified as benefits
of peer collaboration. The teacher acted as a facilitator of peer collaboration and
taught on a need to know basis only. The experimental procedure deviated from
normal classroom practice in the software used.

The students were randomly assigned to groups. Students allocated were members of
the same class, the groupings took no account of the students’ relationships with one
another or their previous experience of working together. Random assignment
resulted in 2 mixed groupings and 5 single sex groupings. The procedure used was to
assign each class member a number between one and seven. The number assigned to
the individual determined the group that person was assigned to.

It was made clear that once a group was established, students must continue to work
in that group until the end of the training session. During this project, in a scaffolded
approach to teaching using a simulation game, the students were deliberately provided
with just sufficient initial instruction to let them commence solving puzzles. They
then went on to discover solutions through their own efforts. They constructed their
own knowledge. When they reached the limit of their knowledge, they could seek
assistance. In this environment, they could seek assistance from other group
members, neighbouring groups, system hints, or the teacher. These elements acted as
the scaffold, supporting the learner in the zone of proximal development.

Each group worked with the game during three further hour-long sessions. To
facilitate analysis part of the sessions were recorded on video. Students in the control
group were given no training. In order to limit the effect of this they were promised a
number of sessions with the game next term. They followed their normal classes.

Following the experimental period all students were then post-tested, using the same
test as the pre-test. The success of the computer simulation in enhancing mechanical
reasoning was ascertained by an analysis of pre-test and post-test scores.

4 RESULTS OF ANALYSIS

An independent t-test to test the hypothesis that the pre-test mechanical reasoning raw
scores of the experimental and the control groups were equal was carried out. The
calculated t value was .35. When this is compare with the critical value of 2.02 a 5%
significance level and 39 degrees of freedom the hypothesis is accepted. There is ho
significant difference between the mean pre-test scores of the experimental group and
the control group.



The following chart (Figure 2) facilitates a visual comparison of the pre-test and post-
test raw score of the experimental group.

Figure 2
A comparison of pre-test and post-test raw scores in the experimental group.
(Series 1 = Pre-test score and Series 2 = Post-test score)

Figure3
Mean result of pre-test, post-test and overall improvement
for the experimental group and the control group.

Pre-test (S.D.) | Pogt-test (S.D.) | Improvement (S.D.)
Experimental(n = 23) 37.22 (11.75) | 42.35(9.95) 5.13 (5.345)
Control (n= 18) 36.11 (7.37) 38.22 (6.84) 2.11 (3.93)

Note: Standard deviation is in brackets

Figure 3 shows the mean and standard deviation of pre-test, post-tet and
improvement scores for both the experimental and the control group. A paired t-test
was carried out to test the hypothesis that the pre-test and post-test means on the
mechanical reasoning test of the experimental group were equal. The calculated t
value was 4.60. This proved greater than the critical value for t (2, s Of 2.07. The
hypothesis was therefore regjected. There is a significant difference between the pre-
test and post-test scores on the mechanical reasoning test of the experimental group.

A paired t-test was carried out to test the hypothesis that the pre-test and post-test
means on the mechanical reasoning test of the control group were equal. The
calculated t value was 3.10. This proved greater than the critical value for t (17, sos) Of
2.11. The hypothesis was therefore rejected. There is a significant difference
between the pre-test and post-test scores on the mechanical reasoning test of the
control group. This may be as a result of the group taking the same test within a
relative short period of time.

An independent t-tet was carried out to test the hypothesis that the mean
improvement in the experimental group was equal to the mean improvement in the
control . The calculated t value was 2.01. The critical t value at 5% significance level
and 39 degrees of freedom was 2.03. As 2.01 is less than 2.03 we accept the




hypothesis that the improvement in both group was equal. It is noted that the
difference in average improvement between the experimental and the control groups
is borderline in terms of statistical difference.  When the mean improvements raw
scores are examined the experimental groups mean is 3.019 greater than the control
group. However at a 5% significance level this does not transfer to datistical
significance.

Gender Differences
Figure4

Mean result of pre-test, post-test and overall improvement
for males and females in the experimental group

Pre-test (S.D.) Pog-test (S.D.) Improvement (S.D.)
Males (n = 15) 41.47 (9.48) 46.00 (7.30) 4.53 (5.25)
Females (n = 8) 29.25 (12.02) 35.50 (11.06) 6.25 (5.70)

Figure 4 shows the mean and standard deviation of pre-test, post-test and
improvement scores for both the males and females in the experimental group. In
order to test the hypothesis that there is no difference between the pre-test score of
girls and boys, an independent t-test to compare the pre-test mechanical reasoning raw
scores for the boys and girls was carried out. The calculated t-value was 2.69 and the
critical value at 5% significance level and 21 degrees of freedom is 2.08. As the
calculated value 2.69 is greater than the critical value of 2.08, the hypothesis is
rejected. Male participants displayed significantly higher levels of mechanical
reasoning ability than females on pre-test scores.

In order to test the hypothesis that there no difference between the post-test score of
girls and boys, an independent t-test to compare the post-test mechanical reasoning
raw scores for the boys and girlswas carried out. The calculated t-value was 2.75 and
the critical value at 5% significance level and 21 degrees of freedom is 2.08. As the
calculated value 2.75 is greater than the critical value of 2.08, the hypothesis is
rejected. Male participants displayed significantly higher levels of mechanical
reasoning ability than females on post-test scores. Girls performance on the
mechanical reasoning test is still lower than boys but their performance in relation to
boys has improve slightly as indicated by a mean difference of 10.5 on post-scores as
opposed to 12.2167 on pre-scores. These findings are in line with previous research
(Cronbach 1984, Harvey 1985), which found that gender influenced performance on
mechanical reasoning tests.

In order to test the hypothesis that the improvement in test score is the same for both
boys and girls, an independent t-test to compare the mean differences between pre-test
and post-test score for both boys and girls was carried out. As the calculated t value
of .73 is less than the critical value t =2.08 for 21 degrees of freedom at a 5%
significance level, we cannot reject the hypothesis. There is no significant difference
in the improvement level between boys and girls in the experimental group.

To examine the hypothesis that the mean improvement in mechanical reasoning of
boys in the experimental group between pre-test and podt-test is not significant, a
paired t-test was carried out. The calculated t-value was 3.34 and the critical value at
5% significant level and 14 degrees of freedom was 2.15. The hypothesis is therefore




regjected. There is a significant improvement in boys mechanical reasoning when
comparing pre-test and post-test results.

To examine the hypothesis that the mean improvement in mechanical reasoning of
girls in the experimental group between pre-test and post-test is not significant, a
paired t-test was carried out. The calculated t-value was 3.10 and the critical value at
5% gignificant level and 7 degrees of freedom was 2.36. The hypothesis is therefore
regjected. There is a significant improvement in girls mechanical reasoning when
comparing pre-test and post-test results.

To examine the hypothesis that the mean improvement (Figure 5) in mechanical
reasoning of boys in the control group and boys in the experimental group are equal, a
independent t-test was carried out. The calculated t-value was 1.26 and the critical
value at 5% significant level and 23 degrees of freedom was 2.069. The hypothesisis
therefore accepted. There is no significant difference between the mean improvement
for boys.

To examine the hypothesis that the mean improvement (figure 5) in mechanical
reasoning of girlsin the control group and girls in the experimental group are equal, a
independent t-test was carried out. The calculated t-value was 1.59 and the critical
value at 5% significant level and 14 degrees of freedom was 2.145. The hypothesis is
therefore accepted. There is no significant difference between the mean improvement
for girls.

However an examination of raw scores in figure 5 reveals a noticeably higher mean
improvement of both sexes in the experimental group.

Figure5
Mean Improvement of boys and girlsin both
The control group and the experimental group

Mean (S.D.)
Experimental Group —Boys | 4.53 (5.249)
Experimental Group — Girls | 6.25 (5.701)
Control Group —-Boys 2.20 (3.15)
Control Group — Girls 2.00 (4.98)

Note: the standard deviation is shown in brackets.

Group Performance

To test the hypothesis that the mean improvements (Figure 5) in all seven groups
within the experimental class were equal, an analysis of variance was carried out. The
calculated F value was 1.0626. The critical F, 16 )value at a 5% significance level
was 2.74. The hypothesis is therefore accepted. There is no significant difference in
the mean improvement between groups. However if we examine the group mean
improvement raw scores (Figure 6), it is clear that the mean improvement of group 3
while not statistically higher is noticeable higher than the other group.



Figure 6
Group details with mean improvement

Group | No of Students | Group Mean

1 3 Mixed 5.6667

2 3 Male 4,0000

3 3 Female 10.6667 *
4 3 Mixed 3.0000

5 4 Mixed 5.7500

6 4 Male 1.2500

7 3 Male 6.6667

* group with highest mean improvement

The difference is clear on examination of the bar chart representation of the raw
means (Figure 7). Another interesting observation is that group 3 is the only all
female group in the selection.

Figure7
Comparisons of mean improvement between groups

In order to test the hypothesis that the mean improvement in the differing types of
group i.e. mixed, male and female were equal an analysis of variance was carried out.
The calculated F value was 2.19. The critical Fp2ovalue at a 5% significance level
was 3.49. The hypothesis is therefore accepted. There is no significant difference in
the mean improvement between the differing types of groups. However it is worth
noting (Figure 8) that the mean improvement in the both the mixed and male
groupings is consistently lower than in the female group.



Figure 8
Comparison of mean improvement between differing group types

To test the relationship between the pre-test scores and the improvement in those
score in the experimental group, the correlation coefficient was calculated a -.5394.
There proved to be a negative correlation between the pre-test scores and the
improvement in those scores but the relationship is not very strong.

Qualitative Analysis

Daily observations of student behaviour while interacting with the software coupled
with student feedback and an analysis of video footage taken during the experimental
sessions provide some indirect evidence of group processes as students struggled to
complete the puzzles.

Patterns of Mouse Usage

Teacher observation regarding the pattern of mouse usage was interesting. In female
groupings a system of turn taking was employed. One student explained “The mouse
was passed so you got your turn in order e.g. first me, then A, then G, and then back
to me”. The students kept control of the mouse until a puzzle was solved and then it
was passed on.

In male groupings different strategies of mouse control were used. While all students
acknowledged that all group members could have control of the mouse, turn taking
did not follow the same rigid structure of the female groupings. Instead a male
student explained that “everyone got aturn in our group at the mouse. When you got
to solve a puzzle you got control of the mouse”. There was much more switching of
the mouse observed between male group members. It appeared from observation and
video footage that male group members demanded use of the mouse when they had an
idea. Other male members were not so willing to relinquish control easily so often the
chant of “give me the mouse, give me the mouse” could be heard. While they were
aware that it was the group project and worked as a group sharing ideas and offering
suggestions, within this group structure they wanted the prestige of having solved the
puzzle. This seamed to be a motivating factor. This behaviour was confined to male
groups only.

In mixed groupings the teacher observed that male members displayed the same
desire to dominate through control of the mouse. A female member of a mixed



group explained that A (male) took control of the mouse. She rationalised this saying
that this was not a conscious group decision but “It was just that he knew how to
solve most of the puzzles'.

Sudent reaction to the game

The majority of female participants expressed a didike for the game. The reasons
given were they “though it difficult” and “boring, especially when you got stuck on a
puzzles for along time”. A female student giving her opinion on the game concludes
“it was more interesting for boys than girls because a lot of girls aren’t interested in
machines’. Provenzo (1991) contended that game content contributed to gender
differences in time spend playing computer games. Funk and Buchman (1996) purport
that the content of computer games “may trigger gender stereotypes’. Shashaani
(1994) identified sex-bias software as a barrier for girls being motivated to use
computers. Researchers (Gagnon 1985, McClurg and Chaille 1987) reported that sex-
typed themes produce a significant decrease in positive educational outcomes for
females.

In contrast the majority of males participants liked working with the game. The
explanations given were “it stimulates the mind”, it is “interesting”, “good fun and
enjoyable’, “difficult and challenging”. Males “liked the way things linked and work
everything else”, “it was great when we got it right” and called for alot more difficult
puzzles. Male students who disliked the game said that it was “dull and repetitive and
counting on luck as well as skill” and that a broader range of puzzle levels was
required.

Teacher observations concur with this feedback. The majority of female participants
lost interest in the game. In the female group discussion while initially on the game
and strategies to solve it turned to topics extraneous to the game while they waited for
their “turn”. In mixed groups the female member took a passive role. The teacher
observed that female in a mixed group setting sat on the boundaries of the group.
Male groupings interacted effectively with most of the discussion and activity focused
on the task in hand, rather than on extraneous topics. The male students persisted
with the task much longer than the females. Edwards (1997) found the opposite. He
observed that girls worked somewhat more autonomously and doggedly than did the
boys, who tended to call for help often and did not aways persist with their work
while waiting for it to arrive.

Gender differences were apparent in the features of the game the sexes identified as
good. Female students liked the cat and mice because they were “funny”. They liked
the colour. Male studentstook a different view of the cat —they liked “killing the cat,
the mouse and man”. The identified “Blowing up things’ or “Exploding up things’,
as positive features of the game. This concurs with the findings of Funk and Buchman
(1996) who concluded that boys were more likely than girls to list human violence
games as favourites. Males also relished the prospect of “something unexpected
happening”. Malone (1981) found in his research that children preferred games,
which contained an element of unpredictability.



Group Interaction

Subjective observation of the experimental group suggested several trends. The
majority of participants seamed to enjoy working with partners in the group format.
Student feedback on group work was very positive. Students, both male and female,
perceive the benefits of group membership as “we helped each other”. Students
identified other benefits of group membership as giving them a “better chance of
finishing a puzzle”, opportunities to “discuss difficulties with the group” and a chance
to “ask advice of others’. Generally they noted that group work made “it easier
because if you didn't know what to do someone else did”. However it should be
noted that while the majority liked working as part of a group student feedback
suggests that a number of student would have preferred to work alone. One female
student working in a mixed grouping cited the dominance of her male partners as a
deterrent to group work. Her preference for individual work was due to the fact that
“the boys worked out the puzzles and | didn’t know where they got it”.

Male students uniformly showed great enthusiasm and pride when they solved a
puzzle. This was reflected in the verbal exuberance displayed by male groupings on
completing a puzzle. There was a great deal of discussion and verbalisation while
working, with lots of exciting commentary about the progress. They expressed great
satisfaction and happiness at completing a puzzle. As the experimental sessions
processed an element of competition entered the classroom. Male groupings in
particular started to compare their performance with one another.

From teacher observation, differences in the patterning of interaction between the
various group types was evident. Mixed groupings tended to work in a constrained
restricted manner. For example, in one mixed group, consisting of two males and two
females, it was observed that the group split along gender lines. The feedback of one
group member highlights this “The boys worked well together. We just watched most
of thetime”. The teacher observed that interaction in mixed groupings was generally
very poor. Discussions and social interactions were kept to a minimum. In contrast
in the single sex groupings discussions between group members was more plentiful.
It was also evident from video analysis and observation that not only did student use
talk to get their point across but they also use hand gestures, such as pointing at the
screen, to convey their message to other group members.

From observation there appeared to be a difference between the male groupings and
female groupings in term of interaction style. Members of male groupings tended to
be more forceful in getting their message across and were observed to use more
aggressive gestures e.g. snapping the mouse and the language used was more assertive
and decisive. These finding are consistent with the work of Edwards (1997) who
observed that boys made derogatory comments about their partners and other groups
with some frequency. In the present study, females were observed to be more
sensitive to other group members and appeared less aggressive in their tone and in the
gestures used eg pointing at the screen. These findings are in line with those of
Sutherland and Hoyles (1988) who found girls worked more co-operatively than boys,
and did not fight for control within their groupings. Edwards (1997) aso found that
girls worked in a more consensual fashion than the boys, discussing their plans
together before acting.  Siann and Macleod (1995) identify boys aggressiveness at
terminals as responsible for gender differences. Tolmie and Howe (1993) noted that



male pairs, female pairs and mixed pairs while progressing equally in understanding
differed markedly in interactional styles. Turkle (1984) hypothesises that the differing
interactional styles are aresult of cultural influences.

Strategies used to solve the puzdes

It is clear from the evidence that the interactional styles of students differed.
However, student feedback suggested the strategies employed to solve the puzzles by
all groups were basically the same. In an attempt to solve the puzzles, groups took a
goal oriented approached using “trial and error” or “experimentation”. Another term
used to describe the strategy was a “common sense’ approach. Typical of the
feedback was the response of one student who described the strategy as “Find out
what | had to do. Ran it. Considered what had to be done. Then added what | thought
was going to work”. While identifying this as their approach students recognised that
the process helped in the solving of subsequent puzzles. One student explained “if we
got it wrong, we tried again. We learnt from our mistakes”. To reach the goal the user
had to acquire knowledge about basic concepts, facts and rules of the simulated
domain. It required the user discovering appropriate moves and drawing conclusions
from observing their effects.

S SUMMARY

There are a number of findings to be highlighted from this study. An analysis of pre-
tex and pod-test scores revealed no significant difference between the mean
improvement of mechanical reasoning skills in the experimental group versus those
students in the control group. However interesting gender differences were revealed.
Significant differences in favour of male participants were discovered in the t-test
analysis of both the pre-test raw scores and the post-test raw scores. No significant
difference in the improvement made by males and females in the experimental group
was revealed. The only all female group in the experimental class displayed a
noticeably higher mean improvement than all other groups, although not satistically
significant. Through observation and feedback, it was evident that the interactional
styles of the various group types i.e. male, female and mixed, were quite different.
Mixed groups were very constrained in their interactions with one another. Male
members tended to dominate. The female group, while less constrained in their
interactions, took a very consensual approach to group dynamics e.g. turn taking with
the mouse. Male groups were very vocal in their interactions with one another and
were more aggressive in the language and gestures used. A marked gender
difference in reaction to the game was also noted. Females tended to dislike the game
whereas males  displayed a vey positive atitude  to it.



Implications and Recommendations

This exploratory study has produced a number of interesting points. The scale of the
study imposed certain limitations on the conclusion that can be draw both from the
statistical analysis and the qualitative analysis. While many of the findings reached
statistical  significance, other proved inconclusive and some were based upon
subjective analysis of both the researcher and the students. It is not enough to use a
simulation game in the classroom, which appears to have potential benefits. These
potential benefits must be firmly backed by previous findings and meticulously
research. Moreresearch is need in this area

This study was exploratory and so had certain limits imposed upon it. Further
research needs to be carried out using a larger sample size to aid statistical analysis.
As the study was carried out in a particular school it is impossible to generalise the
findings. To this end the study need to be replicated in different educational settings,
to determine if the results and conclusions draw can be generalised. Different types
of schools need to be included, in different localities, with different student
populations.

A major limitation of the study was the restricted interaction time students had to
work with the game. Research in needed to further explore if the time element is an
influential factor on the training of mechanical reasoning ability.

The group of students participating in this study ranged in age from 15 to 16 years.
To determine if age is a contributing factor to mechanical reasoning training the study
should be replicated using student of different age group.

There is a belief that mechanical reasoning is influenced by an individuals spatial
awareness. It could prove interesting to examine the validity of this theory. A study
that focused on the correlation between a person’s mechanical ability and their spatial
awareness might prove interesting.

The measure used to determine mechanical ability was the mechanical reasoning
section of the Differential Aptitude Test for Guidance. Perhaps other studies may use
different measures or use a combination of measures.

There appears to be implications for software designers. Training using the game —
The Incredible Machine - seems to have an impact on mechanical reasoning ability.
However, not al students were motivated or enjoyed playing the game. In particular,
female students found the game “boring”. There is an onus on software designer and
educatorsto try and provide software that not only trains abilities but also has a broad
appeal. To avoid alienation of female user, software must appeal to them and engage
them. If it isunable to achieve these goals, it will be ineffective.
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