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Simulation-gaming is a highly cost-effective means for facilitating learning 
and performance. From theoretical and empirical standpoints, there is a 
sufficient basis to support use of simulation-gaming strategies to help 
people achieve desired outcomes (Renaud, 1987; Sauvé, 1985). This 
paper introduces a somewhat original concept, the FlexGame, and 
provides fundamentals as well as a useful model for instructional designers 
to employ FlexGaming in their design/training efforts. It describes the 
application of the FlexGame in a technical training setting where safety is a 
major consideration. Often, the content and instructional methods used in 
this type of training is dry. There is limited use of "gaming" techniques to 
help motivate and retain learning. This paper offers one relatively simple 
means for livening up learning, increasing retention and improving 
technical and safety performance. 

 
The Concept of FlexGame 

 
A FlexGame contains all the attributes of a game: an artificial structure 
(Simon, 1974), conflict, a set of rules that govern player behavior and a 
closure mechanism or "win" rule that terminates the activity and allows for 
winners to be declared (Stolovitch, 1981). It also possesses one more 
attribute. It can be reutilized with varying content, without requiring any 
modifications to the game itself. In this way, it bears similarity to 
Thiagarajan's concept of the FlexSim (Thiagarajan, 1986). A major 
difference, however, is that a FlexSim remains constant in its content. It is 
in the use made of the FlexSim (for example in the type of debriefing 
questions asked), that variations occur. The FlexGame, on the other hand, 
allows for new learning content to be loaded into the structure at any time. 

 
The FlexGame is also different from the frame game concept (Stolovitch & 
Thiagarajan, 1980; Stolovitch, 1984). A frame game is essentially a 
structure upon which a variety of content can be loaded to produce an 
endless variety of new games. Materials, objectives, appearance, even 
scoring system and procedures may vary extensively from one adaptation 
of a frame game to another. The FlexGame is far more stable. It never 
varies in appearance, rules or scoring system. The debriefing strategy 
remains essentially the same. All that varies is the content. Its key 
advantages are: 
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 A readily adaptable structure to a wide variety of content. 
 

 An easy-to-use tool. Once the game procedure has been mastered, no 
time is required for reuse with new content. 



 Loading of new content is easy for instructional designer or instructor 
(even learners). 

 
 As with all well designed games, it is a motivating tool that fosters learning 

and performance (Stolovitch & Keeps, 1991). 
 
Table 1 illustrates the difference between FlexGames, FlexSims and Frame 
Games. 
 
Table 1. Characteristics of FlexGames, FlexSims and Frame Games 
 
 Stable Stable Stable Stable Stable 
 Content  Structure      Appear-     Rules Debrief- 
   ance Roles, ing 
    Scenarios, Structure 
    Scoring 
    Systems 

FlexGames  x x x x 

FlexSims x x x x 

Frame Games  x 

 

Technical skills training is not renowned for the entertaining nature of the content. 
When paired with safety information, the result can be one of detail and tedium. 
This was found to be the case in several heavily technical-safety courses at 
Canadian Pacific Railway (CP Rail). The challenge was to create instructional 
vehicles that could "lighten" the content and increase both learner motivation and 
participation. 
 
Previous research and development activities suggested that simulation-gaming 
offered a promising means for overcoming the negative characteristics learners 
were attributing to technical and safety content and thus improving their retention 
of the subject matter. Stolovitch and his colleagues have been experimenting 
with simulation gaming over the past twenty years to attain a number of learning 
and performance objectives. They have based their research and development 
activities on theoretical and empirical foundations laid down by such pioneers as 
Kurt Lewin (e.g. Lewin, 1951) and his model of action research and laboratory 
training, Jean Piaget (e.g. Flavell, 1963) with his model of learning and cognitive 
development and John Dewey (e.g. Dewey, 1938,1958) and his model of 
experiential learning. All have suggested that considerable benefits can be 
derived from experiential activities similar to those that Vanasse, Stolovitch and 
their colleagues have been creating with their simulation-gaming structures. They 



have concentrated on building frameworks that are readily adaptable to a wide 
range of learning and performance contexts (Stolovitch & Thiagarajan, 1980). 
They have designed and tested means for chaining these together to build 
extended learning and performance vehicles (Stolovitch, 1984). They have also 
laid out means for structuring debriefings to gain optimal benefit from the gaming 
experiences (Stolovitch, 1990). From an empirical perspective, their game design 
efforts have demonstrated effectiveness in improving learning and performance 
with respect to safety attitudes and behaviors (e.g. Renaud & Stolovitch, 1988) 
and proficiency in regulations applications (e.g. Stolovitch, Keeps & Kerr, 1988). 
They have even demonstrated that games can be used as a dynamic testing 
vehicle to identify prerequisite abilities (Stolovitch, Keeps & Okros, 1991). 
 
In the present context, the requirement was for a means to help a variety of 
railway employees retain the learning of technical skills and safety 
rules/precautions and apply these to work situations. From an analysis of the 
learners, content from various learning modules and the training/work context, 
the authors designed and developed a prototype FlexGame entitled "Stop 'n Go". 
 
 
Stop 'n Go 
 
The Stop 'n Go FlexGame consists of a number of elements. The most salient of 
these is the gameboard. This gameboard, as shown in Figure 1, features a 
railroad track. The game path is illustrated with track circuits, switches, tunnels 
and crossings -- all familiar symbols to the target population. The track circuits 
appear in the background of the path and the game squares in its foreground. 
The "Start" square is the employee headquarters and appears in the middle of 
the board. One city station has been placed in each corner of the board. Various 
symbols such as question marks (to select a question card), asterisks (to select 
"luck" cards) and triangles (to roll dice again) are randomly placed on the 
gameboard. 
 
The objective of the game is to visit each of the four cities and collect along the 
way one hard hat, one pair of safety boots, one pair of safety glasses and one 
training diploma. Players also collect or disburse tokens as they proceed through 
the game. Stop 'n Go comes to an end when one player who has visited the four 
cities, collected four safety items and amassed ten tokens returns to 
"Headquarters". 
 
Along the way, players respond to questions thus gaining tokens (or losing them 
for incorrect answers). Tokens can be used to purchase safety items or take 
short cuts to cities. 



Figure 1. Stop 'n Go Gameboard 
 

 
 

The Stop 'n Go FlexGame allows for endless reuse. Although it can be employed 
to teach new content, it is especially useful for reviewing previously acquired 
knowledge. In early trials, it was tested with such content as: company policies, 
railway rules, definitions, nomenclature and troubleshooting procedures. There is 
no maximum number of players. The game can be played by individual players, 
player pairs, player teams or even groups of players. By changing the content of 
the question cards, the purpose of the game can be altered (e.g. from fact recall 
to simple application, advanced application, judgement or even complex problem 
solving). A timer can be added to limit how long players have to respond to game 
challenges which can range from answering questions, to drawing circuits to 
interpreting plans. Even more components such as transparencies, train 
simulators, etc. can be integrated into the game to increase demands on player-
learners. 
 
Normal playing time is 45 - 90 minutes. The basic game is played with 2 to 4 
players (or player teams). Basic materials include: 1 gameboard, 1 train game 
piece per player/team, 200 tokens, 4 hard hat cards, 4 working boots cards, 4 
safety glasses cards, 4 training diploma cards, question cards, luck cards and 
dice. The game leader distributes 10 tokens to each player/team, places question 
and luck cards on the board and directs players to set their tokens on the 
Headquarters square. Players throw the dice to proceed along the tracks to the 
cities, answering questions, following directions and accumulating tokens and 
safety items. 



Evaluating the Effectiveness of the Stop 'n Go FlexGame 
 
Does the FlexGame work? Does it result in learning and performance? To 
answer these questions, an experimental trial of the FlexGame was designed 
and conducted within the constraints of the railroad operational setting. 
 
Purpose of the experimental trial: To verify the effect of the FlexGame in terms 
of its impact on mastery of instructional content including technical information 
and safety procedures within a normal training setting. 
 
Subjects: 23 subjects enrolled in the Basic Maintainer Training program (Signals 
and Communications Department). The program lasts 8 weeks and includes 18 
courses. Subjects must complete the program to qualify as an S & C maintainer. 
All subjects had completed 4 weeks of training (10 courses) prior to the game 
trial. All subjects were male, 20 - 35 years old. All had 2 - 5 years of service with 
the railway. Ten of the subjects had no experience in the content area. Fourteen 
of the subjects had 3 months to 2.5 years experience working with a maintainer 
in some capacity. 
 
Procedure: The instructional content from two courses (Made Ground Networks 
and Switch Circuit Controller) were selected as content for the FlexGame 
evaluation. The reason for the selection was the relatively large number of 
trainees who took these during the year. Other than sufficient numbers of 
subjects to test the game, no other criteria were applied for content selection. If 
the FlexGame was to demonstrate effectiveness, content selection had to be 
relatively random. 
 
Subjects were divided into two groups (11 and 12) and randomly assigned to 
treatments. Because there are only four trainees per class, each of the groups 
were divided into sub-groups of 3 - 4 subjects. Requirements for successful 
completion of courses was identical for all subjects. 
 
The experimental design selected for testing the Stop 'n Go FlexGame was the 
posttest-only-control-group design with cross-over (Stolovitch, 1979) as shown in 
Figure 2. 
 

Figure 2. Experimental Design 
 
Group 1 
Subgroup A 

 B Courses Game (X1)  Posttest 1(01) 

 C 

 
Group 2 
Subgroup D   

 E Courses -------------- Posttest 2 (02) Game (X2) Posttest 3 

 F 



Subjects in Group 1 took the courses, played the game (X1) and then completed a 
posttest (01). Subjects in Group 2 took the courses and then completed a 
posttest (02). Subjects then played the game (X2) and took a second posttest 
(03). All posttests contained questions on the identical content. The order of 
questions, however, varied from one test to another. It is important to note that 
each posttest was made up of 2 subtests, each one covering the content of a 
course (2 courses). 
 
At the conclusion of the experiment, all subjects were debriefed using the 
following questions: 
 
 
1. Did you enjoy playing the game? 
2. Did you find the game childish? 
3. Did you feel you learned something from playing the game? If yes, what? 
4. When do you think is the best time during training to play the game? The 

worst time? 
5. What did you like most about the game? 
6. What did you like least about the game? 
7. What improvements would you make to the game? 
8. Would you like to play Stop 'n Go again? 
9. Do you have any other comments to make? 
 
Results 
 
The design permitted two experiments to be conducted: 
 

 A posttest-only-control group study 
 
Group 1  Game (X1) Posttest 1 (01) 
 
Group 2  Posttest 2 (02) 
 
 A pretest-posttest study 
 
Group 2 Posttest 2 (02)  Game (X2) Posttest 3 (03) 

(which is really 
a pretest) 

 
 
For the FlexGame to demonstrate an effect, the following hypotheses must be 
confirmed: 
 

 01 > 02 

 03 > 02 

 01 = 03 



 
Experiment 1: To test for differences between the two groups (01 versus 02), an 
analysis of variance was conducted (F test) on each subtest and on the means of 
both subtests combined. One important assumption of the F test is that variances 
of results in each group must be homogeneous, although the F test is particularly 
robust against departure from this assumption especially when sample sizes are 
similar. Nevertheless, a test for homogeneity was conducted. Table 2 shows the 
results of the F test and test for homogeneity. 
 

Table 2: Results of F Test and test for homogeneity 
 

 Subtest 1 Subtest 2 Mean (1 + 2) 
Descriptive statistics Mean (S.D.) Mean (S.D.) Mean (S.D.) 

Group 2 (02) 89.3 (12.5) 93.7(4.3) 91.5(7.4) 

Group 1(01) 90.0 (10.0) 97.3(2.6) 93.6 (5.8) 
 
 
 
Tests for homogeneity 
of variances Results (p =) Results (p =) Results (p --) 

Cochrans C .61 (.47) .73(11) .62 (.43) 

Bartlett Box F .50 (.48) 2.4 (.12) .58 (.45) 
 
 
F test for effect of .02 (.89) 5.45 * (.03) .55 (.46) 
treatment (df 1, 21) 
 
(* significant difference at p <.05) 
 
The F test demonstrates that there is a significant difference between the two 
groups for subtest 2 with the experimental (game) group having significantly 
better results. This difference is important to note especially because of the 
already high scores and the restrictions imposed by the ceiling effect. There is no 
significant difference between groups on the combined test scores. The 
Cochrans C and Bartlett Box F tests do not show any significant differences in 
the homogeneity of groups. 
 
Experiment 2: To test for differences pre and post game play (03 versus 02) for 
group 2, an F test for repeated measures was applied. Table 3 shows the test 
results. 
 
The repeated measures F test demonstrates that there is a significant difference 
between combined pre-and posttests (02, 03). This difference appears mainly 
due to differences in subtest 1 (p = .07). 



Table 3. Results for within group comparison 
 

 Subtest 1 Subtest 2 Mean (1 + 2) 
Descriptive statistics Mean (S.D.) Mean (S.D.) Mean (S.D.) 
 
 

Group 2 (02) 89.3 (12.5) 93.7(4.3) 91.5 (7.4) 
Group 3 (03) 96.7 (7.8) 95.4 (4.9) 96.0 (5.6) 

 Results (p =) Results (p =) Results (p =) 

F test for effect of 3.97 (.07) 1.69 (.22) 5.07 * (.046) 
treatment (df 1, 11) 
 
(* significant difference at p <.05) 
 
 
In addition to the two "experiments", a comparison was made between the two 
groups after both had played the game (01 versus 03). Since Group 2 had taken 
the test twice, it could be assumed that they might remember items from the 
pretest. Lack of a difference between groups on the final posttests (01 and 03) 
should suggest that the groups were equivalent at the start and that play of the 
game explains most of the better results obtained on the final posttests. Table 4 
presents the results of this comparison. 
 
Table 4. Results of the between groups comparison posttests (01, 03) 
 
 Subtest 1 Subtest 2 Mean (1 + 2) 
Descriptive statistics Mean (S.D.) Mean (S.D.) Mean (S.D.) 
 
 

Group 1 (01) 90.0 (10.0) 97.3(2.6) 93.6 (5.8) 
Group 3 (03) 96.7 (7.8) 95.4 (4.9) 96.1(5.6) 

 

Tests for homogeneity 
of variances Results (p =) Results (p =) Results (p =) 
 
Cochrans C .62 (.43) .78 (.04)* .52 (.91) 
Bartlett Box F .59 (.44) 3.8 (.05)* .01 (.91) 
 
 
F test for effect of 3.28 (.08) 1.22 (.28) 1.04 (.32) 
treatment (df 1, 21) 
 
(* significant difference at p <.05) 



Despite the slight problem caused by the apparent lack of homogeneity in 
subtest 2, the similarity of means suggests that the results of the F test would not 
vary greatly with data transformation. The result of the F test shows no significant 
differences at the p <.05 level between groups after playing the game. 
 
 
Discussion 
 
The effect of playing the game is seen mostly in subtest 2 for Group 1 and 
subtest 1 for Group 2. This may be due in part to the generally high scores 
obtained on all tests. The constraints of the operational setting made it necessary 
to play the game after subjects had had intensive class training and had been 
examined on course content. Additionally game content was restricted to 
examination content only. This most likely accounted for the high posttest scores. 
The operational setting also reduced the freedom to randomize subjects. 
Differences between groups may have affected the final outcome. 
 
Despite these limitations, differences in means as well as in the distribution of 
results seem to confirm the effect of playing the Stop 'n Go FlexGame. The 
means are consistently higher and the variances consistently lower on the final 
posttests. This suggests that more individual subjects were achieving a higher 
level of mastery on most or even all of the content after playing the game. 
 
The player responses to the debriefing questions also shed light on the potential 
of the FlexGame for learning and performance. Players expressed very positive 
attitudes toward the Stop 'n Go game. They were unanimous in rating the game 
enjoyable. None of the subjects found the game "childish" as anticipated by 
some technical trainers. An unobtrusive indicator of the game's attractiveness 
was that after completing the experimental posttests, several subjects asked the 
instructor for the game and proceeded to play while waiting for the remaining 
subjects to complete their tests. 
 
Subjects reported that the game helped them to better deal with and understand 
test questions. All found the game "challenging". Most subjects found the luck 
cards amusing and said that it added to the enjoyment of the game. The game 
version used for the evaluation was a prototype version. Subjects suggested that 
more color be added as well as common features found in a railway setting (e.g. 
coffee shops, bunk houses). 
 
 
Conclusions 
 
What the results of this study suggest is that the FlexGame can make a 
contribution to learning and post course performance (at least in a simulated test 
setting). The FlexGame also lends itself easily to adaptation to a wide variety of 
course content and learning levels as demonstrated by the relatively arbitrary 
selection of game content for this experimental trial. 
 
 



Games and simulation games have long demonstrated their utility in facilitating 
learning and performance. The downside has been that there are no games for 
most topical areas, especially in such content domains as technical and safety 
training for highly specific settings. Game designers are not readily available in 
most training/performance environments to create new games. Even frame 
games require considerable design and development to build suitable 
adaptations. The FlexGame offers a viable solution to the problem of game 
design and adaptation. It need only be created once. From there on in, it only 
requires content loading (easily done by an instructor) to meet new 
content/learning/performance demands. 
 
Stop 'n Go is an example of a FlexGame. It adapts easily to a wide variety of 
technical/safety content for the railway. In a field experimental setting, it has 
demonstrated that it can increase mastery over content. 
 
The study of the effect of a FlexGame reported in this paper is obviously limited 
and should be viewed as a preliminary test of the FlexGame concept. 
Nevertheless, despite numerous adverse conditions (small sample size, 
restrictions on when the game could be played, restrictions on content, limitations 
on randomization), the Stop 'n Go FlexGame demonstrated impact. More study 
of this potentially useful learning and performance tool is warranted. 
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