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a b s t r a c t

A first-person shooter video game was adapted for the study of
causal decision making within dynamic environments. The video
game included groups of three potential targets. Participants chose
which of the three targets in each group was producing distal
explosions. The actual source of the explosion effect varied in the
delay between the firing of its weapon and the effect (from 0 to
2 s), whether these programed average delays were constant or
varied from shot to shot, and whether the delays were unfilled or
filled with an auditory event. In Experiment 1, participants’ choice
accuracy was highest with shorter delays, but there was no effect
of filling the delay and some beneficial effect of varying the delay.
These results were re-examined in Experiment 2 but with partici-
pants experiencing the same average delay for seven subsequent
decisions before the next average delay was introduced. In this
experiment, men showed a strong and consistent benefit of filling
a delay whereas women did not. Participants’ behavior is consid-
ered within the context of a model that assumes that choice behav-
ior is driven by experienced contiguity for the target and foils.

� 2009 Elsevier Inc. All rights reserved.
Physicians, soldiers, scientists, and laypeople all make judgments of causality. A surgeon searches
for the cause of inflammation in her patient’s throat, a military commander tries to ascertain possible
sources of gunfire on his squad’s position, and a student attempts to discern the set of behaviors that
will produce the highest grades. Each of these judgments may involve direct, delayed, or distal causa-
tion. Often, these types of judgments have been studied using either descriptive scenarios (e.g., Lilje-
holm & Cheng, 2007; Mandel & Lehman, 1998) or with discrete events with no dynamic character (e.g.,
Kruschke & Blair, 2000; Shanks, 1985; Wasserman & Berglan, 1998). It has become increasingly appar-
c. All rights reserved.
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ent, however, that theory development has been limited by an over-reliance on static, point-event
cues as causes and effects in empirical studies of causal judgment (for reviews see Allan, 1993; Danks,
2005; Young, 1995). Although there are studies of the perception of events occurring in real-time (e.g.,
Guski & Troje, 2003; Kerzel, Bekkering, Wohlschlaeger, & Prinz, 2000; Kiritani, 1999), theories of real-
time causality are sparse and not broadly accepted (Leslie & Keeble, 1987; Schlottmann & Anderson,
1993; White, 1988). The present project evaluates a broad conceptual framework regarding the role of
time in causal judgment (Young & Falmier, 2008a, 2008b; Young, Rogers, & Beckmann, 2005), extends
studies of causal judgment into complex dynamic environments, and provides empirical constraints
on future formalizations of theories of this behavioral process.

We are examining the thesis that causal impressions are heavily influenced by the temporal rela-
tionship between candidate causes and the effect (Gallistel & Gibbon, 2000; Young et al., 2005). His-
torically, the ability to predict an outcome has focused on covariation because nearly all of the
empirical research features contemporaneous events with the same duration. In other words, these
earlier projects have focused on whether the outcome will occur because time was an irrelevant
cue. We are positing that it is important to predict whether the outcome will occur and when it will
occur. If the time of occurrence relative to the effect is short and consistent, there are two advantages.
First, it is harder for spurious non-causal events to intervene between the cause and its effect. Second,
a consistent delay implies a consistent causal mechanism; variable delays would need to explained by
assuming the action of other factors.

Our study was designed to address three questions: (a) will prior results involving delays and the
efficacy of delay fillers obtain when the task involves multiple candidate causes and fillers with over-
lapping extent, (b) does trial-by-trial delay variability undermine or improve causal decisions or the
efficacy of delay fillers, and (c) can these questions be studied within the complex dynamic environ-
ment experienced in a first-person-shooter video game thus generalizing the potential applicability of
laboratory findings?

Delayed causation in dynamic environments

In the field of the psychological study of causality, researchers often distinguish between causal
perception and causal judgment or induction. In typical studies of causal perception (i.e., involving
the assessment of a causal interaction between two dynamic objects), only one possible cause of an
effect is observed at a time. An observer is usually asked to judge the strength of the causal impression
obtained after each observation (Buehner & McGregor, 2006; Michotte, 1946/1963; Scholl & Nakay-
ama, 2002; Yela, 1952). In typical studies of causal judgment, however, multiple causes are present
for each observation, their temporal relationship to the effect is constant, and judgments are based
on multiple observations that are either experienced or aggregated (Cheng, 1997; Waldmann, Holy-
oak, & Fratianne, 1995; Wasserman, 1990).

When there is only one possible cause, the observer has no trouble discerning this cause even in the
presence of a delay; any consistently experienced delay is often filled with hypothetical events to
bridge between the cause and its eventual effect in an attempt to explain the delay (e.g., in psychology,
hypothesized mental events are the basis for a wide range of theories). When there are multiple causal
candidates and delayed causation, however, the situation can become quite confusing. Delays compli-
cate judgment because the lack of temporal contiguity between the real cause and its effect creates the
opportunity for the other candidates to, by chance, occasionally occur closer to the effect than the true
cause. This increased proximity of foils (i.e., events that are not causes) can lead to judgment errors. It
is our concern that examining delayed causation without multiple causes underestimates the problem
of delays.

In pilot studies in our laboratory, we attempted to adapt Michotte’s commonly used launching de-
sign (in which a single object appears to approach, contact, and launch another) to study delayed cau-
sation and multiple causal candidates. Unfortunately, when people observed multiple objects
approaching another at similar or different times, their naïve physics knowledge dictated their expec-
tations – the direction of action was assumed to be linear such that any object that approached from a
different angle was judged less likely to have caused the launch, and delayed action after contact was
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deemed implausible. Instead, we adapted a video game with the expectation that (a) people would be
more accepting of unusual causal relationships in a computer-simulated environment, (b) the con-
stant flow of events (rather than trial-by-trial presentation) would better reflect real-world situations
involving complex event dynamics, and (c) participants would find the game environment more
engaging.

In our game, participants moved about a virtual environment and came across groups of three pos-
sible causes (monsters known as ‘‘orcs,” each firing a crossbow-like weapon) of an explosion in that
region of the game. Although all three orcs were firing their weapons at random times throughout
the game, only one of the orcs was creating the nearby explosions. The participant’s goal was to ob-
serve the three orcs for as long as they deemed necessary and then to choose the actual cause of the
explosions; a choice consisted of shooting the target until it was destroyed, a process that required
eight shots.

Delayed causation: fillers and variability

It is widely known that causal impressions wane when either the distance or the temporal delay
between the cause and the effect increases. These gaps in time and space appear to necessitate a desire
to fill them with a series of hypothetical events for a temporal gap or objects for a spatial gap (Buehner
& May, 2003; Gruber, Fink, & Damm, 1957; Young & Falmier, 2008b). Thus, a possible method of alle-
viating these effects is to present an explicit bridging event that fills this gap; the cause will be fol-
lowed by this bridging event that will, in turn, be followed by the effect (Reed, 1992, 1999; Young
& Falmier, 2008a; Young et al., 2005). The effectiveness of these bridging events, however, might hinge
on their ability to tie together a cause and its effect. Within the context of multiple candidate causes
and an effect, the increased difficulty of distinguishing among the complex array of events may under-
mine the potential efficacy of bridges.

The present project examined the differential effectiveness of an auditory stimulus as a causal
bridge. In addition to attempting to fill delays with bridging events to decrease the detrimental effect
of cause-effect delays, we also manipulated the variability of the delays. From a causal mechanism
perspective, variable delays should prove harder to discern and produce less confidence in a judgment
because hypothetical or real events that might bridge a delay are assumed to unfold in a consistent
manner. We believed, however, that people might prefer a candidate cause that was more often con-
tiguous to the effect than other candidates and thus variability might improve causal judgments when
the average experienced delay was long. In Monte Carlo simulations of the effect of adding variability
on experienced contiguity, we discovered that highly variable long delays produced a larger number of
experiences of the true cause being more contiguous to the effect whereas consistent long delays pro-
duced more experiences of one of the foils being more contiguous (cf. Chelonis, King, Logue, & Tobin,
1994; Grace, 1996; Mazur, 1986, for empirical evidence of a preference for variable over fixed delays
to reinforcement).

In summary, if the results involving delay fillers in simple environments generalize to more com-
plex environments, then the presence of a filler should improve causal choice accuracy or shorten
decision latencies. In contrast, varying the delay may harm accuracy if participants believe constant
delays reflect consistent causal mechanisms or may improve accuracy if participants’ choices are
the result of the relative experienced contiguity of the causal candidates to the effect. Filling these
varying delays with events that vary along with the delay duration, however, may provide an explicit
mechanism by which the cause produces the effect and thus may offset any effects of delay variability.

The challenges of using a video game to study causal decisions

In pilot work using our first-person-shooter video game environment, we discovered that men of-
ten outperformed women. It was only due to the likely sex differences in prior video game experience
that we opted to examine sex as a predictive variable. Interestingly, we do not know whether these
sex differences are specific to our video game task or exist in other causal judgment tasks because
researchers do not routinely report sex effects. Colley and Comber (2003) reported a consistent differ-
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ence in the computer experiences between boys and girls that extends through high school. These dif-
ferential experiences may have profound effects on performance on any computer task. It is thus un-
clear whether our observed sex differences were due to a mediating variable like prior video game
experience (cf. Feng, Spence, & Pratt, 2007). Therefore, we performed a more extensive examination
of this issue in the present study by collecting demographic data on sex and video game experience,
both the amount and the type of prior experience. Feng et al. (2007) reported poorer performance by
women on a spatial attention task that was partly mediated by prior experience with video games,
especially action games like the one we use here. Additionally, laboratory-provided experience playing
action games has been shown to enhance spatial cognition and attention (Green & Bavelier, 2003,
2007). Thus, we also examined the types of video games typically played by our participants.

In order to present our manipulated variables within a video game, the game experience was di-
vided into multiple levels. A level consisted of entering the game environment (a landscape containing
hills, buildings, water, and seven trios of orcs, each spatially separated from one another), approaching
each trio of orcs, and making a choice of which ones to destroy in each trio. Once all seven correct tar-
gets were destroyed, the next level began – the environment reset with the same landscape but with
different weapon characteristics for the orc trios. Thus, each variable could be manipulated within le-
vel, with each trio possessing a different value for the independent variable, or across levels with each
trio possessing the same value within a level (e.g., the same level of delay variability) but with a dif-
ferent value for the next level. This game design is analogous to a traditional blocked design with some
variables manipulated within block and others manipulated across blocks. Although one could design
the game with a single level with a large number of trios (7 � 4 levels = 28 trios in our study), navi-
gation in such a complex environment increases the likelihood that participants would not find all
of the trios.

In Experiment 1, we investigated the relative efficacy of an auditory delay filler. Delays averaged
0.5, 1.0, or 2.0 s and varied across orc trios within a game level; across game levels, the programed
delays were either constant, had low variability (±25% from programed delay), or high variability
(±50% from programed delay). In Experiment 2, we replicated Experiment 1 but varied the delays
across game levels (e.g., every target orc in the second level had an average firing delay of 1.0 s, but
the variability around that delay differed across target orcs within the level with some having no var-
iability, some with low, and some with high).

Experiment 1

Method

Participants
A total of 39 introductory psychology students (20 male and 19 female) at Southern Illinois Univer-

sity at Carbondale received course credit for their voluntary participation.

Game environment and design
The Torque Game Engine (obtained from http://www.garagegames.com) was adapted as the plat-

form for game development. Torque’s first-person-shooter starter kit involves a rich world containing
hills, mountains, buildings, lakes, a crossbow that shoots exploding projectiles, and orc-like characters
(see Fig. 1). The terrain was modified to constrain the participants to the critical region and to create
effective targets of enemy weapon fire (buildings) while still allowing for free movement within the
local area. The critical variables modified the consequences of the orcs’ weapon fire. The weapon pro-
jectiles were not visible during flight because this provides an all-to-obvious causal link between the
cause and its effect.

The game world included four levels each containing seven separate regions with each region pop-
ulated by three visually-identical orcs (an example of three orcs in a region are shown in the top of
Fig. 1; the seven regions are shown in the bottom of Fig. 1 from a view above the terrain). For simplic-
ity, the orcs were stationary and oriented toward a target region (e.g., a building) that the player was
directed to protect.

http://www.garagegames.com


Fig. 1. Screen shots from the video game. Top: One trio (three potential targets) are shown as well as the outcome of one of
their weapons (an explosion on the surface of a building). Bottom: A top–down view of the relative positions of the seven trios
in the game’s landscape.
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Every 4 s (on average), each orc fired its weapon; an orc’s firing was noticeable from the recoil of
the weapon and an audible click although it may or may not have produced an explosion. Specifically,
the timing of each orc’s firing was uniformly distributed across the first 3 s of the 4 s interval. In each
3-orc region, the firing of one of the orcs (the enemy or target orc) produced contingent explosions in
the target region.

The player’s task was to identify the enemy orc that was producing the explosions and destroy it;
destruction of a single orc required eight shots because our pilot studies revealed that participants
showed greater discernment under these conditions because incorrect choices would lengthen the
game. The benefits of increasing the response requirement are prevalent in studies of animal learning
(Sacks, Kamil, & Mack, 1972). For a video clip showing a participant observing a trio, destroying a tar-
get (i.e., making a choice), and observing the consequences of their choice, see http://www.psychol-
ogy.siu.edu/bcs/facultypages/young/Research/Supplemental.html. This clip also shows a bird’s eye
view of the entire game region.

Table 1 shows the programed weapon delays and auditory filler for each of the seven trios of orcs in
each level. Level 1 contained no weapons’ delays and was used as a method for orienting the partic-
ipant to the game’s requirements and to assess his/her understanding. Level 2 contained constant de-
lays, Level 3 had low variability delays (±25% from programed delay, uniform distribution), and Level 4
had high variability delays (±50% from programed delay, uniform distribution). In Levels 2–4, the foils

http://www.psychology.siu.edu/bcs/facultypages/young/Research/Supplemental.html
http://www.psychology.siu.edu/bcs/facultypages/young/Research/Supplemental.html


Table 1
Experiment 1’s programed delay of target (first line of cell) and auditory consequences for target and foils (second line of cell).

Orc Trio Level 2 Level 3 Level 4
No Low High

A 0.0 2.0 0.5
Filled Unfilled

B 0.5 1.0 2.0
Filled Unfilled Filled

C 2.0 0.5 1.0
Unfilled Unfilled Filled

D 1.0 2.0 0.5
Filled Unfilled Filled

E 2.0 0.0 1.0
Filled Unfilled

F 0.5 1.0 2.0
Unfilled Filled Unfilled

G 1.0 0.5 0.0
Unfilled Filled
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(orcs with inactive weapons) shot weapons with the same auditory characteristics as the target. Order
of Levels 2–4 was counterbalanced between participants. Across levels we counterbalanced the choice
of which orc in each trio was the target, and their order (e.g., target on left, foil in middle, and foil on
right) was randomly determined for each trio separately for each participant.

For the filled constant delays, the delay was filled with an increasing sound of duration to match
the programed delay of 0.5, 1.0, or 2.0 s (dynamics and amplitude were maintained, but the frequency
was necessarily higher for shorter durations and lower for longer durations). For the variable delays,
the duration of the sound varied to match the programed delay. For example, for the 1.0 s high vari-
ability weapons, the true target’s actual delay to the explosion varied between 0.5 and 1.5 s and the
auditory filler’s duration varied to match. The foil fillers’ durations were randomly chosen from the
same 0.5 to 1.5 s interval on each shot but did not vary along with the target’s delay. The same ap-
proach was used for the other variability levels and delays.

Procedure
The participants were seated at one of four identically configured 1.25 GHz Mac Mini computers.

The participant first heard general instructions and then read more specific instructions. These
instructions alerted participants to the possibility of delayed effects (by describing the ammunition
as ‘‘timed grenades”) and directed their attention toward a blue progress bar that decreased with
every correct decision, thus allowing them to track their progress toward level completion. The
instructions included the following:

Today you will be participating in a video game experiment. You will be placed in a virtual village
being attacked by trios of orcs. The orcs will be firing timed grenades at the village buildings. In
each trio only one of the orcs (the enemy) is firing an effective weapon while the other two are
friendlies and firing duds. Your job will be to watch the groups and pick out the enemy that is caus-
ing the observed explosions and destroy the enemy with your crossbow. When you destroy the
enemy orc, the entire group will stop firing and the blue bar on the screen will shrink. If you
destroy a friendly, the explosions will continue and the blue bar will not move. Please pick another
target and continue firing on one of the remaining orcs until you destroy the enemy that is causing
the damage.

Once each participant indicated an understanding of the procedure, the experimenter started each
of the programs.

Upon completion of the experiment, the participants completed a demographic questionnaire ask-
ing their sex, self-rated video game experience during elementary school, middle school, high school,
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and college (Likert scale with zero indicating none, six indicating daily), and types of video games that
they play. Because a principal components analysis revealed no distinct roles for periods of experience,
we averaged across the four periods of experience and rounded in order to create six distinct catego-
ries of experience (0–5).

During game play, we recorded the time of occurrence for each shot that resulted in the destruction
of an orc. If the participant successfully destroyed the target orc first, the shot was considered a correct
initial choice. If they destroyed one of the two foils first, the shot was judged incorrect. We only report
the accuracy of the first choice (33% is chance) because subsequent analyses showed little discrimina-
tion for the second shot (where 50% is chance); participants appeared to have judged it unnecessary to
be discerning when choosing between the two remaining options. We also analyzed the amount of
time between the final choice for a trio (when the correct orc was finally destroyed) and the initial
(correct or incorrect) choice for the next trio (latency). This serves as a second measure of the relative
difficulty of choices. We do not, however, record what participants are doing during this time and thus
these decision latencies comprise travel time from one orc to the next, the act of firing the weapon
multiple times, any spurious navigation of the environment, longer observation time, etc. We report
the latencies despite these shortcomings to insure that any differences in accuracy are not due to a
speed-accuracy tradeoff.

Results

All 39 participants successfully completed the task, but two were dropped from the analysis of the
independent variables due to a failure to perform above chance or demonstrate any mastery of the
task. All participants completed the questionnaire as requested.

Demographic and learning analyses
There was evidence of learning in Level 1 as revealed by a positive regression slope of accuracy as a

function of decision order, t(39) = 2.68, p < .05, but no significant changes for Levels 2–4, p > .05. After
excluding Level 1 performance, men showed higher accuracies (M = 61%) and shorter latencies
(Mdn = 35 s) than women (Ms = 56% and 43 s, respectively). Given the relatively small sample size,
we chose to pool the results of Experiments 1 and 2 for our individual differences analyses; the results
are presented with Experiment 2.

Effects of delay, delay variability, and auditory fillers
We observed large differences between men and women both in overall performance and sensitiv-

ity to the programed variables. These differences are likely the result of prior video game experiences.
All subsequent analyses examine both sexes separately. The initial choice accuracy and decision laten-
cies as a function of delay, filler, and delay variability are shown in Fig. 2 (accuracy was collapsed
across filler in those cases where it failed to reach significance in order to simplify the presentation).
Lower accuracy and longer latencies for longer delays is a relatively consistent pattern, except that
women showed no discernible effect for latency. Filling the delay often failed to produce an effect,
and those situations where it did have an effect (women’s latencies) were inconsistent. Adding vari-
ability had no clear effect on women’s choice accuracy or latency, but men appeared to show im-
proved performance on the 2 s variable delays.

Restricted maximum likelihood was used for all analyses of variance (ANOVA). This approach pro-
vides better variance estimates than the traditional expected mean squares approach (Harville, 1977).
As a result, the degrees of freedom noted in the results will sometimes seem unusual for those
schooled in the traditional method. For women, a repeated measures ANOVA of choice accuracy as
a function of delay duration (0.5, 1.0, or 2.0 s), delay variability (none, low, and high) and the presence
of a filler (empty vs. filled) revealed a main effect of duration, F(2,42) = 23.65, p < .01, but no other sig-
nificant effects. Planned contrasts of the delay duration main effect revealed the following ordering:
0.5 > 1.0 > 2.0 s. For men, again there was a main effect of duration, F(2,38) = 19.86, p < .01, but there
was also a main effect of delay variability, F(2,38) = 4.99, p < .01. Planned contrasts of the delay dura-
tion main effect revealed the following ordering: (0.5 = 1.0) > 2.0 s, and contrasts for the variability
main effect revealed the following ordering: low > none (high was not different from low or none).
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For women, a repeated measures ANOVA of log10 latency as a function of delay duration, delay var-
iability, and filler only revealed a significant Delay � Variability � Filler interaction, F(4,84) = 2.78,
p < .05. The three-way interaction was followed by specific filled versus unfilled contrasts for each de-
lay and level of variability revealing differences only for the 1.0 s high variability delays (where a filled
delay produced lower latencies than an unfilled delay). For men, there was a main effect of duration,
F(2,36) = 4.98, p < .05, and no other significant effects (all ps > .10). Planned contrasts of the delay
duration main effect revealed the following ordering: 0.5 < 2.0 s (1.0 s latencies were not different
from the 0.5 s or 2.0 s delays).

Discussion

The filler had no significant effects on accuracy and idiosyncratic effects on latencies for women. In
general, its impact was minimal. We also discovered that adding exogenous variability to a programed
average delay had little detrimental impact on accuracy or decision time and low levels appeared to
improve choice accuracy for men. We predicted that variability would result in higher accuracy for the
longest delays due to the higher likelihood that the true target would be more proximal than the foils
on a given trial. Although Fig. 2 suggests the presence of such an effect in our male participants, the
effect did not produce a significant interaction. In addition, our simulations suggested that accuracy
may be below chance for the constant 2.0 s delays because a foil orc would often fire during this long
delay, a result that was observed, but only for men (20% accuracy for the constant 2.0 s delays).
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In Experiment 1, the average delay varied within level; this inconsistency of average delay within
level may have undermined the potential effectiveness of the delay filler. We revisit this issue in
Experiment 2 by varying delay across levels and level of variability within level. This design thus
serves as a conceptual replication and generalization of that used in the previous experiment.

Experiment 2

Participants

A total of 54 introductory psychology students (29 male and 25 female) at Southern Illinois Univer-
sity at Carbondale received course credit for their voluntary participation.

Game environment and design

The landscape and trio locations were identical to those used in Experiment 1. The only change was
that the average delay was constant within a level (with different programed levels of variability in
that delay across trios) and varied between levels whereas variability varied within level. Table 2
shows the programed weapon delays, delay variability, and filler status for each of the seven trios
of orcs in each level. Order of Levels 2–4 was again counterbalanced between participants, with Level
1 again serving as an orientation phase.

Procedure

The experiment was run on four identically configured 2.0 GHz Mac Mini computers. The proce-
dure was otherwise identical to that used in Experiment 1.

Results and discussion

Demographic and learning analyses
All 54 participants successfully completed the task: 49 completed the questionnaire as requested.

There was no evidence of learning in Level 1 as revealed by a regression slope that was not signifi-
cantly different from zero, t(51) = 0.76, p = .45, and no significant changes for Levels 2–4,
t(43) = �0.24, p = .81. Participants showed high levels of performance in Level 1 (M = 75%) and reached
that level by their second decision. After excluding Level 1 performance, men showed higher accura-
Table 2
Experiment 2’s programed variability in delay for target (first line of cell) and auditory consequences for target and foils (second
line of cell).

Orc Trio Level 2 Level 3 Level 4
0.5 s 1.0 s 2.0 s

A 0.0 High No
Filled Unfilled

B No Low High
Filled Unfilled Filled

C High No Low
Unfilled Unfilled Filled

D Low High No
Filled Unfilled Filled

E High 0.0 Low
Filled Unfilled

F No Low High
Unfilled Filled Unfilled

G Low No 0.0
Unfilled Filled
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cies (M = 66%) and shorter latencies (Mdn = 37 s) than women (Ms = 48% and 42 s, respectively). A
complete demographic analysis is presented at the end of the results.

Effects of delay, delay variability, and auditory fillers
The initial choice accuracy and decision latencies as a function of delay duration, filler, and delay

variability are shown in Fig. 3 (accuracy was collapsed across filler in those cases where it failed to
reach significance). Lower accuracy and longer latencies for longer delays was a consistent pattern, ex-
cept that women showed no effect of any variable on latency. Like Experiment 1, filling the delay did
not produce a consistent benefit for women, however, there was a sizeable and consistent benefit on
accuracy for men (but inconsistent effects on men’s latencies). Adding variability had no perceptible
effect on women’s choice accuracy or latency, but men showed improved performance as delay var-
iability increased.

For women, a repeated measures ANOVA of choice accuracy as a function of delay duration (0.5,
1.0, or 2.0 s), delay variability (none, low, and high) and the presence of a filler (empty vs. filled) re-
vealed a main effect of duration, F(2,48) = 6.68, p < .01, but no other significant effects. Planned con-
trasts of the delay duration main effect revealed the following ordering: 0.5 > 2.0 s (1.0 s was
intermediate). For men, there was also a main effect of duration, F(2,49) = 22.50, p < .01, but in addi-
tion there were main effects of delay variability, F(2,56) = 4.87, p < .01, and filler, F(1,26) = 4.97,
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p < .05. Planned contrasts of the delay duration main effect revealed the following ordering: (0.5 = 1.0)
> 2.0 s, for the variability main effect: high > none (low was intermediate), and the filled delays pro-
duced much higher accuracies than the unfilled ones (71% vs. 61%).

For women, a repeated measures ANOVA of log10 latency as a function of delay duration, delay var-
iability, and filler produced no significant effects (all ps > .10). For men, there was a main effect of
duration, F(2,55) = 3.90, p < .05, a significant Filler � Duration interaction, F(2,201) = 34.19, p < .01,
and a significant Filler � Duration� Variability interaction, F(4,206) = 8.23, p < .01. Planned contrasts
of the delay duration main effect revealed the following ordering: (0.5 = 1.0 s) < 2.0 s. The three-way
interaction was followed by specific contrasts for filler for each of the delay durations and variability
levels and revealed the following differences: shorter latencies for some filled delays (constant 0.5 s
and low variability 2.0 s delays) and longer latencies for others (constant 2.0 s and low variability
0.5 and 1.0 s delays).

Demographic analyses: experiments 1 and 2
In a final cross-experiment analysis of individual differences, we compiled the participants’ re-

sponses to the questions regarding the types of video games played, amount of experience, and sex
along with their average accuracy and median latency in their respective experiments. We performed
three sets of analyses of participant demographics.

In the first set, a sex by experience analysis of the average accuracy and median latency revealed
that participants who reported more experience showed higher choice accuracy (55% for the lowest
levels of experience, 69% for the highest levels) but this effect did not reach statistical significance,
t(87) = 1.95, p = .055, and there was no main effect of sex, t(87) = �1.39 (the Sex � Experience interac-
tion was not included because this more complex model produced overfitting). In contrast, there were
large sex differences in latency (M = 48 s for women, 39 s for men, t(87) = 4.11, p < .01) but no signif-
icant main effect of experience, t(87) = 0.43, p = .67. Although women had considerably less self-re-
ported experience than men (M = 1.6 for women, 3.0 for men, t(97) = 5.64, p < .01), the sex effect on
latency occurred independent of any experience effects.

In our second set of analyses, we compiled the participants’ responses to the questions regarding
the types of video games played. We performed a cluster analysis of types of video game experience
to determine if participants’ game preferences could be segregated categorically and whether these
categories would predict performance on our task. Once these categories were identified, we exam-
ined whether participants in each category differed in terms of their sex distribution, amount of expe-
rience playing video games, accuracy, and latencies. This analysis is speculative given the known
problems of combining data across experiments.

We performed a Ward’s hierarchical cluster analysis using the participants’ responses to the type of
games that they play and uncovered two distinct categories of players, gamers (N = 41) and non-ga-
mers (N = 58). Gamers were more likely to play first-person-shooter games (88% vs. 29%), third-person
combat games (68% vs. 2%), role-playing games (49% vs. 22%), multiplayer on-line games (41% vs. 2%),
fighting games (58% vs. 36%), and real-time strategy games (51% vs. 0%). For other game types, the ga-
mers and non-gamers reported similar levels of game play (sports games: 71% vs. 57%, puzzle and ca-
sino: 34% vs. 50%, for gamers and non-gamers, respectively, a = .05 for all comparisons). Additional
analyses further revealed that the gamers self-rated as having more experience playing their preferred
games (3.1 for gamers vs. 1.8 for non-gamers), were more likely to be men (90% vs. 31%), had higher
accuracy (M = 67% vs. 58%), and had shorter latencies in our task (M = 39 s vs. 46 s).

Given the high correlation among these variables, in a final set of analyses we attempted to predict
task accuracy using a simultaneous analysis of the pre-experimental variables of sex, amount of expe-
rience, and cluster. The best model of accuracy (as judged by having the lowest Akaike Information
Criterion) contained the main effects of amount of prior gaming experience (t(86) = 2.87, p < .01)
and cluster (t(86) = �.69, p = .49) and a significant Cluster � Experience interaction (t(86) = �2.76,
p < .01). The interaction revealed that the gamer cluster showed a large effect of experience (ranging
from 42% to 84% for the lowest to highest levels of experience) but no effect of experience for the non-
gamers. Any sex differences were captured by game-type cluster and experience differences. In con-
trast, a similar analysis for predicting median latency revealed a single significant predictor, sex
(t(89) = 48.46, p < .01), with women producing latencies 8 s longer than men.
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Apparently, the benefits of prior video game experience for our causal decision making task is spe-
cific to particular types of game play. Only those who play a disproportionate amount of first-person-
shooter, third-person combat, role-playing, multiplayer on-line, fighting, and real-time strategy games
evidenced benefits from their prior game play (Green & Bavelier, 2003, 2006, 2007). Whatever these
gamers are learning while playing, this experience is being leveraged to produce more accurate deci-
sions in our task.

General discussion

We successfully investigated causal decision making within a complex dynamic environment in
which participants were required to choose among multiple causal candidates and the true cause
had a delayed effect. A participant’s choice and latency was most affected by the size of the delay –
accuracy approached or was below chance for 2.0 s delays. When a cause had an inconsistent delay
to its effect, accuracy was never harmed and sometimes increased. Filling a delay with an auditory
event only improved performance when a contiguous series of decisions all involved the same average
delay (i.e., when average delay was blocked as in Experiment 2), and the benefit occurred both when
the cause produced the effect with a consistent delay and when the cause produced the effect with a
varying delay (with the filler’s duration varying along with the duration of the delay). Finally, we ob-
served persistent sex differences with men outperforming women; although accuracy differences
could be explained by differences in self-reported video game play, latency differences could not.

We believe that multiple-cause dynamic environments highlight the problem of delayed causation.
The delay makes it more difficult to connect the cause with its effect because other candidate causes
may randomly occur during this delay and thus are more contiguous with the effect (cf. Shanks, Pear-
son, & Dickinson, 1989; Wasserman & Neunaber, 1986). Although filling the delay with a predictably
changing auditory event can improve choice accuracy, the impact of delay was diminished (not elim-
inated) and then only under the conditions present in Experiment 2.

Delays are especially problematic when the events that intervene make for plausible causes of the
outcome. In our task, weapon discharges produced by other potential targets (and their contiguous
fillers) are the only relevant intervening events, and these discharges are plausible causes of the explo-
sions. In some everyday tasks the difficulty is even greater because the delays are longer and the list of
alternative plausible causes that are more contiguous with the effect can be quite extensive. These
problems are exemplified in domains as diverse as political judgment (what caused the attack on Sep-
tember 11th?), financial analysis (what led to the stock market crash of 1987?), medical diagnosis
(what is causing the abdominal bleeding in this surgical patient?), and sports (why is the opposing
player scoring so much?), inter alia. Delayed causation in simple domains is so troublesome that these
delays are often filled with a real or hypothetical causal chain of events to span the gap (e.g., Gruber
et al., 1957; Oestermeier & Hesse, 2000), but in complex domains the possibility of generating false
chains is substantial (Keil, 2003). Also, it is the generation of these false chains that often creates
unpredictable individual differences that hindered previous efforts to explore more ecologically valid
paradigms.

The effect of inconsistent cause–effect delays was especially revealing. Our results suggest that the
participants’ behavior was strongly determined by experienced cause–effect contiguity even when
this contiguity was imperfect (e.g., for variable delays). Although consistent delays would facilitate
hypotheses regarding hidden mechanisms that bridge the delay, the consistency of the delays was
likely less evident within our complex dynamic environment. Unlike scientists, our game players
lacked the power to isolate each possible cause, could not precisely record historical relationships,
and were not motivated to obtain large observation samples. In other words, the game environment
was more like the messy world of everyday causality than the structured world of the laboratory. In
the video game, contiguity was thus quite important, a situation that produced the paradoxical result
of no detrimental effects of delay variability on causal choice and the occasional beneficial effects (for
long delays). Furthermore, the benefits of filling the delay were consistently observed only when the
average delay was held constant within a game level. Previous demonstrations of the efficacy of fillers
have always used the same delay throughout a subject’s experience (Reed, 1992, 1999; Young & Fal-
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mier, 2008a; Young et al., 2005) with the strongest demonstrations involving filling a delay between a
participant’s action and its effect (Reed, 1992, 1999). Our experiment suggests that this consistency,
even when the experienced delays varied around the same average delay, may be a critical factor in
filler efficacy. The reason for the effect of trial blocking on the efficacy of delay fillers warrants further
study.

Individual differences

The final result of note concerns the observation of individual differences. In both experiments,
judgment accuracy was positively related to prior video game experience producing considerable dif-
ferences in performance. Perhaps because men and women play video games at different rates and
men play more first-person-shooter games like the one used here, we saw substantial sex differences
in accuracy. The final cross-experiment analysis detailed in Experiment 2 revealed that our partici-
pants fell into two broad categories, gamers and non-gamers, with gamers outperforming non-gamers
even when amount of experience was statistically controlled.

Previously published results have revealed that experience playing action video games improves
performance on perceptual and attentional tasks (cf. Green & Bavelier, 2003, 2006, 2007). Although
our results suggest that the benefits of certain types of video game play might generalize to causal
decision tasks, we do not yet know whether this result is due to our use of a video game preparation
to study causality rather than a non-gaming preparation like those traditionally used in the field. In-
deed, sex differences may be prevalent in laboratory studies of causal decision making but
underreported.

We are unclear regarding the persistent sex differences in latencies. Although sex differences in
accuracy could be explained in terms of the prior amount and type of video game experiences, wo-
men’s longer latencies were independent of these factors. Unfortunately, we do not record what par-
ticipants are doing between the time that they successfully destroy one target orc and the time that
they destroy the next. Women’s longer latencies could be due to more deliberate decision making,
more environmental exploration, slower rates of firing, slower movement in the game, or difficulty
navigating the environment, inter alia. We are now tracking more of the participants’ behavior in cur-
rent studies in order to better address this question.

Alleviating the effect of delay on causal decisions

In order to alleviate the detrimental impact of delays, researchers have demonstrated that filling
the delay with an event can improve accurate causal judgment (Guski & Troje, 2003; Reed, 1992,
1999) although the effect is not consistently observed (Elsner & Hommel, 2004) and may be stronger
with dynamically changing fillers (Young & Falmier, 2008a; Young et al., 2005). Explanations of this
utility have ranged from secondary reinforcement, in which the intervening event serves as a step
in a causal chain, to its role in reducing the uncertainty in predicting the effect onset when the filling
event shows dynamic change over time. These accounts are derived from single cause–effect experi-
ments and their extension to multiple causal candidates requires some attention.

The beneficial effect of an auditory filler in Experiment 2 replicates the observed efficacy of delay
fillers in conditioning experiments (Gibbs, Kehoe, & Gormezano, 1991; Kaplan & Hearst, 1982; Resc-
orla, 1982). In addition, Young et al. (2005) found evidence of the efficacy of a delay filler when the
auditory event was dynamic (increasing or decreasing in amplitude) and filled a 1 s delay between
contact and launch (the paradigm involved a billiard ball type of interaction in which one object struck
another which was launched after a delay). The present project extends these findings in the context
of a choice task (rather than ratings on a 1–9 scale), when there are several causal candidate events
that occur multiple times within a complex environment, and when the filler’s duration varied along
with a varying cause–effect delay.

The possible role of the filling event as a step in a causal chain relies on the participants’ ability to
discern and remember each link in the chain. Although a participant may be able to use the offset of
each auditory sound as a predictor of the effect and accurately discern which filler caused the explo-
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sion, he or she may not recall which weapon produced that filler. In addition, when the fillers are very
similar, observers may be unable to discriminate among them due to overlap in their extent.

Epilogue

The real world is much messier than that found in typical studies of causal judgment. There are
many alternative causes, each occurring at random times relative to the others. Experienced causation
is imperfect with respect to contingency, delay, event duration, and event magnitude. Furthermore,
replications of events will often differ in some way (history does not quite repeat itself). The develop-
ment of formal models of causal judgment that integrate all of the cues to causality will require a more
extensive body of empirical work that describes the joint effects of contingency, spatial and temporal
contiguity, intervening stimuli, and various event dynamics. Although the present project is a small
step in this direction, more such work is necessary to determine if the theoretical constructs devel-
oped by observing human behavior in pristine environments will readily translate to complex dy-
namic situations that better mirror the natural environment of the human animal.
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