
INTRODUCTION 

Self-efficacy, which refers to a person’s belief
that he or she has the capacity to successfully per-
form specific behaviors or tasks (Bandura, 1977,
1986; Wood & Bandura, 1989), has received in-
creasing attention in the applied psychology 
literature over the past 2 decades. Meta-analytic
investigations have shown that self-efficacy is pos-
itively related to performance in a variety of work-
related settings (Sadri&Robertson,1993; Stajkovic
& Luthans, 1998). In particular, self-efficacy has
been shown to play a prominent role in training
motivation, yielding positive associations with

learning and performance throughout the train-
ing process and in posttraining transfer contexts
(Colquitt, LePine, & Noe, 2000).

Because self-efficacy is important to success in
training, remediating low self-efficacy is a critical
concern. Fortunately, a growing body of empir-
ical literature has demonstrated that interventions
involving behavior modeling can be designed to
mitigate the negative effects of low self-efficacy
(e.g., Gist, Schwoerer, & Rosen, 1989; Gist, Stev-
ens, & Bavetta, 1991; Jones, 1986; Saks, 1995).
Behavior modeling training stems from Ban-
dura’s (1977, 1986) social learning theory, which
emphasizes applying observation, modeling, and
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vicarious reinforcement to changing human be-
havior (Goldstein & Ford, 2002). In short, imitat-
ing the novel actions of others is a powerful way
of learning, according to social learning theory
(Goldstein & Ford, 2002; see Taylor, Russ-Eft, &
Chan, 2005, for a meta-analytic review).

Behavior modeling is also viewed as one of
the most viable means of remediating low self-
efficacy (Haccoun & Saks, 1998). For example,
researchers have shown positive remediating
effects of behavior modeling for persons low in
pretraining self-efficacy with respect to the unem-
ployed finding reemployment (Eden & Aviram,
1993) and naval cadets overcoming seasickness
(Eden & Zuk, 1995). These studies essentially
found attribute-treatment interactions between
pretraining self-efficacy and behavior modeling
such that behavior modeling had a positive effect
on training outcomes for trainees low in pretrain-
ing self-efficacy, with little or no benefit for trainees
high in pretraining self-efficacy.

The crux of the explanations for this interaction
is that behavior modeling fosters confidence and
provides adaptive strategies for skill development
in persons who lack confidence and knowledge of
how to develop their skills (i.e., those with low
pretraining self-efficacy). However, behavior mod-
eling is superfluous for persons already possess-
ing confidence and adaptive skill development
strategies (i.e., those with high pretraining self-
efficacy).

Thus, the empirical literature has demonstrated
that the normally handicapping effects of low self-
efficacy can be remediated through interventions
involving behavior modeling techniques. How-
ever, to our knowledge, no research has examined
the extent to which low pretraining self-efficacy
can be remediated in human-machine contexts,
specifically with regard to complex skills that in-
volve both cognitive and psychomotor demands.

The present laboratory study addresses this
gap in the literature by examining the extent to
which training in collaboration with a more expe-
rienced partner differentially affects trainees with
low pretraining self-efficacy as compared with
trainees with high pretraining self-efficacy. Be-
cause modeling and observation are crucial to col-
laborative learning, the fundamental premise of
this study is that collaborative training protocols,
in the same vein as behavior modeling training,
are a viable means of remediating low pretraining
self-efficacy. 

COLLABORATIVE LEARNING 

Terms such as collaborative learning, cooper-
ative learning, group work, and peer learning have
similar meanings (Bruffee, 1999). Collaborative
learning generally describes an instructional tech-
nique in which individuals are placed in small
groups or pairs while learning a specific task and
are encouraged to communicate with their partners
by sharing ideas and working together toward a
common goal (Slavin, 1983).

Not only is collaborative learning a popular in-
structional technique, it also has support from a
large body of empirical work (Johnson, Maru-
yama, Johnson, Nelson, & Skon, 1981; Neo, 2003;
Stanne, Johnson, & Johnson,1999; Wentzel, 2002).
In addition to partners serving as models for one
another, members of collaborative learning groups
can collectively explore and elaborate on materi-
al and frequently develop better solutions to prob-
lems than any lone individual in the group (Ames
& Murray, 1982; Larson et al., 1985). After col-
laboration, individuals retain the problem-solving
and skill development strategies they procured
from their groups. Thus, working with a partner or
partners facilitates individual mastery of the learn-
ing concepts.

Despite the widespread study of collaborative
learning in the educational literature (Marr, 1997),
very little research on collaboratively based train-
ing has been conducted in contexts concerning
complex skills and human-machine interactions.
However, research on active interlocked modeling
by Shebilske, Regian, Arthur, and Jordan (1992) is
one exception. Active interlocked modeling (AIM)
is dyadic training described as observational learn-
ing in the context of actively performing a task 
in harmony with a partner (Arthur, Day, Bennett,
McNelly, & Jordan, 1997). The AIM protocol re-
quires trainees to practice each half of a task alter-
nately, with a partner practicing the other half.

Studies of AIM have shown that despite half
the amount of hands-on practice with task controls
and responsibilities, skill acquisition under AIM
is equal to that under standard individual training
(Shebilske et al., 1992). Such a result translates
into a 100% gain in training efficiency over indi-
vidual training. The increase in efficiency results
from training two people simultaneously rather
than one at a time, with no increase in trainer time
or machine cost. Arthur et al. (1997) further de-
monstrated this efficiency effect with respect to
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skill retention and reacquisition after 8 weeks of
nonpractice.

Research on the efficiency and effectiveness
of AIM has employed the computer game Space
Fortress as the criterion task. Space Fortress has a
strong history as a research tool for studying com-
plex skill acquisition (Donchin, 1989; Gopher,
Weil, & Bareket, 1994). It was designed to simu-
late the demands of dynamic aviation environments
and other complex performance settings (Gopher,
1993). These demands include short- and long-
term memory loading, high workload, decision
making, prioritization, resource management, dis-
crete motor responses, and difficult manual controls
(Gopher, Weil, & Siegel, 1989). In particular, suc-
cess at Space Fortress requires dynamic attention
control, as individuals must master the interplay
between cognitive and psychomotor demands
(Arthur et al., 1995; Shebilske, Goettl, & Regian,
1999).

The present study also used Space Fortress and
employed AIM as the collaborative training pro-
tocol. However, this study differs from previous
studies in that novice AIM participants were paired
with more experienced partners, whereas all pre-
vious studies paired novices with fellow novices.
It is important to note that we did not pair collab-
orative trainees with more experienced partners
who were considered experts. Rather, we paired
collaborative trainees with more modestly skilled
partners because of the concern that novices might
not be able to communicate with and understand
partners who are too advanced.

Research on scaffolding from the educational
and developmental literatures directly speaks to
issues of partner competence in collaborative learn-
ing settings. Scaffolding refers to instructional ap-
proaches that involve collaborating and providing
just enough assistance to extend the learner’s cur-
rent capabilities. Assistance could come in the
form of providing suggestions or asking thought-
provoking questions, but typically scaffolding re-
fers to modeling advanced behaviors that are within
the reach of the learner’s current capabilities.

Parallel participation (i.e., simply performing
alongside one another) is not sufficient to enhance
an individual’s development. Rather, development
occurs when individuals function in a coordinat-
ed manner through a joint understanding of the
situation (Hogan & Tudge, 1999; Rieber & Carton,
1987; Vygotsky, 1978). If assistance is too far ad-
vanced or out of the reach of the individual’s pre-

sent capabilities, then joint understanding is not
likely to occur. 

OVERVIEW OF STUDY AND
HYPOTHESES 

Previous research has demonstrated the impor-
tance of pretraining self-efficacy as well as the
effectiveness of learning protocols that involve
behavior modeling as a means of mitigating the
harmful effects of low self-efficacy on training out-
comes. Therefore, examining the extent to which
collaborative learning, which involves behavior
modeling, can be used to address the negative in-
fluence of low self-efficacy is worthwhile. How-
ever, no such examinations to this date have been
conducted. Furthermore, to our knowledge no re-
search has examined the extent to which low 
pretraining self-efficacy can be remediated with
respect to skills requiring human-machine inter-
action and both substantial cognitive and psy-
chomotor demands.

Therefore, the purpose of this study was to ex-
amine the effectiveness of collaborative training
for individuals with low pretraining self-efficacy
versus individuals with high pretraining self-
efficacy regarding the acquisition of a complex
skill: a computer task that simulated the demands
of a dynamic aviation environment. Participants
underwent training in one of two conditions: in-
dividual training or collaborative training with a
more experienced partner. Active interlocked mod-
eling was employed as the collaborative training
protocol.

Training consisted of two 21⁄2-hr sessions sep-
arated by 1 week. The training manipulation oc-
curred during the first session; thus, we were able
to investigate both proximal and distal effects.
Self-efficacy was measured prior to training, dur-
ing training, and at the end of training. In general,
it was expected that collaborative training would
yield greater skill acquisition and mid- and post-
training self-efficacy than would individual train-
ing. However, we also expected an interaction
between training condition and pretraining self-
efficacy because of a differential need for boosts
to self-efficacy and exposure to advanced perfor-
mance strategies. Accordingly, we examined the
following two specific hypotheses: 

Hypothesis 1: The beneficial effects that collabora-
tive training has on skill acquisition and mid- and
posttraining self-efficacy relative to individual
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training will be stronger for individuals with low
pretraining self-efficacy than for individuals with
high pretraining self-efficacy.

Hypothesis 2: The differential influence of collab-
orative training on skill acquisition for individuals
with low pretraining self-efficacy relative to individ-
uals with high pretraining self-efficacy will be
mediated by midtraining self-efficacy and practice
performance. 

METHOD 

Participants 

Two hundred twenty-three men enrolled in an
introductory psychology course at the University
of Oklahoma completed this study as part of a
course research requirement. We chose to limit the
study to male participants to control for the effects
(i.e., social and interpersonal dynamics) associ-
ated with mixed-gender pairs in the collaborative
condition. Participation was limited to right-
handed volunteers due to hardware constraints.

Logistical constraints prevented us from using
full random assignment to the training condi-
tions; this study should be considered a quasi-
experiment. Initially, participants were randomly
assigned to the individual condition, to the collab-
orative condition, or to serve as more experienced
partners for participants in the collaborative con-
dition. However, 24 participants withdrew from
the study. Consequently some participants who
were originally assigned to the collaborative con-
dition or to serve as more experienced partners
had to be reassigned to the individual condition.
This resulted in 87 participants training in the indi-
vidual condition, 68 training in the collaborative
condition, and 68 serving as the more experi-
enced partners for the participants in the collab-
orative condition.

The more experienced partners underwent 3.5
hr of individual training (2.5 hr on Day 1 of train-
ing and 1 hr on Day 2) before they were paired
with a novice from the collaborative condition.
That is, at the time when collaboration began, the
more experienced partners had already performed
32 more games of Space Fortress than their less
experienced counterparts in the collaborative con-
dition. At that time, the more experienced part-
ners were performing on average more than two
standard deviations (d = 2.31) higher than their
novice partners.

As previously stated, the more experienced part-
ners were by no means experts. Previous research

with Space Fortress has shown that individuals
typically perform an additional one to two stan-
dard deviations higher after 10 hr of training ver-
sus 3.5 hr (e.g., Arthur et al., 1997). Bonuses of
$80, $60, $40, $20, and $10 were awarded to the
top 5 performers (more experienced partners re-
ceived a commensurate bonus if their counterparts
earned a bonus). 

Performance Task 

Laboratory rooms were equipped with a table,
a computer and monitor, a right-hand joystick, a
three-button mouse for the left hand, and two
right-handed chair desks. In Space Fortress (Mané
& Donchin, 1989), trainees control a space ship’s
flight path using the joystick and shoot missiles
with a trigger on the joystick. A fortress is located
at the center of the screen and surrounded by two
concentric hexagons.

An information panel at the bottom of the screen
indicates fortress vulnerability, which changes
with each missile hit. Friend and foe mines fly in
the space surrounding the fortress and are identi-
fied by a mine indicator on the information panel.
To destroy foe mines, trainees are required to push
an “identify friend or foe” mouse button at the
appropriate time. Symbols appear on the screen
just below the fortress to indicate opportunities to
gain bonus points or additional missiles by push-
ing either a “points” or “missiles” mouse button
at the appropriate time.

The information panel also shows the number
of available missiles, a battle score, and compo-
nent scores based on ship velocity, ship control,
and the speed of dispatching mines. The screen
displays a total score, which is a composite of the
others, along with more detailed performance
feedback at the end of each game. More detailed
descriptions and illustrations of Space Fortress can
be found in Arthur et al. (1995) and Shebilske,
Goettl, Corrington, and Day (1999). 

Self-Efficacy 

We used a task-specific self-efficacy scale based
on sample items from scales used in several pre-
vious studies (e.g., Bell & Kozlowski, 2002;
Nease, Mudgett, & Quiñones, 1999) as well as
items developed specifically for this study. Al-
though validity has been demonstrated for mea-
sures of generalized, trait-based self-efficacy (e.g.,
Chen, Gully, & Eden, 2001), Bandura (1986,1997)
strongly argued for using task-specific measures,
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especially in the prediction of task performance.
Our scale consisted of 12 items, including “I can
meet the challenges of Space Fortress” and “I am
confident that I have what it takes to perform Space
Fortress well.” Participants responded using a 5-
point scale (1 = strongly disagree, 5 = strongly
agree). We obtained coefficient alphas of .92, .92,
and .95 for the three administrations of the scale,
respectively. 

Procedure 

Participation took place on 2 days,1week apart,
for approximately 21⁄2 hr each day. Participants
first watched a 17-min training video detailing in-
structions and optimal strategies for performing
Space Fortress. Afterward, they performed four
3-min baseline games of Space Fortress and then
watched a 5-min video reviewing the instructions
and optimal strategies. Baseline scores for indi-
vidually trained participants (M = –1,669.30, SD
= 807.13) were roughly equal to the scores for the
participants in the collaborative training condi-
tion (M = –1,566.63, SD =1,027.20), t (153) = –0.70,
p = .49, d = –0.11. Participants were then given the
self-efficacy scale for the first time (i.e., pretrain-
ing). Self-efficacy scores for this first administra-
tion for participants in the individual condition
(M = 2.90, SD = 0.78) were roughly equal to the
scores for the participants in the collaborative train-
ing condition (M = 2.89, SD = 0.88), t (153) = 0.04,
p = .97, d = 0.01.

For the rest of the first day, participants com-
pleted two 10-game training sessions of Space
Fortress (Sessions 1 and 2). The experimental ma-
nipulation occurred during these two training ses-
sions. The first 8 games of every 10-game session

were practice, and the last 2 games were test games.
All games lasted 3 min. After Session 2, partici-
pants again completed the self-efficacy scale. One
week later, participants returned for a second day
of participation and completed a 2-game test of
retention (Session 3) followed by three 10-game
training sessions (Sessions 4, 5, and 6). After
Session 6, participants completed the self-efficacy
scale for the third and final time. Monetary bonus-
es were based solely on test game performance. 

Training Conditions 

Participants in the individual training condition
performed all practice and test games individual-
ly, never working with a partner. Participants in the
collaborative condition worked with a more ex-
perienced partner during the eight practice games
of Sessions 1 and 2 (i.e., the first day of training),
but they performed the test games of Sessions 1
and 2 individually without aid from their partners
and trained individually for Sessions 3 through 6.
During the practice games in Sessions 1 and 2, col-
laborative participants practiced with their part-
ners by first controlling all functions related to the
mouse while the more experienced partner con-
trolled all functions related to the joystick, and they
exchanged roles after every practice game. Com-
munication during and between practice games
was encouraged.

RESULTS 

Table 1 shows the means, standard deviations,
and correlations for self-efficacy and individual
Space Fortress test scores. Self-efficacy scores were
highly intercorrelated across the three administra-
tions, mean r = .69, p < .001. Space Fortress scores

TABLE 1: Means, Standard Deviations, and Intercorrelations of Study Variables

Variable M SD 1 2 3 4 5 6 7 8 9

1. SE pretraining 2.89 0.82 —
2. SE midtraining 3.50 0.77 .71 —
3. SE posttraining 3.68 0.94 .56 .79 —
4. SF baseline –1,624.30 908.55 .50 .43 .42 —
5. SF Session 1 319.17 1,472.77 .40 .46 .44 .73 —
6. SF Session 2 734.97 1,602.91 .39 .53 .52 .66 .87 —
7. SF Session 3 380.97 1,374.57 .33 .43 .43 .65 .84 .88 —
8. SF Session 4 1,400.05 1,766.99 .38 .52 .55 .61 .81 .89 .86 —
9. SF Session 5 1,752.07 1,985.91 .42 .52 .59 .61 .79 .86 .83 .91 —

10. SF Session 6 1,943.11 1,955.04 .38 .52 .59 .60 .80 .87 .83 .93 .93

Note. SE = self-efficacy. SF = Space Fortress. Session 3 = Test of retention after a 1-week nonpractice interval. All values are significant
at .001. All tests are two-tailed. N = 155.
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were highly intercorrelated across sessions, mean
r = .80, p < .001. As expected, the correlations be-
tween self-efficacy and Space Fortress scores were
positive and statistically significant, mean r = .46,
p < .001. 

Skill Acquisition 

To test Hypothesis 1 and examine the extent to
which collaborative training differentially affected
skill acquisition in individuals with low pretrain-
ing self-efficacy versus those with high pretraining
self-efficacy, we conducted a 2 (pretraining self-
efficacy: low vs. high) × 2 (training condition: in-
dividual vs. collaborative) × 7 (training session)
mixed ANOVA. Low and high self-efficacy were
operationalized using the bottom and top thirds
(Ms = 1.91 and 3.83, respectively) of the pretrain-
ing self-efficacy score distribution. We also con-
ducted a similar mixed ANOVA (3 × 2 × 7) that
included the middle third (M = 2.91) of the pre-
training self-efficacy score distribution. Overall,
the main effects and interactions with and without
the middle third were similar, and the effects of
training condition on performance scores for the
middle third of the distribution mirrored those for
the top third.

Means, standard deviations, and standardized
differences are shown in Table 2. The results
showed main effects for training session, F(6,
546) = 295.98, p < .001, η2 = .77, and self-efficacy,
F(1, 91) = 31.34, p < .001, η2 = .26. The main effect
for training condition did not reach statistical sig-
nificance, F(1, 91) = 3.35, p = .07, η2 = .04. How-
ever, the results revealed a statistically significant
two-way interaction between session and training
condition, F(6, 546) = 2.68, p < .05, η2 = .03. Par-
ticipants in the collaborative condition experi-
enced greater gains in skill acquisition than did
participants in the individual condition. The results
also revealed a statistically significant two-way in-
teraction between session and self-efficacy; F (6,
546) = 5.80, p < .001, η2 = .06. Participants with
high pretraining self-efficacy experienced greater
gains in skill acquisition from baseline to the end
of training than did those with low pretraining self-
efficacy.

Although the results did not reveal a statistical-
ly significant two-way interaction between self-
efficacy and condition, F(1, 91) = 0.18, p = .68, η2 <
.01, there was a statistically significant three-way
interaction among session, self-efficacy, and con-
dition, F(6, 546) = 3.30, p < .01, η2 = .04, show-

ing that collaborative training yielded different
effects for participants with low pretraining self-
efficacy than for participants with high pretraining
self-efficacy. As shown in Table 2, the differences
in scores on the second day of training between col-
laboratively and individually trained participants
with low self-efficacy were consistently stronger
than the differences in scores on the first day of
training. This was not the case for participants with
high self-efficacy: There was no growing trend in
score differences between collaboratively and
individually trained participants with high self-
efficacy across the 2 days of training.

These results are consistent with Hypothesis 1
and show that beneficial effects of collaborative
training occurred for participants with low pre-
training self-efficacy but not for those with high
pretraining self-efficacy. However, the extent of
this differential effect of collaborative training as
a function of pretraining self-efficacy is somewhat
confounded by differences in baseline scores. As
shown in Table 2, high self-efficacy participants
in the collaborative condition had higher baseline
scores than high self-efficacy participants in the
individual condition (d = 0.48), whereas low self-
efficacy participants in the collaborative condition
had lower baseline scores than low self-efficacy
participants in the individual condition (d = –0.27).
Because of this nonequivalence in baseline scores,
these results could be viewed as an underestimate
of the differential effect that collaborative training
had on participants with low pretraining self-
efficacy as compared with those with high pre-
training self-efficacy.

To address this nonequivalence, we conducted
two separate 2 (training condition: individual vs.
collaborative) × 6 (training session) ANCOVAs
with baseline scores as the covariate. The first
analysis was conducted for participants low on
pretraining self-efficacy. The second analysis was
conducted for participants high on pretraining self-
efficacy. Conducting separate ANCOVAs for low
and high pretraining self-efficacy adjusts for the
difference in nonequivalence of baseline scores
between collaborative and individual conditions
as a function of pretraining self-efficacy without
removing the overall effects of pretraining self-
efficacy, which would occur with a 2 (condition) ×
2 (self-efficacy) × 6 (session) ANCOVA. The ad-
justed means are shown in Figure 1, and the
adjusted standardized differences are shown in
Table 2.
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 at UNIV OF OKLAHOMA on January 20, 2016hfs.sagepub.comDownloaded from 

http://hfs.sagepub.com/


1138

TA
B

LE
 2

:S
p

ac
e 

Fo
rt

re
ss

 T
es

t 
Sc

o
re

s 
b

y 
Tr

ai
ni

ng
 C

o
nd

iti
o

n 
an

d
 P

re
tr

ai
ni

ng
 S

el
f-

E
ffi

ca
cy

Lo
w

 S
el

f-
E

ffi
ca

cy
H

ig
h 

Se
lf-

E
ffi

ca
cy

C
o

lla
b

o
ra

ti
ve

 (n
=

 2
4)

In
d

iv
id

ua
l (

n
=

 2
3)

C
o

lla
b

o
ra

ti
ve

 (n
=

 2
2)

In
d

iv
id

ua
l (

n
=

 2
6)

Se
ss

io
n

M
SD

M
SD

d
d

ad
ja

M
SD

M
SD

d
d

ad
ja 

b
–2

,1
83

.5
2

69
1.

94
–2

,0
01

.5
7

67
8.

43
–0

.2
7

–8
16

.6
1

92
4.

75
–1

24
9.

72
87

7.
01

0.
48

1
–1

82
.2

5
1,

22
0.

60
–3

94
.6

3
1,

04
5.

18
0.

19
0.

44
1,

09
6.

52
1,

37
7.

33
83

3.
27

1,
62

0.
24

0.
17

–0
.2

8
2

35
9.

67
1,

43
2.

95
–1

47
.6

3
1,

34
4.

37
0.

37
0.

57
1,

58
5.

23
1,

32
6.

01
1,

44
2.

12
1,

47
5.

43
0.

10
–0

.3
4

3
13

5.
50

1,
02

5.
53

–3
36

.4
3

1,
25

3.
23

0.
42

0.
63

*
1,

18
9.

90
1,

18
1.

08
62

2.
67

1,
35

6.
09

0.
44

0.
14

4
1,

13
7.

21
1,

69
3.

53
33

5.
78

1,
36

1.
63

0.
53

0.
72

*
2,

40
4.

86
1,

20
6.

31
2,

01
7.

13
1,

76
3.

87
0.

26
–0

.0
8

5
1,

50
8.

56
1,

71
0.

23
28

1.
43

1,
71

1.
63

0.
72

*
0.

89
**

2,
92

4.
55

1,
25

7.
49

2,
74

7.
77

1,
77

0.
25

0.
11

–0
.2

7
6

1,
70

7.
33

1,
61

7.
14

76
0.

24
1,

75
3.

82
0.

56
0.

76
*

3,
27

0.
48

1,
36

4.
73

2,
74

2.
65

1,
73

7.
56

0.
34

0.
03

N
o

te
. b

 =
 b

as
el

in
e;

 S
es

si
o

n 
3 

=
 t

es
t 

o
f 

re
te

nt
io

n 
af

te
r 

a 
1-

w
ee

k 
no

np
ra

ct
ic

e 
in

te
rv

al
.

a d
ad

j
=

 s
ta

nd
ar

d
iz

ed
 d

iff
er

en
ce

 a
ft

er
 a

d
ju

st
in

g
 f

o
r 

d
iff

er
en

ce
s 

in
 b

as
el

in
e 

sc
o

re
s 

w
it

hi
n 

se
lf-

ef
fic

ac
y 

ca
te

g
o

ry
, [

2 
×

(
F

)] 
/ 

d
f e

rr
o

r 
.

*p
<

 .0
5,

 *
*p

<
 .0

1 
(t

w
o

-t
ai

le
d

). 

 at UNIV OF OKLAHOMA on January 20, 2016hfs.sagepub.comDownloaded from 

http://hfs.sagepub.com/


The results of these analyses revealed a strong-
er differential effect for collaborative training as
compared with the previous analyses. In support
of Hypothesis 1, the results for participants with
the low pretraining self-efficacy revealed a statis-
tically significant main effect for training condi-
tion, F(1, 44) = 6.77, p < .05, η2 = .13, whereas the
results for participants with high pretraining self-
efficacy did not reveal a statistically significant
main effect for training condition, F(1, 45) = 0.26,
p = .62, η2 < .01. As shown in Table 2, the adjust-
ed standardized differences for participants with
the low pretraining self-efficacy were moderate to
strong and consistently in favor of collaborative
training; differences for participants with high pre-
training self-efficacy were weak and not consis-
tently in favor of either training condition. 

Mid- and Posttraining Self-Efficacy 

To examine the interaction proposed in Hypoth-
esis 1 with respect to mid- and posttraining self-
efficacy scores, we conducted similar analyses to
those discussed previously for skill acquisition
scores. Specifically, we conducted a 2 (pretraining
self-efficacy: low vs. high) × 2 (training condi-
tion: individual versus collaborative) × 3 (admin-
istration) ANOVA as well as separate 2 (training
condition: individual vs. collaborative) × 3 (admin-

istration) ANCOVAs with baseline Space Fortress
scores as the covariate for participants low and
high on pretraining self-efficacy. Means, standard
deviations, standardized differences, and adjust-
ed standardized differences are shown in Table 3.
Figure 2 shows the adjusted means.

The results of the ANOVA revealed statistical-
ly significant main effects for administration, F(2,
182) = 65.40, p < .001, η2 = .42, and self-efficacy,
F(1, 91) = 263.41, p < .001, η2 = .74, as well as a
significant two-way interaction between admin-
istration and self-efficacy, F(2, 182) = 11.50, p <
.001, η2 = .11. The pattern of means showed that
participants with low pretraining self-efficacy
slightly benefited from collaborative training with
respect to mid- and posttraining self-efficacy
scores, whereas participants with high pretraining
self-efficacy did not benefit from collaborative
training. However, neither the two-way interaction
between training condition and pretraining self-
efficacy, F(1, 91) = 0.32, p = .57, η2 < .01, nor the
three-way interaction among administration, con-
dition, and self-efficacy, F(2, 182) = 0.71, p = .49,
η2 < .01, was statistically significant. Analyses
involving the adjusted means yielded similar
results. Overall, the results involving mid- and
posttraining self-efficacy scores did not support
Hypothesis 1. 
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Figure 1. Mean skill acquisition scores across sessions as a function of self-efficacy and training condition, adjusted
for differences in baseline scores within self-efficacy category. 
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Practice 

We predicted in Hypothesis 2 that practice per-
formance would serve as a mediator of the differ-
ential influence of collaborative training on skill
acquisition for individuals with low pretraining
self-efficacy. As such, before testing for mediation,
we first examined the interaction between training
condition and pretraining self-efficacy with re-
spect to practice scores. Using the average of the
eight practice game scores from Sessions 1 and 2
(when the training manipulation took place), we
conducted analyses similar to those for skill acqui-
sition and self-efficacy scores. Specifically, we
conducted a 2 (pretraining self-efficacy: low vs.
high) × 2 (training condition: individual vs. col-
laborative) × 3 (training session including baseline
scores) ANOVA as well as separate 2 (training
condition: individual versus collaborative) × 2
(training session) ANCOVAs with baseline Space
Fortress scores as the covariate for participants
low and high on pretraining self-efficacy.

Means, standard deviations, standardized dif-
ferences, and adjusted standardized differences are
shown in Table 4. The adjusted means are shown
in Figure 3. Regarding the ANOVA, the results
showed effects similar to those found for individ-
ual skill acquisition scores. In particular, there was
a statistically significant three-way interaction

among session, self-efficacy, and training condi-
tion, F(2, 182) = 6.18, p < .01, η2 = .06, showing
that collaborative training yielded different prac-
tice effects for participants with low pretraining
self-efficacy than for participants with high pre-
training self-efficacy. Specifically, participants with
low pretraining self-efficacy who trained collabo-
ratively experienced substantially higher perfor-
mance levels during practice than did participants
with low pretraining self-efficacy who trained in-
dividually (average d = 1.60).

Although similar benefits took place for par-
ticipants with high pretraining self-efficacy who
trained collaboratively, the results did not lead to
as large a difference in performance levels expe-
rienced during practice (average d = 0.92). As be-
fore, because of the differential nonequivalence
in baseline scores, these results could be viewed as
an underestimate of the differential effect that col-
laborative training had on participants with low
pretraining self-efficacy as compared with partic-
ipants with high pretraining self-efficacy.

The results of the ANCOVAs controlling for
baseline scores within self-efficacy category
showed that the performance benefits experienced
during collaborative practice for participants with
low pretraining self-efficacy, F(1, 44) = 37.98, p <
.001, η2 = .46, were substantially larger than those
experienced by participants with high pretraining
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Figure 2. Mean self-efficacy scores across administrations as a function of self-efficacy and training condition, adjust-
ed for differences in baseline scores within self-efficacy category. 
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self-efficacy, F(1, 45) = 7.70, p < .01, η2 = .15.
Like the results for individual skill acquisition
scores, these results further support Hypothesis 1
and demonstrate the differential effects that col-
laborative training with a more experienced part-
ner can have, depending on trainees’ pretraining
self-efficacy.

Mediation 

We used regression analyses to test Hypothe-
sis 2 and investigate the extent to which practice
scores mediated the differential effect that collab-
orative training had on test scores for individuals
with low pretraining self-efficacy relative to indi-
viduals with high pretraining self-efficacy. Because
there was no significant interaction for mid- and
posttraining self-efficacy scores, the conditions for
examining the mediating role of self-efficacy were
not met.

Using the entire sample, we first replicated the
interaction effect that pretraining self-efficacy and
training condition had on practice scores, as pre-
viously reported using ANOVA and ANCOVA
procedures. As shown in Table 5, the Pretraining
Self-Efficacy × Training Condition interaction
made a statistically significant contribution (β =
–.22, p < .01) to practice scores on the first day of
training after controlling for the effects of base-

line scores, pretraining self-efficacy, and training
condition.

Next, we tested the contribution that practice
scores had on individual test scores on the first day
of training after controlling for the effects of
baseline scores, pretraining self-efficacy, training
condition, and the Pretraining Self-Efficacy ×
Training Condition interaction. As shown in Ta-
ble 6, practice scores made a statistically signifi-
cant contribution (β = .69, p < .01) to individual
test scores. Regarding mediation, the Pretraining
Self-Efficacy × Training Condition interaction
was significantly related to individual test scores
before practice scores were included in the regres-
sion model (β = –.21, p < .05). However, this
interaction was no longer statistically significant
after practice scores were included (β = –.06, p =
.41). In support of Hypothesis 2, these findings
indicate that practice scores mediated the differ-
ential influence on individual skill acquisition that
collaborative training had on individuals with low
pretraining self-efficacy relative to individuals with
high pretraining self-efficacy. 

DISCUSSION 

The present study extends the literature on self-
efficacy and training by demonstrating how a col-
laborative training protocol (i.e., AIM) mitigated
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the normally deleterious effects of low pretraining
self-efficacy on skill acquisition for a complex
task that involved strong cognitive and psycho-
motor demands. Previous studies on remediating
low pretraining self-efficacy have not involved
such tasks and also have not examined the viabil-
ity of collaborative training as a remediating inter-
vention. Rather, previous research has focused
more exclusively on the effectiveness of modeling
techniques on predominantly cognitive tasks (e.g.,
computer software skills, Gist et al., 1989), or the
primary dependent variable in previous studies
involved adjustment (e.g., overcoming seasick-
ness, Eden & Zuk,1995; beginning a new job, Saks,
1995; and finding reemployment, Eden & Aviram,
1993) rather than actual skill acquisition.

Importantly, the beneficial effects of collabora-
tive training for low self-efficacious participants
observed in this study were more pronounced on
tests of further skill acquisition taken 1 week after
collaborative training as compared with tests taken

immediately after collaborative training. This find-
ing is consistent with Taylor et al.’s (2005) meta-
analytic findings for behavior modeling training,
which showed that delayed posttests reflected
greater benefits of behavior modeling training on
skills and job performance as compared with
posttests taken immediately after training. Similar
to individuals who undergo behavior modeling
training, individuals who train collaboratively
may continue to improve their skills over time as
they continue to utilize the learning strategies they
acquired in training. Together, our findings and
those of Taylor et al. (2005) reinforce the argument
that immediate tests of knowledge and skill often
do not adequately reflect learning and are insuf-
ficient in examinations of training effectiveness
(Schmidt & Björk, 1992).

The interaction observed between pretraining
self-efficacy and training condition regarding skill
acquisition supports previous research on behav-
ioral plasticity effects and interventions designed

TABLE 5: Regression Results for Space Fortress Practice Scores on the First Day
of Training

Model β1 β2 R2 ∆R2

1. SF baseline .54*** .57*** .53***
Pretraining self-efficacy (A) .08 .22**
Training condition (B) .40*** .40***

2. A × B –.22** .55*** .02** 

Note. β1 = standardized regression coefficient in the first model. β2 = standardized regression coeffi-
cient in the second, final model. R2 = proportion of variance accounted for in the dependent variable
by the set of predictors in the regression equation. ∆R2 = incremental variance accounted for by the
additional step in the regression equation. SF = Space Fortress. Training condition: individual = 0,
collaborative = 1. N = 155.

**p < .01; ***p < .001. 

TABLE 6: Regression Results for Space Fortress Test Scores on the First Day of
Training

Model β1 β2 R2 ∆R2

1. SF baseline .59*** .20**
Pretraining self-efficacy (A) .25** .10
Training condition (B) .05 –.22**
A × B –.21* –.06 .42***

2. SF practice on the first day .69*** .64*** .22***
of training 

Note. β1 = standardized regression coefficient in the first model. β2 = standardized regression coeffi-
cient in the second, final model. R2 = proportion of variance accounted for in the dependent variable
by the set of predictors in the regression equation. ∆R2 = incremental variance accounted for by the
additional step in the regression equation. SF = Space Fortress. Training condition: individual = 0,
collaborative = 1. N = 155.

*p < .05, **p < .01, ***p < .01.
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to mitigate the typically harmful influence of low
self-efficacy. Behavioral plasticity is the notion that
certain individuals are lacking in some quality crit-
ical to adaptive behavior and are thus more sus-
ceptible than others to external/social influences.
Plasticity effects were initially demonstrated with
self-esteem and workplace behaviors – with per-
sons low on self-esteem being more “behavior-
ally plastic” than persons high on self-esteem
(Brockner, 1988) – and the results of the present
study corroborate previously observed plasticity
effects for self-efficacy. However, future research
is needed to better isolate the causal forces behind
interventions designed to remediate low self-
efficacy.

Specifically, collaborative learning protocols
such as AIM involve two processes implicated as
critical to the success of behavior modeling train-
ing, especially with respect to mitigating the harm-
ful effects of low pretraining self-efficacy. These
processes are vicarious experiences and mastery
experiences (Eden & Aviram, 1993; Haccoun &
Saks,1998). Vicarious experiences involve observ-
ing the actions and outcomes of another person
performing a task. Indeed, observational learning
accounts for much of the effects associated with
AIM (Day, Arthur, Paulus, & Fein, 2003; Shebil-
ske, Jordan, Goettl, & Paulus, 1998). 

Mastery experiences, sometimes called enac-
tive attainment, refer to practice opportunities that
allow individuals to focus attention on activities
that directly support higher levels of task perfor-
mance that have yet to be experienced. Mastery
experiences not only provide trainees with a taste
for success, they also give trainees opportunities
to participate in activities that enable skill devel-
opment. Mastery experiences are apparent in the
AIM protocol in that trainees (a) are able to better
focus their attention and cognitive resources on
task requirements as they perform half of a task
while their partners perform the other half and (b)
experience higher levels of practice performance
as compared with individual trainees because task
responsibilities are more easily performed as they
are split between partners (Day, Arthur, & She-
bilske, 1997).

In general, with collaborative learning individ-
uals are able to share and explore ideas with their
partners and consequently develop performance
strategies that might not develop, or might not de-
velop as quickly, if individuals were learning by
themselves. In other words, with the help of col-

laborative partners, individuals are able to func-
tion at more advanced levels than they are capa-
ble of independently, especially when help comes
from a more experienced partner (Tudge, 1992).
Thus, mastery experiences allow an individual to
practice and internalize advanced aspects of a skill,
which in turn elevates the individual’s perfor-
mance level (Tudge, 1992).

In the present study, we were unable to isolate
either mastery or vicarious experiences. Thus,
questions remain to be tested. For instance, what
are the relative contributions of vicarious and mas-
tery experiences to plasticity effects? Is one more
important than the other, or are they both neces-
sary but insufficient conditions?

Likewise, future research is needed to better
identify the variables that mediate such interven-
tions. In this study, no differential effects were ob-
served for mid- and posttraining self-efficacy, but
a differential effect was observed for practice per-
formance. This suggests that collaborative learn-
ing enhanced skill acquisition without first raising
self-efficacy and that collaborative learning may
first enhance task knowledge and skill develop-
ment strategies that directly increase skill ac-
quisition.

Perhaps such gains in skill acquisition would
subsequently build later confidence. Indeed, some
researchers (e.g., Gist et al., 1989) have indicated
that enhanced self-efficacy from behavior model-
ing may come as a result of enhanced perfor-
mance. Such may be the case in this study, with the
differential effects of collaborative training on
later self-efficacy occurring more slowly than for
actual skill acquisition. Our observed pattern of
means is consistent with this explanation. If later
observations had been made, perhaps significant
effects in subsequent self-efficacy would have
been found.

More generally, the present findings suggest
that the causal roles played by self-efficacy may
not be as straightforward and direct as many might
think. In fact, there is currently a debate in the lit-
erature regarding causality between self-efficacy
and performance (Heggestad & Kanfer, 2005),
and recent meta-analytic research has even de-
monstrated that self-efficacy offers little if any
main effect on performance after controlling for
prior performance and other individual differences
related to motivation and performance (Judge,
Jackson, Shaw, Scott, & Rich, 2007). However,
the causal roles played by self-efficacy may be
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more apparent in terms of how it interacts with
other variables of interest (Judge et al., 2007),
which is what we found in the present study. The
debate concerning causality is presently limited to
investigations involving main effects, and more
research on the moderating role of self-efficacy
is needed.

A primary implication of this study is that col-
laborative learning can be effective for skill train-
ing, particularly for trainees with low pretraining
self-efficacy. The differential effects of collabora-
tive learning as a function of self-efficacy highlight
the importance of person analysis and tailoring
training to meet differing trainee needs. Individu-
als with low self-efficacy often struggle with new
and complex tasks, and the acquisition of such
skills could be facilitated for trainees with low
self-efficacy by providing opportunities to collab-
orate with more experienced partners.

Depending on logistical issues, such an inter-
vention may be a more feasible and less costly
alternative to traditional behavior modeling tech-
niques, particularly when training involves a small
number of trainees. However, the feasibility of
pairing novice trainees with more experienced
partners decreases as the number of trainees in-
creases (Davis & Yi, 2004). An alternative ap-
proach would be to team novice trainees together
in a collaborative structure, but the extent to
which such collaboration remediates low self-
efficacy is unknown and warrants future research.

The more general question is whether the ef-
fectiveness of pairing novices in collaborative
training is moderated by the level of expertise of
their partners. Although it is often assumed that
help and advice should come from experts, empir-
ical research has demonstrated that a target task
may be more easily learned when help comes from
beginners because novices may have difficulty
understanding the advanced and frequently ab-
stract statements received from experts (Hinds,
Patterson, & Pfeffer, 2001).

As previously mentioned, we chose to pair nov-
ices with more modestly skilled partners to suffi-
ciently stretch the understanding and capabilities
of the novices without presenting demands that
were too far advanced (Rieber & Carton, 1987;
Vygotsky, 1978). Consequently, it is not known
whether the remediating effects of collaboration
for individuals with low pretraining self-efficacy
would have been different if collaborative trainees
had been paired with fellow novices rather than

more skilled partners. We speculate that similar
effects might occur but that the effects would be
weaker, given that there would be less scaffolding
with novice partners. Nevertheless, future research
on self-efficacy and collaborative training that
involves manipulations of partner expertise is
warranted.

Another avenue for future research is the extent
to which gains for novices with low self-efficacy
come at the expense of their partners. Although
we were unable to fully examine the effects of
collaboration on the more experienced partners,
ancillary analyses on the individual performance
of the more experienced partners after collabora-
tion showed no significant correlation between
their performance scores and the pretraining self-
efficacy scores of their less experienced counter-
parts (r = .07, p = .56).

It should also be noted that although the present
results revealed a positive gain from collaborative
learning for persons with low pretraining self-
efficacy, the gains did not bring the skill acquisi-
tion levels of these persons to the levels found for
persons with high pretraining self-efficacy. Thus,
collaborative learning only lessened, rather than
fully removed, the negative effects of low self-
efficacy. Future research examining the extent to
which the negative effects of low pretraining self-
efficacy on complex skill acquisition can be more
fully remediated is needed. In a similar vein, future
research on the relative effectiveness of collabo-
rative learning versus traditional behavior model-
ing and some combination of the two approaches
would be worthwhile.

Finally, because training involved a laboratory
task with a sample of male college students, gen-
eralization of this study’s findings to real-world
training environments should be made with cau-
tion. Future research on collaborative learning 
in real-world training contexts, including mili-
tary and civilian work settings with broader sam-
ples and female participants, is warranted. 

Conclusion 

Individuals who enter training with low self-
efficacy often struggle with learning new and
complex tasks. Fortunately, there is a growing
body of empirical literature demonstrating the
usefulness of behavior modeling in mitigating the
negative effects of low self-efficacy. The present
study contributes to this literature by showing that
collaborative training can similarly be an effective
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strategy for facilitating the skill acquisition pro-
cess for trainees with low self-efficacy. Specifical-
ly, our results showed that collaborative training
with a more experienced partner enhanced skill
acquisition for individuals with low pretraining
self-efficacy but not so much for individuals with
high pretraining self-efficacy. We hope this study
stimulates future research on remediation strate-
gies for individuals with low self-efficacy and the
extent to which other individual differences mod-
erate the effectiveness of training programs utiliz-
ing modeling strategies. 
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