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ABSTRACT 

Training in Dyads: 

Cost-effective or Costly for Later Performance? 

by 

Amy E. Crook 

Previous studies have shown dyad training increases efficiency while trainees 

perform as well as those trained individually. The current studies investigated the effects 

of dyad training on immediate and delayed performance while exploring the roles of 

metacognitive activity and errors made during training. In Study 1, participants 

completed computer-based training for a software program alone or with a partner. All 

participants were tested individually at the end of training and one week later. Results of 

Study 1 suggested that learning retention is superior when people are trained individually. 

Study 2 investigated the importance of task interdependence and individual 

accountability in dyad training to determine if the effects found in Study 1 were related to 

social loafing or inherent in training declarative knowledge content in pairs. Constraining 

loafing in dyads did not result in equitable performance as individuals outperformed dyad 

trainees. Implications for practical applications of dyad training are discussed. 
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Introduction 

Training in today's ever-changing work environment has become increasingly 

important. As job responsibilities morph rapidly with technological advances, companies 

must provide training to employees at all levels to keep up. Such demands have sparked 

interest in group training. Specifically, research has suggested that training complex skills 

in dyads can be as effective as training individually (Day, Arthur, & Shebilske, 1997; 

Shebilske, Regian, Arthur, & Jordan, 1992). If there is no trade-off in learning and 

subsequent performance in a given domain, dyad training doubles efficiency in training 

by requiring only half of the time and resources necessary when people are trained 

individually. 

Prior studies of dyad training have used psychomotor tasks for training material, 

and I am interested in the effects of dyad training on skill acquisition for declarative as 

well as procedural tasks traditionally trained in an individual context. What are the 

necessary conditions for dyad training to lead to successful learning outcomes 

comparable to individualized training? Will partners help each other during training or 

hinder each other's learning progress? Does training with a partner impact one's 

immediate and/or delayed performance on the task? Finally, is dyad training effective 

when the training requires acquisition of a large amount of declarative knowledge? First, 

I review the relevant literature in dyad training. In Study 1, dyads are compared with 

individuals after software training to determine if previous paradigms which used 

complex perceptual-motor tasks will transfer to a task more dependent upon declarative 

knowledge. In Study 2,1 extend the findings of Study 1 by introducing a second dyad 

condition and provide further insight into the potential conditions required for successful 



2 

performance following dyad training. 

Background in Dyad Training 

Shebilske et al. (1992) originally developed the active interlocked model (AIM) 

for training in dyads. The protocol was designed to allow two partners to use an aviation 

video-game (Space Fortress) originally designed for one individual by separating a 

complex task into two distinct parts: flying a ship which shoots missiles (using a joystick) 

and managing mine detection and ammunition (using a mouse). The partners each control 

one part (either joystick or mouse) of the task and alternate which part they control 

between practice trials. Individuals control both parts of the task throughout the training; 

therefore, the trainees in the dyad condition receive only half of the amount of direct 

practice that an individual receives. On later tests of performance when all subjects were 

required to perform the whole task individually, results demonstrated that subjects 

training in a dyad performed similarly to those who trained individually. As there were 

no significant differences found in performance, Shebilske et al. (1992) concluded that 

dyad training using the AIM protocol can double training efficiency as it requires half the 

amount of time and half the amount of resources to train one's staff compared to the 

traditional model of training each person individually. 

Several replications of the AIM protocol in Space Fortress have been conducted 

(Arthur, Day, Bennett, McNelly, & Jordan, 1997; Day, Arthur, & Shebilske, 1997). In an 

effort to explore the potential mechanisms through which AIM protocol members learn, 

Shebilske, Jordan, Goettl, and Paulus (1998) investigated the effects of observational 

learning (Bandura, 1986). hi their study, dyads were composed of one performer and one 

observer. Performers completed the whole task throughout training practice trials while 
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observers simply watched the performers. Two additional conditions were included: 

individual trainees and test-only trainees. Test-only trainees completed filler tasks during 

training trials but completed the performance tests. Results showed that individuals and 

dyad performers performed equally well and dyad observers performed better than test-

only trainees, but not as well as individuals and dyad performers. These results 

demonstrated that observational learning in dyads is beneficial but not sufficient for 

learning equivalent to training individually. Full direct practice while being observed by a 

partner was comparable to training as an individual. 

Expanding upon these findings, Shebilske, Jordan, Goettl, and Day (1999) 

investigated the effects of direct practice, observational learning, distributed practice, and 

variable practice as potential reasons for why dyad training is as effective as individual 

training. Distributed practice refers to spacing practice trials across time with rest 

intervals in between, as opposed to massed practice in which the trainee completes all 

practice trials back-to-back with minimal to no rest in between (Schmidt & Bjork, 1992). 

Practice is variable when the trainee practices a task a number of times under differing 

conditions. In the Shebilske et al. (1999) study, participants completed 10 sessions of 

training. In each session, participants completed several practice trials followed by two 

test trials. Participants were assigned to one of 5 conditions: individual, AIM dyads, dyad 

performer, dyad observer, or test-only dyads. In this experiment, dyad performers 

controlled only half of the task (either the joystick or the mouse) throughout the practice 

trials with no partner controlling the other half of the task. Thus, the dyad performers 

represented trainees receiving half of the practice of an individual in a variable practice 

schedule without the benefits of observational learning. Dyad observers passively 
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observed a dyad performer throughout practice trials, while test-only dyads completed 

filler tasks during practice trials but completed the test trials at the end of each session. 

Tests of performance indicated that practice was beneficial (performers did better 

than test-only dyads), observation was beneficial (observers performed better than test-

only dyads), and the combination of half direct practice-half observation in AIM dyads 

was superior to the half practice of dyad performers. There was no significant effect of 

distributed practice, which was assessed by comparing test-only dyads' scores with 

individual scores after participants had completed 10 and 20 trials. Also, there was no 

significant effect of variable practice, which was assessed by comparing dyad performers 

with individuals. The lack of evidence for distributed and variable practice benefits 

suggests that the strengths of dyad training are not due to these mechanisms. These 

results demonstrated that when completing only half of the amount of practice as an 

individual, observational learning in addition to direct practice is necessary to achieve 

equitable performance. 

Another dyad study manipulated practice on a balancing device, called a 

stabilometer (Shea, Wulf, & Whitacre, 1999). The task required trainees to balance 

themselves on an unstable board. Practice was manipulated by alternating partners after 

each trial (dyad-alternate) or requiring one partner to complete half of the trials first while 

the other observed and then switching roles (dyad-control). The results showed that dyad-

alternate participants performed better than individuals and dyad-control participants. 

This study offers more positive evidence for dyad training using a psychomotor task. The 

AIM protocol can be used if the task can be split into two separate parts which dyads can 

jointly participate in, but when the task cannot be split into two equal parts for 
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simultaneous observational learning and direct practice, training programs should 

alternate direct experience and observational learning for maximum benefit. It is unclear, 

however, if these results will transfer to all types of tasks beyond those which are 

predominantly psychomotor in nature. 

Thus, the previous dyad training literature has highlighted the effectiveness of the 

AIM protocol, which is characterized by 1) requiring only half the amount of direct 

practice which individuals receive and 2) observational learning of a partner's practice. 

Errors in learning 

A separate literature has investigated the impact of errors on training. Errors are 

commonly made while learning new tasks, and continue to be made even after 

proficiency is reached. Brodbeck, Zapf, Plumper, and Frese (1993) found that 10% of an 

employee's time on a computer at work was spent handling errors. Though there is much 

literature in the cognitive domain concerning why errors are made and how people 

manage them (see Blavier, Rouy, Nyssen, & De Keyser, 2005 for a review), there are 

fewer studies investigating the effects of errors made during learning on subsequent 

performance. A recent study by Kay (2007) found that certain types of errors were 

negatively related to learning outcomes, but the effects of correcting errors was not 

considered. Much of the literature focuses on exposure to misinformation, which can alter 

a person's memory about an event or factual information (Brown, Schilling, & 

Hockensmith, 1999; Loftus, Miller, & Burns, 1978). 

Dyad training studies have not yet explored the impact of errors in training for 

later performance. In dyad training, a partner may provide misinformation concerning the 

necessary steps to complete tasks and therefore negatively influence their partner. Any 
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trainee can potentially misunderstand factual information given during a training 

presentation. In dyads, however, trainees may be influenced by not only their own errors, 

but also the errors of their partners. Additionally, even if a dyad trainee is able to detect 

that his/her partner has made an error, simply being exposed to the error may have 

detrimental effects. Brown (1988) found that exposure to misspelled words, even though 

they were labeled as incorrect and the participant had previously spelled the word 

correctly, resulted in a greater number of misspellings on a later test. Thus, even when a 

learner correctly understands a fact or concept, exposure to an error can negatively affect 

performance on both tests of immediate and delayed performance. These results have 

been replicated with general world knowledge facts in both cued-recall and multiple 

choice formats (Brown et al., 1999). 

Still, there is some evidence which suggests that errors are not harmful for 

learning (Heimbeck, Frese, Sonnentag, & Keith, 2003), and correcting errors can 

moderate their impact on immediate and delayed performance (Pashler, Cepeda, Wixted, 

& Rohrer, 2005). Heimbeck et al. (2003) found that allowing learners to explore the 

environment and thus make their own errors can be positive for later tests of transfer 

when learners are given positive encouragement to offset the negative affective emotions 

from making an error. The authors argued that committing errors during training may 

enhance the learner's mental model. 

To summarize, some previous research suggests errors may be detrimental to 

learning. Other studies find that correcting errors can buffer this effect. However, I am 

aware of no studies which examine how the effects of errors made in a group impact 

group members' later performance. Can people learn from other's mistakes just as they 
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can learn from their own? Learners in a dyad will experience their own errors from which 

they may recover, but if the mere exposure effect applies, they may be negatively 

influenced by their partner's errors. Correcting errors in a dyad situation may not 

completely reduce the negative consequences of those errors on subsequent performance, 

especially if one partner does not understand the error recovery process used by the other. 

Therefore, errors may interact with training condition (individual vs. dyad) in predicting 

later performance such that errors are negatively related to performance in the dyad 

condition but unrelated to performance in the individual condition. 

Metacognitive activity 

Metacognition is defined as the knowledge and control of one's cognitive 

processes (Eysenck & Keane, 2005; Flavell, 1979). Engaging in metacognitive activity 

includes monitoring one's learning progress, assessing the appropriateness of learning 

strategies, and determining how to spend one's time and cognitive resources on tasks 

which need to be mastered. Previous studies have demonstrated that self-reported 

metacognitive activity is positively related to both immediate and delayed test 

performance (Ford, Smith, Weissbein, Gully, & Salas, 1998; Schmidt & Ford, 2003). 

Metacognition in these studies (Ford et al., 1998; Schmidt & Ford, 2003) has been 

investigated in individual learning situations, but metacognition may have important 

implications for dyad training. When training individually with a program requiring 

practice tasks, participants must engage to a certain extent and assess their own 

understanding of concepts while trying to figure out the task. In contrast, it may be 

possible for participants working with a partner to metacognitively disengage from the 

task when observing their partner practice. Therefore, dyads may report lower overall 
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levels of metacognitive activity, which may be associated with lower test performance. 

Alternatively, partners may act as a metacognitive prompts by requesting that 

participants explain their understanding of a concept or assist them in thinking about 

areas of weakness which require further learning. The extent to which a partner 

encourages these monitoring processes may be positively related to post-training 

performance. 

Cognitive ability 

Cognitive ability is consistently found to be the most reliable predictor of training 

performance (Ree, Carretta, & Teachout, 1995; Ree & Earles, 1991). Previous AIM 

studies measured cognitive ability using the Raven Progressive Matrices (Raven, 1989) 

and found a positive relationship between cognitive ability and performance in Space 

Fortress for both individual and AIM dyad trainees (Day, Arthur, & Shebilske, 1997; 

Shebilske et al., 1999), but these studies have not accounted for cognitive ability before 

investigating if there are differences between individual and dyad trainees' outcomes. 

Because of its high validity in predicting training performance (r = .33, Olea & Ree, 

1994), I decided to account for cognitive ability prior to assessing any differences in 

performance between individual and dyad training participants. Observed differences 

between groups would thus be attributable to training condition rather than cognitive 

ability. 

Purpose of the Study 1 

Although there were no differences between individual and dyad trainees in skill 

acquisition in previous research (Shebilske et al., 1992), the training material used in 

AIM protocol studies has been limited to a flight simulation program (Space Fortress) 
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and a physical balancing device (stabilometer). The Space Fortress assessment represents 

"a complex and dynamic aviation environment" (Gopher, 1993, p. 299), and was clearly 

appropriate for the previous authors' targeted audience of aviation organizations. Their 

ground-breaking findings resulted in training changes for U.S. Air Force navigators and 

Aer Lingus airline pilots (Shebilske et al, 1998). The training content requires a high 

level of psychomotor skill, and performance tests depend heavily on quick reaction time 

in addition to knowledge of the task (Shebilske et al., 1999). 

As individuals encounter a new task, general cognitive ability is the greatest 

predictor of performance as the learner must learn declarative content and strategies 

(Ackerman, 1988; Anderson, 1982; see Figure 1, top panel). The learner must engage in 

controlled processing during this early acquisition phase, considering each step of the 

process. As the learner moves out of the declarative phase and practices the procedures 

more routinely, perceptual speed becomes the most important ability in predicting 

performance (see Figure 1, middle panel). Finally, once the skill is has been practiced 

sufficiently that automation begins to occur, psychomotor ability serves as the best 

predictor of performance (see Figure 1, bottom panel). Previous AIM dyad studies trained 

subjects through multiple sessions across multiple days, allowing participants to reach a 

certain degree of automaticity before testing performance, which was then best predicted 

by psychomotor ability (Day et al., 1997; Shebilske et al., 1999). The researchers 

utilizing Space Fortress recognize this psychomotor ability dependency inherent in the 

training, as they required potential participants to demonstrate proficiency in an aiming 

task before including them in the studies (Arthur et al., 1997). 
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Figure 1. Theoretical correlations between abilities and performance across time for skill 

learning (modeled after Ackerman, 1988) 

General Ability (g) 

Perceptual Speed 

Psychomotor Ability 
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Will dyad training remain effective in a context less dependent upon psychomotor 

abilities? In an effort to help generalize the findings to a broader organizational audience, 

the training material in Study 1 was chosen to reflect declarative knowledge learning 

commonly required by training programs without the importance of fast reaction times or 

finely tuned motor skills. Study 1 trained participants to use Microsoft Access, a database 

software program from the Microsoft Office Suite. General cognitive ability is an 

important predictor in learning Microsoft Access (Campbell, 2007), as Access tasks 

require a vast amount of declarative knowledge which continues to grow throughout 

training. It is unlikely that psychomotor ability is strongly related to Access tasks, as 

producing the correct task outcome is not dependent upon speed or reaction time. In a 

business training context like software training, learners are unlikely to practice to 

automaticity in training; as such, Study 1 did not train participants to automaticity. This 

training context, therefore, is less heavily dependent upon psychomotor ability than 

previous dyad studies. As computer applications training is commonly used by businesses 

across industries (Goldstein & Ford, 2002), I desired to investigate the effects of dyad 

training in a context that is salient to many companies: one based on content knowledge 

without high demands on psychomotor ability. 

A potential weakness of previous AIM studies is that performance was assessed 

immediately after skill acquisition in all studies except for one which investigated skill 

loss after an 8-week non-practice interval (Arthur, Day, Bennett, McNelly, & Jordan, 

1997). A two month interval may be an extensive period of time to compare differences 

in learning retention between individual and dyad trainees. It may be more likely that 

employees experience a one week delay between training and their next opportunity to 
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demonstrate their knowledge on the job. Skills not used within a week or so are likely to 

be low in importance or not frequently used on the job. Therefore, I assessed performance 

differences between training conditions one week after the completion of training in 

Study 1. Additionally, it is not uncommon for certain learning strategies (e.g. massed 

practice) to show initial boosts in performance but prove to be detrimental for long-term 

memory and performance (see Schmidt & Bjork, 1992, for a review), and it is possible 

that observational learning is difficult to maintain once the model is removed for an 

extended period of time. Therefore, dyads may experience a decrement in later 

performance compared to individuals who are not relying on memory of a modeler's 

actions. 

Prior studies have shown the importance of observational learning in conjunction 

with direct practice when training in dyads (Shebilske, et al., 1998). I investigated two 

other mechanisms in Study 1 which may be relevant to dyad training: errors made during 

learning and metacognitive activity. Study 1 supports the proposed beneficial 

mechanisms of AIM dyad training by training dyads through observational learning in 

conjunction with direct practice. Additionally, Study 1 measures errors and metacognitive 

activity in order to explore their potential relationships with performance in individual 

and dyad conditions. Will dyad trainees perform as well as individual trainees when the 

training content is less dependent on psychomotor skill? Dyad trainees may perform 

similarly to individual trainees immediately after training, but a one week delay may 

reveal decrements in dyad trainees' performance if observational learning is difficult to 

maintain. 



13 

STUDY 1 

Method 

Participants 

Sixty undergraduate students were trained on Microsoft Access either in pairs or 

individually and received course credit for their participation. Thirty participants were 

trained in a dyad (15 pairs), while 30 were trained individually. Only participants who 

completed all training and assessments were included in the analysis, resulting in a final 

sample size of 29 dyad participants and 25 individual participants. 

Training materials 

Access is Microsoft Office's database software program. I modified the training 

from a previous version created by Madeline Campbell, Ph.D. The training was presented 

through PowerPoint shows with accompanying audio instructions (see Appendix A for an 

example training slide). The training consisted of 3 instruction modules, each followed by 

2 practice tasks. The practice tasks required trainees to program queries which would 

extract a subset of desired information from a database table. Participants were given a 

pictorial display of the proper outcome with which they could compare their results to 

determine if they had created the appropriate query (see Appendix B). No step-by-step 

instructions were given, and the modules could not be reviewed, but a reference guide 

was available which covered the topics presented during the modules. 

Measures 

Background characteristics. Gender, age, cognitive ability, and computer 

experience were assessed with a computerized questionnaire. To assess cognitive ability, 

participants reported Scholastic Aptitude Test (SAT) scores. Prior computer experience 
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was measured as a control variable. A sample item from the five-item scale is "How 

much do you feel you are an expert at using Microsoft Excel?" Participants responded on 

a l-to-7 Likert scale (a = .80). All participants were required to have no previous 

experience with Microsoft Access or other database programs. 

Errors. The training session was audio and video recorded by ceiling mounted 

cameras in an observation room with one desktop computer. A one-way mirror allowed 

the experimenter to view the trainee(s) directly and adjust observation cameras 

appropriately to capture the actions of the trainees. During the practice tasks, if a trainee 

made a mistake while designing a query, the error was documented. Additionally, it was 

noted whether or not the error was corrected. In dyad pairs, errors were coded with 

respect to who made and who corrected the mistake. Each session was coded by two 

independent raters. To assess consistency, inter-class correlations were computed for the 

two raters' scores for errors in a session, (ICC = .90), and number of errors corrected, 

(ICC = .80). 

Metacognitive activity. Participants reported their metacognitive activity using a 

scale developed by Schmidt and Ford (2003). Items from the scale included: "If I got 

confused during this training program, I made sure I sorted it out as quickly as possible 

before moving on." Each item was rated on a 5-point scale, with 1 indicating "almost 

never" and 5 indicating "almost always" (a- .81). Additionally, subjects in the dyad 

condition responded to a scale measuring how much their partner prompted 

metacognitive activity. The 6-item scale was adapted from the Schmidt and Ford (2003) 

self-reported metacognition measure and was designed to capture partners' usefulness as 

a metacognitive prompt (e.g., "If I got confused during the practice tasks, my partner 
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made sure we sorted it out as quickly as possible before we moved on," a = .86). 

Participants were assured that their ratings would not be seen by their partner. 

Performance tests. Learning outcomes were measured using two skill-based 

performance tests, one delivered immediately after training and one completed one week 

later. The tests required participants to complete a number of tasks in Access which were 

similar in format to the training practice tasks. The tests measured skills participants 

practiced during training and also included transfer components not directly tested during 

training. An example test question is shown in Appendix C. 

Participants were awarded partial credit for answers as points were earned for 

each step of the task completed correctly (see Appendix D for scoring guide). Each test 

was composed of five tasks («= .72), and tasks ranged from 13 to 41 points in value, 

with more complex tasks worth more points. The total score for each test was represented 

as the number of points awarded for accomplishing the objectives divided by the number 

of points possible, yielding a percentage score ranging from .00 to 1.0. 

Procedures 

The study consisted of two sessions (see Figure 2). In Session 1, participants were 

informed that they would be audio and video recorded while learning how to use 

Microsoft Access, they would be tested at the end of training, and they would need to 

return to the lab one week later to complete a follow-up test. After completing the 

background measures, participants were taken to the observation room. They were 

instructed to listen attentively to the presentations and reminded that they would be tested 

upon the completion of the training. In the dyad condition, the instructions clearly stated 

that the participants would be tested individually, not as a pair. For both conditions, a 
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booklet of practice tasks and a reference manual created by the experimenter were 

present on the computer desk. Participants completed all sections of the training without 

any outside assistance; if they solicited assistance from the experimenter, they were 

reminded that they could use the reference manual. In the dyad condition, participants 

were instructed not to talk during the training presentations. Instructions at the start of 

each practice task stated which partner would be in control of the mouse for each task, 

and also indicated that they were welcome to communicate with their partner to complete 

the tasks. Each partner controlled the mouse for one of the two practice tasks per session, 

thereby allowing each participant to get direct and observational learning experience 

practicing the concepts presented in the module. The partner in control of the first task for 

the section varied by module. 

After the conclusion of training, all activities were completed individually on 

separate computers. All participants reported their metacognitive activity, and dyad 

participants additionally reported their partner's metacognitive prompting. Each 

participant then took the immediate performance test. One week later, participants 

returned to the lab for Session 2. No review or additional training was given. Participants 

completed the follow-up test and were debriefed and thanked for their participation. 

Results 

The between-subjects design allowed for comparison of participants by condition 

on two dependent variables: immediate and follow-up test performance. Overall, 

participants scored 67% correct (SD = .14) on the immediate test and 72% correct (SD = 

.15) on the follow-up test. Two participants (one in each condition) failed to answer a 

problem on the follow-up test; they were therefore not assigned a follow-up performance 
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score and excluded from performance analyses, resulting in a total of 24 participants in 

the individual condition and 28 participants in the dyad condition. Means and relevant 

correlations for the predictor variables with performance are listed in Table 1. Training 

errors in the individual condition were highly negatively correlated with performance (r's 

>-.52), but not significantly correlated with performance for dyad trainees. Self-reported 

metacognitive activity did not differ significantly by group (Min<jiv = 2.96, Mdyad = 2.98, 

£(53) = .09, p = .93) and was surprisingly unrelated to performance. 

Main effect of condition 

For analysis, both immediate and follow-up test scores were standardized. Data 

were analyzed in a 2 x 2 mixed factorial design, where Performance (immediate and 

follow-up) served as the within-subjects factor and Condition as the between-subjects 

factor. Cognitive ability and computer experience served as covariates in the ANCOVA. 

A main effect of cognitive ability was significant (F(l,48) = 4.97, p = .03) while 

computer experience was not (F(l,48) = 2.19, p = .15). The main effect of condition was 

not reliable at the .05 alpha level, but did suggest an overall superiority of the individual 

condition for performance (F(l,48) = 3.76, p = .058; see Figure 3). There was no main 

effect of performance, and the performance by condition, performance by cognitive 

ability, and performance by computer experience interactions were not significant (F's < 

1). Prior studies had not found differences between dyad and individual trainees at 

immediate test, but I had anticipated differences in conditions after one week due to dyad 

trainees' potential difficulty remembering information gained through observational 

learning after the model had been removed for an extended period of time. An ANOVA 

was conducted to test this specific hypothesis for follow-up test performance while still 
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Table 1 

Study 1: Means and Correlations of Predictors with Performance 

Immediate Test Follow-up Test 

M £D r 

Cognitive ability (SAT) 1416.15 131.45 JA !()5 

Computer Experience 21.96 4.90 .26 .03 

Errors made 

Individual condition 4.16 3.31 -.52** -.57** 

Dyad condition 

Errors corrected 

Individual condition 

Dyad condition 

Metacognition 

Metacognition prompted 

by partner (dyad only) 

Mean 

4.23 

3.70 

4.03 

2.97 

3.30 

2.33 

2.50 

2.49 

.64 

.89 

-.21 

-.55** 

-.23 

-.17 

.05 

.67 

.02 

-.64** 

.00 

-.18 

-.32 

.72 

SD .14 .15 

Note. Individual condition (n = 25), Dyad condition (n = 29) 

**p < .01 
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controlling for cognitive ability and computer experience. Results showed that there was 

a main effect of condition for the follow-up test (F(l,48) = 4.82, p = .03). Comparing 

adjusted means for follow-up performance, individuals demonstrated a 13.24% benefit 

over dyad trainees' performance. These results indicate that individual training is superior 

for retention one week following training. 

Figure 3. Study 1: Performance by condition after training. 
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Previous AIM studies have treated each dyad trainee as independent from their 

partner and did not report correlations with partner scores. In order to maintain analysis 
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Comparing dyad trainee test scores to their partner's scores, however, did reveal a 

negative relationship for immediate (r = -.50, p = .056) and follow-up tests (r = -.59, p = 

.03). As such, there may be some concern around analyzing each dyad score as an 

independent observation. 
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Effect of errors 

I believed errors would interact with condition, such that errors would be more 

negatively related to performance for dyads than individuals. Virtually all of the errors 

committed in the training program were corrected by the trainees, such that errors made 

and errors corrected were almost identical measures (r = .91, p < .001). As a result, I 

analyzed only the number of errors committed in the training. For individuals, zero-order 

correlations revealed that the total number of errors made during the training practice 

tasks was negatively related to immediate (r = -.52, p < .001) and follow-up test 

performance (r = -.57, p < .001). For participants trained in dyads, the total number of 

errors were not significantly related to immediate (r = -.21) or follow-up test performance 

(r = .02). To test the effects of errors and potential moderation, errors made in training 

were mean centered and an interaction term was created for errors by condition. After 

accounting for cognitive ability, computer experience, and condition, the ANOVA 

revealed a main effect of errors, which was negatively related to immediate test 

performance (F(l,47) = 5.47,p < .02). Moderation, however, was not supported (F < 1). 

For follow-up test performance, there was not a significant effect of errors (F(l,47) = 

3.29,p = .08), and a moderation effect was also not significant (F < 1). Errors committed 

in training were negatively related to immediate test performance, but this effect was not 

significant for follow-up performance. No reliable interaction was found between errors 

and condition. 

Metacognitive activity 

Investigating the role of partner prompted metacognitive activity in dyads, results 

indicated that after accounting for immediate test performance (F(l,26) = 11.35,/? < .01), 
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reporting greater levels of metacognitive prompting from a partner was negatively related 

to follow-up test performance (F(l,26) = 4.90,p = .04). Metacognitive activity was 

unrelated to a learner's test performance and negatively related to later test performance 

when the metacognitive activity was prompted by one's partner. 

Discussion of Study 1 

This study expanded previous work in dyad training by assessing performance 

one week following training and using different type of task which did not focus as 

heavily on psychomotor skills. The performance tests revealed that there may be negative 

consequences associated with training in dyads rather than alone. As the efficiency 

benefits of dyad training are apparent, the potential performance costs must be weighed 

carefully. My results suggest that observational learning may not compensate for less 

practice as benefits from observational learning may not extend to later performance due 

to difficulty associated with maintaining the learned processes once the model is removed 

for an extended period of time. From a cognitive memory perspective, direct practice 

may involve deeper levels of processing and hence deeper encoding than observational 

learning, resulting in the superior retention of learning from direct practice. 

Alternatively, it is possible that dyad trainees did not fully engage in 

observational learning while it was their partner's turn to complete the practice task. 

Because the method used in this study did not require partners to be actively interlocked 

in precisely the same manner as previous AIM dyad studies, dyad trainees may have 

engaged in social loafing during the training which in turn led to poor individual test 

performance. Social loafing is defined as a "reduction in motivation and effort when 

individuals work collectively compared with when they work individually" (Karau & 
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Williams, 1993, p. 681). The conditions which allow dyad training to be effective may 

extend beyond observational learning and direct practice and require specific constraints 

to deter decreases in motivation and effort. Study 1 tested the proposed mechanisms of 

the AIM protocol by preserving observational learning and direct practice between dyad 

trainees who were dependent on one another in order to complete the training. However, 

the method in Study 1 differed slightly from the original AIM protocol, such that 

dependency between trainees was spread across tasks rather than incorporated explicitly 

into each practice task. Constant interdependence of the task, built into the original AIM 

protocol, may be helpful in reducing loafing. To investigate the possibility that this 

difference influenced dyad performance, Study 2 used a new condition which forced 

dyad trainees to be constantly interdependent in precisely the same fashion as previous 

AIM studies during practice tasks. 

Errors were negatively associated with immediate performance but this effect was 

not significant for later performance. Although the test of moderation was not significant, 

zero-order correlations indicated that errors continued to have a negative effect on 

individuals for later performance, but there was no effect of errors for dyad trainees. 

Errors during training may have represented an individual's lack of understanding for 

Access concepts, thus negatively predicting subsequent performance. In dyads, it is 

possible that the impact of errors in training faded in part because these errors were a 

combination of personal and partner errors. 

These results have important implications for current trends in error-training. In 

error-training, trainees are provided with minimal instructions in order to encourage 

exploratory learning rather than step-by-step guided learning where errors are minimized 



if not eliminated (Heimbeck et al., 2003). Errors in this model are believed to be 

beneficial for learning, as long as the negative emotional effects of making errors can be 

abated. Error management instructions can be given to encourage trainees that "the more 

errors you make, the more you learn!" It should be noted that errors were not directly 

measured in the study by Heimbeck et al. (2003). Study 1 's results caution promoting 

errors themselves as good tools for learning. Instead, I would argue that the use of "error-

training" is beneficial because it requires the trainee to create their own solutions to 

problems through exploring their environment and requiring critical thinking about the 

concepts they have learned. Rather than championing the errors themselves, it may be 

more appropriate to champion the opportunity to make errors because the learner must 

critically consider many possibilities. In the end, however, it is best for learning if this 

critical thinking leads to the appropriate response rather than an error. 

Self-reported metacognitive activity was not predictive of performance, and in 

fact the direction of the non-significant correlation was negative rather than positive as 

found in previous studies (Ford et al., 1998; Schmidt & Ford, 2003). A potential 

explanation for this surprising result is that the scale used may have been inappropriate 

for the current training program. Schmidt and Ford (2003) created the scale for a 

computer training program that was high in learner-control and allowed participants to 

control the pace and order of the instruction. The Access training program did not allow 

this flexibility in receiving instruction, and as a result, many items in the scale may have 

been irrelevant to the participants (e.g., "I tried to think through each topic and decide 

what I was supposed to learn from it, rather than just jumping in without thinking."). 

The subscale for partner prompted metacognitive activity was intended to 
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measure the partner's helpfulness in thinking about one's cognitive processes, but may 

have actually measured the degree to which the participant was relying on the partner for 

help to get through the training. Previous studies in problem solving have suggested that 

dyads are inherently helpful in boosting metacognitive activity as they force the partners 

to compare their personal learning strategies and approaches and evaluate them (Brand, 

Reimer, & Opwis, 2003; Schwartz, 1995), but the results of the current study found no 

benefits of dyads for metacognitive activity. To investigate if these positive benefits are 

absent due to social loafing tendencies, Study 2 will attempt to constrain the dyad 

trainees' ability to loaf by making the contributions of each individual count towards the 

task. 

Finally, Study l's different results from previous dyad training studies may reflect 

a difference in the tasks trained. Prior dyad studies used psychomotor tasks as training 

content while Access training had few psychomotor requirements but a vast amount of 

declarative knowledge that trainees needed to acquire and employ in a flexible fashion. 

Study 2 further discusses the potential importance of task type on dyad training 

outcomes. 

STUDY 2 

Purpose 

The purpose of Study 2 is to clarify the reasons for negative consequences of dyad 

training found in Study 1 which were not apparent in previous dyad studies (Shea et al., 

1999; Shebilske et al., 1992; 1998). There are two potential reasons for the diminished 

performance by dyads following training. Social loafing by trainees may have decreased 

learning and retention, or observational learning may not provide sufficient support for 
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learning a task highly dependent upon acquisition of declarative knowledge. Two dyad 

conditions, described below, are used to further illuminate these issues: Switching Dyads 

(S-Dyads) and Interdependent Dyads (I-Dyads). 

Social Loafing 

Spreading the interdependence of the tasks by alternating partner control of 

practice tasks, as done in Study 1, may have reduced the effectiveness of dyad training, 

potentially through the mechanism of social loafing. Previous social loafing studies have 

frequently found that people are likely to put forth less effort towards a task when they 

are part of a group than when they are expected to complete the task individually (Karau 

& Williams, 1993; Latane, Williams, & Harkins, 1979). Several constraining factors have 

been identified to minimize social loafing, two of which are inherent in the original AIM 

protocol. First, making individual contributions towards the task identifiable reduces 

social loafing, presumably because individuals loaf because they are able to hide within 

the group (Williams, Nida, Baca, & Latane, 1989). Study 1 informed participants that 

they would be tested individually to emphasize individual accountability for learning, but 

it is possible that this warning was not strong enough to minimize loafing in the training. 

Following the AIM protocol in its exact prescription, Study 2 introduces a new dyad 

condition which makes individual contributions during training explicit. In this new 

condition, each trainee controls either the mouse or the keyboard for each task while their 

partner controls the other input. In Access, mouse movement is required to begin a query 

and enter certain programming commands. Keyboard typing is required to specify criteria 

(names or dates) and implement functions (and/or, >, <). Participant input to the task (or 

lack thereof) is thus apparent during practice. Trainees in this new condition are called 
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Interdependent Dyads (I-Dyads), as opposed to Switching Dyads (S-Dyads) who 

alternate control of the whole computer between tasks as described in Study 1. 

Having I-Dyads control separate portions of each task should also prevent trainees 

from feeling that their contribution to the task is redundant. Feeling one's effort is 

redundant in a group task is also likely to lead to social loafing (Kerr, 1983; Weldon & 

Mustari, 1988). As a result, interdependent group tasks typically have less social loafing 

because the group is not able to complete tasks without the effort of all members (Karau 

& Williams, 1993; Karau & Williams, 1995). As I-Dyads will control separate inputs, the 

practice tasks will be fully interdependent as they require both mouse and keyboard 

functions in order to complete the tasks. This fully mimics the AIM protocol used in 

previous dyad training studies, creating constant partner dependency within task. 

Task Differences 

Alternatively, the negative consequences of dyad training in Study 1 may reflect 

the differences in the type of task that was trained and the stage of skill acquisition 

trainees reached in Access training compared to prior dyad training studies. Anderson 

(1982) labeled the stages of skill acquisition as 1) the declarative stage, 2) knowledge 

compilation, and 3) the procedural stage; aligned with these stages are Schneider and 

Shiffrin's (1977) framework of 1) controlled processing, 2) mixed controlled and 

automatic processing, and 3) automatic processing. Prior research (Ackerman, 1988) has 

demonstrated these stages of skill acquisition reflect different psychological processes, as 

performance is predicted by different abilities: the declarative/controlled processing 

phase is highly dependent on cognitive ability while the procedural/automatic processing 

phase is strongly related to psychomotor ability. The previous Space Fortress studies 
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have shown that trainees are able to reach automaticity on several of the task components 

rather quickly, and thus performance was well predicted by psychomotor ability (Day, 

Arthur, & Shebilske, 1997; Shebilske, 1999). There are few declarative facts which 

trainees must learn before they begin the Space Fortress task, allowing learners to quickly 

move forward into the mixed controlled and automatic processing. Database 

programming, on the other hand, requires a large amount of factual knowledge before the 

programmer can begin the task of creating a new programming query, forcing the 

learners to remain in a controlled processing stage for a longer period of time. 

The AIM protocol may not be as successful in achieving equitable dyad and 

individual training outcomes when the task trained is predominantly declarative content 

and hence relies heavily on controlled processing. During the controlled processing stage 

required to learn declarative content, direct practice may be more important for learning 

as the learner must concentrate on each step of the task and recall factual knowledge to 

guide each action. As learning moves into the automaticity phase, less conscious attention 

is needed to complete the task as the person needs to begin the already automated 

procedure without utilizing controlled resources. Direct experience during this stage may 

be less important as the learner no longer needs practice formulating each step of the task. 

If the declarative nature of the content domain is the cause of weaker performance in 

dyad trainees, constraining social loafing in Study 2 will not improve dyad trainees' 

performance scores, and individually trained participants will still outscore S-Dyads and 

I-Dyads. If the AIM protocol is an appropriate training paradigm regardless of task type, 

highlighting task interdependency and individual contribution in the I-Dyad condition 

should allow trainees to perform similarly to those in the individual condition. 



Study 2 seeks to determine if training in dyads will lead to similar performance 

results as training individually when trainees' ability to socially loaf is constrained by the 

identifiability of individual inputs and constant task interdependency in training. Study 2 

replicated Study l's methods with the additional inclusion of I-Dyads: each participant is 

responsible for either the mouse or the keyboard in every practice task. This study 

follows the AIM format created by Shebilske et al. (1992) more exactly and allows for a 

more direct comparison of dyad training results with previous successful dyad studies. In 

Study 1, the lack of constraints on social loafing, through spreading task interdependence 

and minimal individual accountability during training (relative to the original AIM 

studies), maybe the cause of decreased follow-up test performance for S-Dyads. If so, 

the use of these social loafing constraints in Study 2 will cause test performance of I-

Dyad trainees to match the performance of individuals. 

Because there were no significant effects of errors in dyad trainees during Study 

1, Study 2 does not assess errors. Metacognitive activity prompted by one's partner in an 

I-Dyad may reflect the partner's encouragement of self-regulatory monitoring in this 

paradigm rather than serving as a measure of social loafing, since the AIM protocol's 

requirements of within-task interdependency and identifiability of individual inputs 

should constrain dyad trainees' ability to loaf during training. Partner prompted 

metacognitive activity may positively effect follow-up test performance in I-Dyads while 

this same measure may be negatively related to follow-up test performance for S-Dyads, 

as found in Study 1.1 predicted that the constraints introduced in the I-Dyad condition 

would result in performance more similar to individually trained persons. Analyses 

compare the S- Dyad and I-Dyad conditions with one another to determine if social 



loafing constraints increase performance in dyad training. Additionally, the dyadic 

conditions are compared with the individual condition. 

Method 

Participants 

Participants were 156 undergraduate students (70 male, 86 female) who received 

course credit or $30 for their participation. Six subjects did not complete the second 

session of the study and were dropped from the analyses. 

Measures 

The same measures were used as in Study 1 with the exception of no error 

collection (background characteristics, metacognitive activity, immediate and follow-up 

performance tests). Measures of self-reported metacognitive activity (a= .83), partner 

prompted metacognitive activity (a = .77), and performance (a = .76) were reliable. 

Procedures 

Participants were randomly assigned to one of three conditions: individual, S-

Dyad, or I-Dyad. After completing background measures, participants were given 

instructions according to their condition. Individuals and S-Dyads completed training in 

the same manner as described in Study 1.1-Dyads were informed that they would need to 

work together to complete the training tasks, as each partner would be required to control 

either the mouse or the keyboard for each practice task. The participants were told they 

would complete a test individually at the end of the training. At the conclusion of each 

training module, instructions indicated which partner would control the mouse and which 

partner would control the keyboard during the next practice task. Instructions stated that 

partners were welcome to communicate with each other in order to complete the tasks. 
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After the task was completed, I-Dyad trainees were instructed to switch control of the 

mouse and keyboard, such that each partner received experience using the keyboard and 

the mouse for the concepts covered in the training module. 

Participants completed the same metacognitive activity measures and immediate 

and follow-up tests after training as detailed in Study 1. 

Results 

Tests were scored in the same manner as completed in Study 1. Means and 

relevant correlations for the predictor variables with performance are listed in Table 2. 

Overall, participants exhibited competence on both immediate (M= .70, SD = .17) and 

delayed tests (M = .78, SD - .13). Self-reported metacognitive activity was again 

unrelated to performance and was not further analyzed. Reporting metacognitive 

prompting from one's partner was related differentially with performance by dyadic 

condition: for I-Dyads, this prompting appeared to be neutral or even positive for later 

test performance, whereas S-Dyads were negatively affected by their partner's prompting 

on both immediate and follow-up performance. 

For analysis, both immediate and follow-up test scores were standardized. Data 

were analyzed in a 2 x 3 mixed factorial design, where Performance (immediate and 

follow-up) served as the within-subjects factor and Condition as the between-subjects 

factor. Cognitive ability and computer experience served as covariates in the ANCOVA. 

Two subjects could not report an SAT score (one Individual and one S-Dyad member), 

and were not included in the analysis. The main effect of performance was not significant 

(F(l,143) = .84,p = .36), and no performance by covariate interactions were significant 

(p's > .10). As anticipated, there was a strong main effect of cognitive ability (F(l,143) = 
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16.89,/? < .001). Computer experience did not impact performance (F < 1). The main 

effect of condit ion, however , was significant (F(2,143) = 8.81,/? < .001), indicating that 

performance amongst the individual, S-Dyad, and I-Dyad condit ions differed after 

training. 

Table 2 

Study 2: Means and Correlations of Predictors with Performance 

Immedia te Test Fol low-up Test 

~M ST) r 

Cognit ive ability (SAT) 1445.51 105.09 .36*** .25** 

Computer Experience 21.68 3.94 .00 .09 

Metacogni t ion 3.01 .67 -.07 .03 

Metacogni t ion prompted b y 

partner ( I -Dyad) a 3.20 .81 .00 .24 

Metacogni t ion prompted b y 

partner (S-Dyad) a 3.20 .82 -.29* -.43** 

Mean .70 .77 

SD .17 .13 

Note. N = 150, an = 50, ***p < .001, **p < .01, *p < .05 
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To further elucidate the effect of condition, a priori orthogonal contrasts were 

used to compare performance of a) the two dyadic conditions with the individual 

condition and b) the S-Dyad condition with the I-Dyad condition. Participants in the S-

Dyad and I-Dyad conditions performed significantly worse than participants in the 

individual condition (/(143) = 4.14, p < .001). There was not a significant difference 

between S-Dyad and I-Dyad conditions, however (/(143) = .73, p = .47). The effect of 

condition is illustrated in Figure 4. Considering both immediate and delayed test 

performance, individuals performed far superior to either of the dyadic conditions. The 

effect sizes between individuals and the dyad conditions are moderate to large, as defined 

by Cohen (1988; see Table 3). Distributions of average overall performance by condition 

were created by saving the residuals from the ANCOVA and adding each condition's 

mean score to the residuals. These distributions are graphed in Figure 5. 

Figure 4. Study 2: Performance by condition after training 
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Table 3 

Effect Sizes for Performance Differences in Study 2 

Comparison Mi(SDi) M2(SD2) d Confidence Interval p 

Individuals versus S-Dyads .80(. 12) .70(.12) M .39-1.21 <.001 

Individuals versus I-Dyads .80(.12) .72(.12) .66 .25-1.06 .001 

S-Dyads versus I-Dyads .70(.12) .72(.12) -.14 -.54-.25 .49 

Because there was some evidence in Study 1 that dyad partners' scores may not 

be independent, I examined the correlation between partner scores for each dyadic 

condition. S-Dyad scores were not related to one another on the immediate or follow-up 

tests (r = -.01 and r = .04, respectively). I-Dyad scores on the immediate test were 

negatively related to one another (r = -.52,/? < .01), but this effect disappeared on the 

follow-up test (r = A4,p = .52). The independence of dyad scores appears to be 

inconsistent, and future studies may consider an alternative form of analysis such as 

hierarchal linear modeling to account for the effect of group. 

Because all observations were independent for the follow-up test, tests of 

performance differences for follow-up performance would not be compromised. An 

ANCOVA was computed with only follow-up performance as the dependent variable. 

The main effect of condition remained significant (F(2,148) = 5.64,p < .01), with apriori 

contrasts again demonstrating no reliable differences between S-Dyads and I-Dyads 

(7(143) = .62, p = .52) while individuals outperformed the dyadic conditions (V(143) = 

3.31,/? = .001). Even adjusting for group relationships, dyadic conditions were clearly 

inferior to the individual condition. 
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Figure 5. Study 2: Distributions of average performance by condition 
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As shown in Table 2, reporting metacognitive prompting from a partner was 

related to poorer test performance for S-Dyads, but for I-Dyads, this prompting appeared 

to be related to higher test performance specifically in the follow-up test. To test the 

potential interaction of metacognitive prompting with condition in predicting follow-up 

test performance, prompting by a partner was mean centered and an interaction term was 

created. An ANOVA was conducted to determine the effects of dyadic condition, 

metacognitive prompting, and a potential interaction. Accounting for immediate test 

performance, cognitive ability, and computer experience, main effects of condition and 

metacognitive prompting were not significant (F's < 1). The interaction term, however, 



was significant (F(l,92) = 10.18,/? < .01). The relationship between prompting and 

performance for each condition is illustrated in Figure 6. This suggests that the two dyad 

conditions may vary in the way that they interact and support one another's learning, but 

this positive benefit for I-Dyads did not lead to higher performance, as dyadic conditions 

did not differ reliably on performance. 

Figure 6. Study 2: Metacognitive prompting from a partner and follow-up performance 
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Metacognitive Prompting by a Partner 

Discussion of Study 2 

The I-Dyads were given specific parameters designed to constrain social loafing 

in order to achieve performance similar to individually trained participants after training. 

These extra measures, however, did not significantly bolster performance, and the I-

Dyads performed similarly to the S-Dyads. Although the relationships between 

metacognitive prompting and later performance suggest that I-Dyads may support one 

another's learning differently from S-Dyads, this difference did not translate to increased 
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performance. With an increase in overall subjects, the differences between dyads and 

individuals were significant across performance time points; that is, in Study 1, the 

difference between individuals and dyads on the immediate test was non-significant, with 

individuals performing significantly better only on the follow-up test. Study 2 revealed a 

strong main effect of condition across performance points; individuals simply 

outperformed both S-Dyads and I-Dyads. 

Social loafing does not appear to be the culprit for lowered performance in dyads, 

which begs the question, why is individual training superior to dyadic training for this 

task when previous studies found no differences in training conditions? The benefits of 

dyad training are linked to observational learning in the original AIM protocol which has 

been tested with a complex cognitive task that has significant psychomotor elements. 

Bandura's social learning theory (1986) requires that observer be aware of the 

consequences of the modeler's behavior for observational learning to take place. In the 

Space Fortress task, knowledge is demonstrated through action which is observable on 

the screen: flying the plane in a particular pattern, firing missiles at a particular target, 

and so on. Scores are represented in real-time at the bottom of the screen, providing 

instant feedback. Therefore, observing one's partner can be a very effective medium for 

learning new patterns of action or strategy as the results are clearly connected to 

accompanying actions. In Microsoft Access, observers were able to see positive and 

negative outcomes by comparing resulting queries in practice tasks with a graphic of the 

correct query, but the feedback occurred only once the trainee finished entering all of the 

information required for the task and then ran the query. As a result, the time between 

modeler's actions and outcomes is significantly larger than previous studies and may 
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have impeded observer's ability to connect appropriate actions with resulting outcomes. 

Information encoded from observation, then, may be more susceptible to improper 

attribution of actions with outcomes or a general uncertainty in how the outcome was 

acquired. In this interpretation, complex perceptual motor tasks are more supportive of 

observational learning than a task which relies more heavily on declarative knowledge in 

order to connect visible actions with outcomes. 

Additionally, the Space Fortress studies allow for trainees to practice the required 

skills across multiple sessions and multiple days. In the model of skill acquisition 

proposed by Anderson (1982) and acknowledged by Shebilske and colleagues (1998), 

this may allow for trainees to move beyond controlled processing and into automatic 

processing of many of the task skills (such as controlling the ship and firing) early on in 

training. Because the Access training only lasted for approximately one hour on one day, 

many of the skills may not have had sufficient time and practice to move from controlled 

to automatic processing. For many corporate training programs, training to automaticity 

is not feasible within the limited time frame and practice opportunities available during 

training. 

Still, providing more training time may not have altered performance outcomes 

between dyadic and individual trainees. The current software training has inherently few 

procedures which are repeated in each task, and the tasks which are repeated and can be 

automated are lower level skills such as opening up the file and creating a new blank 

query. These automated procedures only serve to begin tasks and will not provide much 

help in completing the task requirements of retrieving specific information from a 

database. Increasing training time may assist in further automaticity of the basic order of 
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steps to create a query, but the design of the programming is quite variable and thus acts 

almost as a new problem solving task each time requiring a high level of declarative 

knowledge in order to perform the task. In order to know how to retrieve the requested 

information, users must determine what the dependencies are in the request (orders from 

"B's Beverages" that were placed after 1/1/1996 versus orders from "B's Beverages" OR 

orders placed after 1/1/1996) and recall the appropriate programming language rules. 

Perhaps observational learning benefits only apply to skills which can be automated and 

therefore remodeled by the learner during practice and later performance tasks. 

Mimicking previously observed actions may not help a user when faced with a new task 

that differs on small but meaningful details, and therefore, automaticity cannot support a 

large portion of the task which relies on declarative knowledge. Under these conditions, 

dyad training is not an effective means for acquiring new skills. Observational learning 

thus did not sufficiently support learning a task that did not provide immediate feedback 

for user's actions and did not allow for automaticity of the task components. 

General Discussion 

Arthur et al. (1997) conducted a study focused on skill loss and reacquisition of 

skills learned in Space Fortress, but the eight-week interval between the end of training 

and reassessment was particularly lengthy and designed to measure if skill losses after an 

extended period of time were equivalent for individual and dyad trainees. Rather than 

focusing on an expected loss of skill, this study measured the retention of knowledge and 

skills immediately after training and after one week's time. Different jobs and industries 

will differ in the time lag between training and implementation of learning; as such, the 

one-week delay used in this study expands our understanding of the effects of dyadic 
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training over time and may represent a more relevant time lapse for some organizations 

than an eight-week delay. The results of Study 1 caution the use of dyad training with the 

expectation that dyads will perform as well following the training as individually trained 

persons. 

Study 2 investigated social loafing constraints during training as a possible 

necessity for dyad trainees to perform as well as individuals one week later. Weakened 

task interdependence and minimal individual accountability in training were not the 

causes of decreased performance for dyads, as both I-Dyads and S-Dyads in Study 2 

failed to achieve performance of individually trained persons. The performance of I-

Dyads was not significantly better than S-Dyads, suggesting that social loafing played a 

negligible role in dyad training in these studies. 

The current findings are discrepant with previous dyad training studies and 

highlight the importance of considering the task when determining if dyad training is 

appropriate. The difference in individual and dyadic performance in the current studies 

suggests that the AIM protocol may not be sufficient to sustain performance in dyad 

trainees in domains which focus on declarative knowledge rather than procedural skill. 

Observational learning cannot effectively occur when tasks distance a modeler's actions 

with the results as is the case in the current declarative knowledge task. Future research 

should investigate the utility of immediate feedback to support observational learning for 

declarative knowledge tasks. Training programs which focus more heavily on content 

knowledge than perceptual-motor skills must consider the possible consequences of 

training in dyads or teams, particularly if little support will be provided for connecting 

observable actions to outcomes. 
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I have interpreting the current findings within the framework of skill acquisition 

theory (Ackerman, 1988; Anderson, 1982). One cannot rule out, however, the possibility 

that there are other relevant task differences between Access and Space Fortress not 

considered here. In order to better understand the contingencies required for dyad training 

to be effective, a wide range of tasks should be investigated across acquisition stages. 

Perhaps dyad training is most beneficial after trainees have some working knowledge of 

the content if the task is complex. Another possibility is that skills with a more salient 

social aspect (such as public speaking or negotiating) are appropriate tasks for dyad 

training because of their social nature, regardless of the amount of declarative content 

learning required. 

There are some limitations of the current studies. First, the participants in these 

studies were very high in cognitive ability compared to the general population. It is 

possible that dyad training may provide useful support for lower or average ability levels 

when compared individual counterparts. Day et al. (2005) compared training in high 

ability teams, low ability teams, and mixed ability (one high and one low partner) teams, 

which performance assessed individually during and after training. High ability 

individuals did best on individual measures of performance when they learned with 

another high ability team member while low ability individuals did benefit from learning 

with a high ability team member. These teams were not compared to individually trained 

counterparts, but the results suggest that the current studies' teams of all high ability 

learners should have provided the optimal environment for learning. Still, a wider range 

of ability levels could be considered in future studies of dyadic training, as average or 

low ability individuals may benefit from training with a partner as opposed to training 
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alone. 

In conclusion, these studies extend previous findings in dyad training by offering 

evidence of performance deficits for dyad trainees as compared to individual trainees 

when skills may not reach automaticity and the task is based largely on content 

knowledge. Previous dyad training researchers established the importance of 

observational learning and direct practice for successful performance. Observational 

learning either did not occur or was not a sufficient substitute for direct practice in a task 

which relied more heavily on declarative knowledge. Although dyad training can reduce 

training time and resources, learning retention was inferior to individuals immediately 

after and one week following training, suggesting that pairing up trainees may be costly 

for an organization rather than cost-effective. 
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Appendix A 

Example screen and accompanying audio from training presentation 

Designing a Totals Query 
Eto EJX feew |PM*I Uuary i « b jtfndox, ryp 

if1 Queryl : SelecS Query 

Click total icon Fx" 
to display Total 
row 

Click in Total 
row and select 
calculation 

Run the query 

Question: What is the average salary in each country? 

Audio: 

"First, you add the Country and Salary fields to the query design. Turn on the 

totals function by clicking on the totals icon on the toolbar. This will display the "total" 

row in the design view table, above the sort row. Here, we want to know average salary, 

so we would select average from the drop down menu in the Salary column. Then run the 

query by clicking the run icon on the toolbar. 

Remember that you must do the calculation in the relevant column, and on 

numeric data, such as salary, not on text data, such as country." 
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Appendix B 

Example of training practice task 

The Shipping Department has requested information on orders going to France and USA 
on certain dates. 

Using the QUERY function, display data on Customer, Freight, Required Date, and Ship 
Country, in that order. Your dynaset should include the following records: 

• Those with Required Dates between 9/1/1996 and 1/1/1997 (inclusive) and that 
are going to France 

• Those with Required Dates between 1/1/1998 and 12/1/1998 (inclusive) and that 
are going to USA 

Check your results match the criteria in the question. 
You should have 53 records. 

SAVE your query as P2. 

Your dynaset should look like this: 

isr P? : Sclccl Query 

• 

— 

Customer | 

Vins et alcools Chevalier 
Vins et alcools Chevalier 
Blondel pere et fils , 
Du monde entier 

Bon app' 
Victuailles en stock 

Bon app' 
La maison d'Asie 

La maison d'Asie 
Blondel pere et fils i 

Bon app' ! 
La maison d'Asie 

The Cracker Box 

The Big Cheese , 
Princesa Isabel Vinhos ; 

Save-a-lot Markets 
Great Lakes Food Market 

Rattlesnake Canyon Grocery 
Split Rail Beer & Ale 

Trail's Head Gourmet Provisioned; 
Save-a-lot Markets 
Rattlesnake Canyon Grocery | 
Old World Delicatessen ! 

White Clover Markets j 
Lonesome Pine Restaurant 
Save-a-lot Markets 

Record: (iiJT)| 19 [ • J[M]|>*) 

Freight 

$6.01 
$1.15 
$5.74 

$24.69 

$10.19 
$8.56 

$166.31 
$64.19 

$19.64 
$131.70 

$96 04 

$0 45 
$20.25 

$237.34 
$45.53 
$14.62 

$719.78 

$37.52 
$36.68 

$7.00 
$487.57 
$174.05 
$170.97 

$14.93 
$1 93 

$23.10 
of 53 

I- n 
Required Date | Ship Country 

9/3/1996! France 
9/30/1996! France 

10/16/1996! France 
10/4/1996! France 

11/27/1996: France 
11/18/1996! France 

11/26/1996! France 

12/9/1996: France 

12/18/19961 France 
12/20/1996! France 

12/23/1996! France 

12/31/1996 France 
1/9/1993 USA 

1/27/1998 USA 
1/29/1993, USA 
2/2/1998, USA 
2/3/1998! USA 

2/4/1998! USA 
2/5/1998 USA 

2/5/1998; USA 
2/5/1998 USA 
2/9/1998 

2/24/1998 

2/27/1998 
3/17/1998 

3/11/1998 

USA 
USA 

USA 
USA 
USA 

X | 

-^
1 
; 
• 

i 

i 

> 

Now please CLOSE ACCESS ENTIRELY and return to the training presentation. 


