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Abstract


This study evaluated the impact of a team-skills training intervention on students’ subjective experience of workload when working in collaborative groups. Three cohorts of students (N = 295) taking an undergraduate degree unit were compared across three successive years, in which presence or absence of training was varied. Students in trained groups reported lower levels of subjective workload than those in untrained groups and also performed better across a range of academic exercises. This effect was moderated by whether students were regrouped half-way through the academic year. Results are discussed in terms of theories of team-skill acquisition and issues in skill transferability caused by regrouping.
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1. Introduction


Collaborative learning (CL) is an educational approach in which the learning environment is structured so that students work together towards a common learning goal (Prichard, Bizo, & Stratford, 2006). With the early research on CL having established the cognitive and affective benefits of CL (Ames & Murray, 1982; Dansereau, 1985; Johnson & Johnson, 1979; Johnson, Johnson, Buckman, & Richards, 1985; Slavin & Tanner, 1979), researchers have subsequently considered how these benefits can be maximized. One strand of research that has considered the importance of group preparation for collaborative work has found that team-skills training interventions can further promote group and individual learning outcomes and increase affective outcomes such as group cohesion, and task satisfaction (Gillies & Ashman, 1996; Prichard, Bizo, et al., 2006; Prichard, Stratford, & Bizo, 2006). 

In the present article the effects of team-skills training on CL were further investigated, with a specific focus on its effect on students’ subjective experience of workload. CL is a social process that requires students to not only attend to the learning task, but to also attend to one another. This dual requirement potentially makes CL a highly demanding activity for students, with possible implications for learning and performance (Druckman & Bjork, 1994; Moreno, 2009; Rogers, Maurer, Salas, & Fisk, 1997). This may particularly be the case if students lack the necessary skills to work together effectively. Therefore, the present research considered whether team-skills training reduced students’ subjective experience of workload when subsequently learning in groups whilst still maintaining a performance advantage.
1.1. Workload

The effect of workload on performance has been one of the most widely studied areas of human capability (Bowers, Braun, & Morgan, 1997).  However, there has been little research into the effects of workload on groups and still less in relation to collaborative learners. Despite the absence of empirical study to date, it is possible to theorise about collaborative learners’ experiences of workload by turning to models of group performance (Prichard, Bizo, et al., 2006). 

The “Team Evaluation and Maturation Model” of teamwork (Morgan, Glickman, Woodard, Blaiwes, & Salas, 1986) distinguishes between two necessary elements of effective group activity, namely “team work” and “task work”. Morgan et al. (1986) define “task work” as being group members’ interactions with the task itself including all of those things usually associated with individual workload. In contrast, “team work” relates to those interactions that arise out of the necessity to work with others in order to communicate and coordinate the group effort. Based on this model, Bowers et al. (1997) proposed that in contrast to individual workload, the workload experienced when working in a group or team (i.e., teamwork) consists not only of workload demands associated with “task work”, but also of workload associated with “team work” plus the requirements to time-share task performance with group interactions. The conceptualisation of teamwork in such terms suggests that in comparing the workload of an individual performing a task with that of team members performing the same task there will be differential effects on the “task work” and “team work” elements. On the one hand the distribution and division of a task across a team might alleviate high individual workload associated with the “task work” element of the activity (Beith, 1987). On the other hand, the requirement for coordination in teams, the “team work” element, might increase individual workload beyond that inherent in individually performed tasks where coordination with others is not required (Kidd, 1961). 
1.1.1. Group workload


For an individual working alone workload has been defined as the amount of attentional resources required to complete a task (Young & Stanton, 2000). Central to this definition is the premise that an individual has a finite pool of attentional resources. If task demands exceed an individual’s capacity, task performance will suffer. The quantity of resources available at any given moment in time is a function of the individual’s overall resources availability, the resources being used to perform the task, and the efficiency with which these resources are administered. Unlike an individual working alone, when working in a group team-members’ resources will not only be used to perform the task, but also to engage in teamwork activities and to manage resource allocation between “team work” and “task work”. The efficient use of resources will therefore depend on the individual’s level of training and expertise in both task and team skills. Demands on resources may be further altered by the degree of external support available, such as peer assistance and cooperation between team members. Therefore, group workload can be defined as “the level of attentional resources required to perform task work and teamwork, as well as time-sharing between the two workloads. These demands may be moderated by the efficiency with which the available resources are administered, which in turn may be influenced by expertise and training in the skills required for each of the above activities, and by external support from other team members”.

Consistent with other group constructs, group workload is conceptualized as the aggregate of individual member workload experienced in the context of performing a specific task. It can be further posited that individual members’ subjective experience of workload will be interdependent due to the additional requirement of coordinating activities and the efficiency with which this is achieved. Where demand exceeds availability of resources, perhaps because a team member lacks the necessary task or team skills, or because the team fails to work together in a coordinated fashion, then performance is likely to suffer. Therefore, although group workload might be considered at the group level, it is useful in the context of CL to look at the individual experience of workload prior to aggregation. These individual measures enable the consideration of how working in a group influences the experience of individual learners working on a task rather than working alone, and to understand how this relates to learning.  
1.1.2. Group workload in CL environments 


Although there is currently little research on group workload in educational contexts, the ideas associated with individual workload experienced by learners have been developed through Cognitive Load Theory (CLT) (Paas, Renkl, & Sweller, 2004; Sweller, 1988; Sweller, Chandler, Tierney, & Cooper, 1990). This theory proposes that during learning cognitive load comes from the demands made on working memory and information processing, with distinctions made between intrinsic load (the load due to the task properties), extrinsic load (the load due to the instructional design rather than the task itself) and germane load (the load due to schema construction and learning). The theory recognises that the cognitive and attentional resources available to learners are limited and aims to promote learning by designing the educational environment in ways that attenuate task demands (Beckman, 2010). 

Moreno (2009) has proposed that the additional processes that result from the use of collaborative methods are likely to increase the experience of cognitive load, a comment that reflects the views of those working in teamwork domains (Beith, 1987; Bowers et al., 1997; Morgan et al., 1986). Therefore, finding ways of designing CL environments that prevent cognitive overload by reducing the demands associated with this method of learning is an important aim for research. By integrating the theory of CLT with the theories of workload in teams, one can conjecture the task work as being the intrinsic load, with the teamwork and the time-sharing requirements as being the extrinsic load. Germane load in CL groups would be analogous to either a task-related or a team-related learning component. Thus, in a CL environment, one approach to preventing overload and promoting learning is to try to reduce the extrinsic load associated with the teamwork aspect of cognitive demands to free resources for learning about the task. This can be done by training team skills. 
1.2. Factors influencing “team work” load

The definition of group workload suggests that the level of team work load associated with CL may be influenced by two factors that could be of particular importance, namely expertise in terms of the level of team skills, and external support in terms of the level of peer assistance and coordination. Each of these two factors could be influenced by team-skills training. 

1.2.1. Training and skill expertise

Schneider and Shiffrin (1977) proposed that the workload experienced during task performance is determined by the balance of automatic processes, which are fast and attention-free, and controlled processes, which are slow and attention demanding. Therefore the workload experienced when performing a task will be less when more processes are carried out automatically. Research has further shown that when performing the same task, experts experience less cognitive load than novices because in experts more cognitive processes are carried out automatically (Gopher & Kimchi, 1989; Shiffrin & Schneider, 1977; Schnotz & Kürschner, 2008). Models of cognitive skill acquisition suggest that as skill level increases through training there is a shift from controlled to automatic processing and an associated shift from higher to lower workload. This occurs as learners progress from declarative stages of knowledge about the skill, to procedural stages where knowledge is effectively organized and coordinated to perform the task smoothly (Anderson, 1982).

Although much of the research on learning and cognitive load has been dominated by consideration of cognitive skill development, Gist and Stevens (1998) have argued that models of cognitive skill acquisition can also be usefully applied to interpersonal skills such as team-skills. They propose that interpersonal skills are similar to cognitive skills in that they require the learner to acquire the cognitive aspect of those skills and then learn how to apply them to specific tasks. They also note, however, that interpersonal environments are characterized by high levels of dynamic complexity. Therefore the progression from learning basic factual knowledge to the use of this knowledge in situations that are constantly changing is complicated.  The rules learned in the declarative stage often do not map simply onto new situations. Instead the learner has to learn to apply knowledge about skill components to situations and contexts different from those encountered whilst learning the skill. Gist and Stevens (1998) assert that learners achieve this generalisation of a skill as they move through three cognitive levels of interpersonal skill acquisition, namely recall, comprehension, and synthesis. These are analogous to Anderson’s (1982) three stages of cognitive skill acquisition and are similarly associated with a shift from controlled to automatic processing. 

Gist and Steven’s (1998) model applied to CL environments, therefore, allows a shift of attention from the cognitive skills required to do the task itself to the interpersonal skills required to relate to and work with other group members. In the present study it was assumed that an “expert” in team skills would experience lower workload due to greater automaticity of the constituent interpersonal skills. Furthermore, team-skills training would result in a shift from controlled to automatic processing in relation to the “team work” element of group work and a corresponding shift from higher to lower perceived overall workload. Someone who is a relative “expert” in the use of team skills as compared to a novice would consequently have more attentional resources available for the task work and be able to commit those resources to task-related cognitive processes involved in learning, such as the elaboration of ideas. Thus, lower team-related workload should be associated with higher performance.
1.2.2. Training and support from team members

Workload in CL groups may also be influenced by the presence of other team members as a consequence of how the work is distributed amongst the group and how effectively they work together to perform the task (Rouet, 2009). For example, team-member support may affect subjective workload depending on the effectiveness of teamwork. Where team members have the necessary team-skills to enable the group to interact efficiently, performance is made easier reducing the effort required for completion. Thus, not only will high levels of team-skill expertise lower an individual’s experience of workload due to a higher degree of automaticity of the relevant skills, but additionally the coordination of one’s efforts with others will be made easier if the others are similarly skilled. This is especially important when the task is complex and involves a high degree of interdependence of team members (Prichard & Ashleigh, 2007). 

Ideally the workload will be equally distributed amongst learners. However, although equal division of labor is possible, process losses such as social loafing may result in inequality in the way the workload is distributed, raising the workload associated with the task for some members should they choose to compensate for others to maintain the overall level of performance (Diehl & Stroebe, 1987; Latané, Williams, & Harkins, 1979; Steiner, 1972). Team-skills training has been shown to raise cohesion levels and commitment to the group, with trained group members reporting that work was shared more equally (Stratford, Bizo, et al., 2006). These findings suggest that groups who experience team-skills training are likely to report lower levels of workload overall and that workload will be more equally distributed across team members.

Although previous research on training of teamwork skills (Prichard, Bizo, et al., 2006; Prichard, Stratford, et al., 2006) leads to the prediction that those who receive training will experience lower levels of workload when working in CL groups, this same body of research also suggests that under some circumstances these benefits may be disrupted. Here the literature has focused on the implications of regrouping students. The evidence is that when trained students are regrouped the benefits for group and individual learning are reduced (Prichard, Bizo, et al., 2006; Prichard, Stratford, et al., 2006). This has been explained in previous research by variations in the degree of transferability of some team skills and in attitudes towards teamwork developed in training (Cannon-Bowers, Tannenbaum, Salas, & Volpe, 1995). Some skills acquired are generic and readily transferred from one team to another; for example, interpersonal skills and attitudes towards teamwork. In contrast, other skills are specific to the team, for example knowledge of other team-member’s behavioural style. Therefore not all skills developed during training will be transferred on regrouping. Rather some team-specific aspects will be lost which is likely to have a negative impact on workload as team processes will become more effortful as the newly formed team tries to deal with the disruption. 

Further support for the idea that regrouping negatively influences workload and weakens performance comes from the transactive memory literature (Moreland, 1999; Moreland & Myaskovsky, 2000). Transactive memory is a distributed knowledge-sharing system in groups that consists of the task-related knowledge possessed by the group, plus an awareness of the location of that knowledge across different group members (Liang, Moreland, & Argote, 1995). Knowledge about how task-specific expertise is distributed and inter-relates is developed over time as group tasks are performed. Research has shown that groups with highly developed transactive memory systems perform better than those in which transactive memory systems are absent or disrupted (Lewis, 2004; Lewis, Lange, & Gillies, 2005; Michinov & Michinov, 2009; Moreland, 1999). It has further been found that one way through which transactive memory can be promoted is through team-skills training. Prichard and Ashleigh (2007) found that groups which received team-skills training showed higher levels of transactive memory and performance. 

Failure to understand how knowledge and skills are distributed within the team may result in problems in coordination and a lack of trust in others’ expertise resulting in the excessive monitoring of task activities. Such a disruption in efficient teamwork is therefore likely to increase the “team work” load of group activities (Lewis et al., 2005). One way in which a group’s transactive memory system may come to be disrupted is through regrouping. Research which has considered the reassignment of group members to new teams has shown that unless members are able to retain stability in their new group in terms of maintaining their area of expertise, then learning, performance, and transactive memory are negatively affected (Lewis et al., 2005; Moreland, 1999). Lewis et al. (2005) proposed that this occurs because of the extra demands caused by developing a new transactive memory system, which interferes with learning. Thus consistent with the definition of group workload, loss of the external support of familiar group members and the transactive memory system previously established is likely to reduce the efficiency with which attentional resources are brought to bear on a task. 
1.3. The present study – Hypotheses 


Based on this review of the literature relating to skill acquisition and team- member support, the present study explored the impact of team-skills training on both subjective workload and student performance in the context of a group-based undergraduate course. Specifically it tested the following hypotheses relating to the effect of team-skills training on subjective workload. (a) Team members who receive team-skills training will report lower subjective workload and achieve a higher performance when carrying out a collaborative task than team members who receive no training (Hypothesis 1a). (b) Student groups that receive team-skills training will report lower group workload and achieve a higher performance when carrying out a collaborative task than groups who receive no training (Hypothesis 1b). (c) Subjective workload will mediate the relationship between team-skills training and subsequent collaborative task performance at both the individual and the group level of analysis (Hypothesis 2). (d) Subjective workload will be increased and team performance will be reduced when team members who have previously received team-skills training and worked together are then reassigned to new groups for further task performance as compared to those who are not regrouped but remain together (Hypothesis 3). 
2. Method

2.1. Design


The data of the present study were collected over three successive years from an undergraduate psychology unit on key skills. A crucial feature of this unit was the requirement for students to work in allocated groups on tasks related to core topics in psychology. Initially in the first year of the unit there was no specific training of team skills. However, in the second year of its running a team-skills training intervention was introduced at the beginning of the academic year and at the beginning of each subsequent academic year to help students develop skills for working more effectively with one another.

The design of the present study took advantage of a natural treatment. Cohort 1, the control group, undertook the key-skills unit but received no prior team-skills training. Students worked in the same groups for Semester 1 and were then regrouped in Semester 2.  Cohort 2 began their psychology degree programme a year later than Cohort 1, and received team-skills training immediately prior the start of key-skills unit. Having been allocated to groups at the start of the first semester, trained, and having worked in those groups, students in Cohort 2 were reassigned into new groups at the beginning of the second semester. Cohort 3, who began their degree a year later, similarly received team-skills training but unlike Cohort 2 remained in their original training groups for both semesters. During the three years of the study a wide range of variables were measured to consider the effectiveness of team-skills training on learning. Much of this data is reported elsewhere (Prichard, Bizo, et al., 2006). However, in this study we report data that has not previously been published specifically relating to the issues of workload. There were two measures pertinent to the research questions, namely students’ marks and individual students’ ratings of subjective workload.

2.2. Participants


Participants were all second-year undergraduate psychology students, undertaking a three-year honours degree. As part of their degree all Year 2 students were required to take a year-long unit in skills development, where the skills to be developed were embedded in the content of other compulsory topic areas covered in the same year. The students worked in teams of five or six on a series of curriculum-based tasks over the course of the academic year. Cohort 1 consisted of 94 students (78 females), Cohort 2 of 113 students (96 females), and Cohort 3 of 88 students (74 females). There were no significant differences in age (mean age = 21.2 years, SD = 3.9) or gender mix between the three cohorts. There were also no cohort differences in teamwork experience (see below subchapter 2.3.1). 

2.3. Materials
2.3.1. Teamwork experience


To check for differences between cohorts on previous teamwork experience, at the beginning of the academic year all students completed the Team Experience Questionnaire (Rentsch, 1993). This is a 10-item questionnaire that requires individuals to rate themselves for each item on a 7-point Likert-type scale, ranging from 1 (strongly disagree) to 7 (strongly agree). Sample items include “I am an active team member.” and “I understand how people should work together as a team”. A previous validity study involving 317 participants found that this measure correlated significantly with both the reported length of time spent in an individual’s current team (Pearson’s r = 35; p <  .05), and with the reported longest time spent working on a team (Pearson’s r = .26; p <  .05; Rentsch, 1993). Individual ratings on each of the ten items were averaged to calculate an overall rating of team experience for each participant (Cronbach’s α = .76). Comparisons across cohorts revealed that there were no significant differences in previous team experience, F(2, 290) = 0.16, p > .05. 

2.3.2. Subjective workload 


The simple unweighted version of the NASA-Task Load Index (NASA-TLX) was used to measure the subjective mental workload associated with the performance of each team task. Developed by Hart and Staveland (1988) for measuring individual task workload, it has been shown to be sensitive to variations (Nygren, 1991), as well as easy and quick to administer (Hill et al., 1992). The simpler unweighted version of the NASA-TLX has been shown to be at least as good as the more complex weighted version (Hendy, Hamilton, & Landry, 1993; Nygren, 1991). This subjective workload measure comprises six items, tapping (a) mental demand, (b) physical demand, (c) temporal demand, (d) performance; (e) effort, and (f) frustration. The items are measured on a 21-point bipolar scale. The response scale ranges from 0 to 20, where a high score indicates a higher level of subjective workload. Values are multiplied by a factor of 5 so that each item will yield a rating that will fall between 0 and 100. The mean of the raw scores from the six items constitutes the overall workload. To facilitate completion of the questionnaire, respondents were also given descriptors to accompany each item. For example, the description for mental demand (see Appendix A) states “How much mental demand and perceptual activity was required (e.g., thinking, deciding, calculating, remembering, looking, searching, etc.)? Was the task easy or demanding, simple or complex, exact or forgiving?” 
2.3.3. Tasks


Four tasks were assessed in this unit; two in Semester 1 and two in Semester 2. Each task was discretionary in nature (Steiner, 1972), such that group members were required to decide for themselves how individual inputs related to the group product. Each task required the use of a range of team skills including problem solving (Task 1; identifying possible strategies for how the team might best complete the task), decision making (Task 2; e.g., evaluating and selecting the best strategy from the alternatives identified), planning (Task 3; e.g., developing a plan of action to enact the strategy selected), and time management (Task 4; e.g., setting deadlines for action). Each task reflected the content of one of the compulsory psychology topics prescribed for the year (human memory; human aggression; associative conditioning; perception) and addressed the development of a variety of key skills (e.g., creating a poster; making a verbal presentation; information retrieval; graphical skills). For example, one of the tasks was to produce a poster to illustrate research findings from one published experimental study in perception. Students then had to present and defend their work when questioned by tutors at a poster session. Other tasks similarly sought to develop students’ learning of content and key skills (for more extensive discussion of tasks, see Prichard, Bizo, et al., 2006.) 

Thus, the  tasks were design type tasks (Jonassen, 2000) which were ill-structured in the sense that students had to work out for themselves how best to solve them, and complex involving a number of subcomponents and the requirement to coordinate efforts between team members. Students were given four weeks to complete each task, during which time they were free to meet as and when they chose. Changes in the curriculum in Cohort 3 resulted in a variation to the first task. Consequently in order to make comparisons across cohorts this task was not included in the analysis for any of the three year groups. This ensured the interpretation of results was related to whether or not students received training rather than to any variations in tasks. 

Student performance was assessed by the group mark for each task product (e.g., poster and verbal defence) against a set of departmental marking criteria used for all student work at Year 2. This mark was awarded by the group’s tutor, determined both in relation to the curriculum content of their work, and in relation to the group’s demonstration of the key skills targeted by the task. Student marks were moderated by the unit coordinator to ensure that marking was consistent between the four staff acting as tutors, with each group’s final mark being agreed at a meeting of all tutors at the end of each task with the final mark being agreed through consensus. Individual marks were obtained by initially allocating the group mark to each individual group member. This was then moderated by peer evaluations of each other group member’s contribution to the task which were applied when 50% or more of a group agreed that an individual team member’s performance was above or below the average performance of the team, with marks modified where appropriate by ( 10 %.  

2.4. Procedure


Students that comprised Cohort 1 were randomly assigned to one of 19 groups (15 groups of 5 students and 4 groups of 6 students). Groups then completed two tasks in Semester 1. At the beginning of Semester 2 students were formed into new groups comprised of individuals who had not worked together during Semester 1. Students remained in these new groups for the rest of the unit, and completed two more tasks in Semester 2. At the end of the academic year all students completed the NASA-TLX questionnaire for each of the tasks performed. 

At the beginning of the following academic year, the new second year students, Cohort 2, were randomly assigned to one of 20 groups (3 groups of five students and 17 groups of 6 students). The sequencing of events for Cohort 2 was, as far as possible, the same as for Cohort 1 apart from the introduction of a prior compulsory team-skills development day. This was undertaken at the beginning of the year, with students training in the groups they were allocated to work in during Semester 1. 

At the beginning of the final academic year evaluated, students in the third cohort, Cohort 3, were randomly assigned to one of 15 groups (2 groups of five students and 13 groups of 6 students). The sequencing of events for Cohort 3 was, as far as possible, the same as for Cohort 2 including the team-skills development day. However, unlike Cohort 2 the groups in Cohort 3 remained unchanged across both semesters.


In summary, in all three cohorts students were allocated into groups at the start of the academic year. Cohort 1 received no team-skills training, but Cohorts 2 and 3 both received this training which was undertaken in their allocated groups at the start of the year before the commencement of the unit tasks. Cohorts 1 and 2 remained in their groupings for Semester 1 only and were then regrouped into new groups for semester 2. In contrast, students in Cohort 3 remained in the same group for both semesters. 

2.5. Team-skills development day 

This team-skills training day preceded any collaborative academic tasks for both Cohorts 2 and 3. The team-skills training targeted at a number of different training objectives. These objectives included: (a) setting objectives, (b) problem solving, (c) planning, (d) decision-making, (e) time-management, (f) agreeing roles and distributing work effort evenly, (g) creating a group environment, (h) group cohesion, and (i) cooperation. The cognitive approach to CL is consistent with the use of these skills to support learning. Prior research that has evaluated this training approach has found that participants’ skill level for these objectives increased during training (Prichard, Stratford, & Hardy, 2004).


Working within the theoretical framework of Kolb’s (1984) learning cycle of carrying out a learning task, reflecting on performance, generating points for improvement and then implementing them, students worked in groups during the day on a variety of tasks each of which provided the focus for a subsequent review activity undertaken immediately after each task. This review was facilitated by a previously trained tutor and included the sharing of reactions to the team’s performance and the identification of key learning points for future team tasks. The basic format for the day involved student teams performing six hour-long experiential tasks in each case followed by a tutor-facilitated review of the task performed. One example of the type of task carried out was “neutraliser”. This task required the team to recover a resource from the centre of an apparently unsafe area using equipment provided without touching the ground. The task aimed to develop skills in problem solving, planning, decision making, time management, and cooperation. During the post-task review students reflected on these aspects of their performance with support from their facilitator to draw out what went well, what could have been improved and how they would adapt their team skills for subsequent tasks. In addition, as part of the review process the tutors also introduced a number of theoretical models of teamwork and team performance, such as models of team development, team-role theory and problem solving, which could be applied to aid team effectiveness. Tasks varied in length lasting between 30-75 minutes, whilst reviews would last for 30 minutes. The time spent in each review on the different skills targeted for development for any given task would depend on how well that task was executed; where performance of a skill was good less time would be spent on it during the review and vice versa. (For full details of the team development day including information on all of the training tasks and the matching of tasks to training objectives see Prichard et al., 2004.) 

It should be noted that the student groups in Cohort 1 who had no team development day did not spend an equivalent total time together as that of students in the trained conditions of Cohort 2 and 3. However, research carried out in experimental conditions has shown that matching the time spent in training with an alternative activity for those in the no team-skills training condition does not improve the performance of those groups (Prichard, Stratford, et al., 2006; Moreland, Argote, & Krishnan, 1998). In addition, as the first task was excluded from the analysis due to the change in Cohort 3, by the time Task 2 began a considerable amount of time had been spent together by all groups in each of the cohorts, therefore the relative difference of time spent together would have been low. 

3. Results


Subjective workload ratings were analysed at the individual and group level. The individual level analysis enabled comparisons to be made across semesters. The group level analysis enabled examination of the variability of workload ratings within groups across conditions. Analysis was carried out at the semester level rather than at task level to be more informative of the underlying trends in the data. Scores on each of the NASA-TLX subcomponents were averaged to give an overall workload score for each individual on each task (Cronbach’s α = .73). These were then used to calculate mean ratings for the one task that remained comparable across conditions in Semester 1 and the two in Semester 2. Means and standard deviations for all variables are presented in Table 1.
3.1. Subjective workload ratings: Individual analysis


Individual ratings of workload were used to calculate overall subjective workload ratings for each cohort and semester. Figure 1 shows that subjective workload in Semester 1 was lower for Cohort 3 (M = 55.95, SD = 10.95) than Cohort 2 (M = 59.37, SD = 11.09), which in turn was lower than Cohort 1 (M = 64.21, SD = 12.05). In Semester 2, there was little difference between Cohort 1 (M = 61.87, SD = 10.86) and Cohort 2 (M = 61.82, SD = 10.65). Subjective workload ratings in Cohort 3 (M = 53.0, SD = 11.04) appeared lower than in Cohorts 1 and 2.

--------------------------------------------
Insert Figure 1 about here
--------------------------------------------


A 3(cohort) x 2(semester) repeated measures ANOVA revealed a significant main effect of cohort, F(2, 270) = 17.74, p < .001, partial η2 = .12. There was also a significant interaction between semester and cohort, F(2, 270) = 6.23, p < .01, partial η2 = .04), but no main effect of semester, F(1, 270) = 1.79, p > .05. Post hoc Scheffé tests revealed that for Semester 1, subjective workload ratings for Cohort 1 were significantly higher than both Cohorts 2 and 3 (p < .05), however, ratings did not differ significantly between Cohorts 2 and 3 (p > .05). In Semester 2, it was found that workload was significantly lower in Cohort 3 than in either Cohorts 1 or 2 (p < .05). No significant difference was found in workload between Cohorts 1 and 2 (p > .05).  In analysing across semesters, paired sample t-tests revealed no significant differences between semesters for Cohort 1, t(91) = 1.78, p > .05. In Cohort 2, workload increased significantly across semesters, t(104) = 2.33, p < .05, Cohen’s d = 0.32. In contrast, in Cohort 3 workload fell significantly across semesters, t(75) = 2.25, p < .05, Cohen’s d = 0.32.
-----------------------------------------------
Insert Table 1 about here

-----------------------------------------------
3.2. Performance data: Individual analysis


Student marks were analysed by cohort and also correlated with subjective workload (for means see Table 1). Students’ Year 1 marks were included as a covariate to control for any variation in cohort performance due to differential cohort ability. A mixed 3(cohort) x 2(semester) ANCOVA found that after adjusting for Year 1 marks there was a significant main effect of cohort, F(2, 271) = 45.16, p < .001, partial η2 = .25, no main effect of semester, F(1, 271) = 3.35, p > .05, and a significant interaction between cohort and semester, F(2, 271) = 5.78, p < .01, partial η2 = .04. Post hoc Scheffé tests revealed that for Semester 1, marks for Cohort 2 (M = 68.66, SD = 5.68) and Cohort 3 (M = 69.01, SD = 6.98) were both significantly higher than those of Cohort 1 (M = 62.71, SD = 3.11, p < .001), but did not differ significantly from one another (p > .05). In Semester 2 it was found that marks for Cohort 2 (M = 66.76, SD = 4.84) and Cohort 3 (M = 67.81, SD = 5.49) were significantly higher than those of Cohort 1 (M = 64.29, SD = 5.37, p < .01). Across semesters, however, whilst mean marks for Cohort 2 decreased significantly across semesters, t(110) = 2.68, p < .01, Cohen’s d = 0.22, marks for Cohort 3, t(73) =1.15, p > .05, and Cohort 1, t(95) = 3.74, p > .05, did not differ significantly.
---------------------------------------
Insert Figure 2 about here

---------------------------------------
3.3. Mediation analysis: Individual analysis

Simple mediation analysis was carried out for each semester to explore whether subjective workload mediated the relationship between training and performance. Preacher and Hayes (2004) bootstrapping methodology was administered using their SPSS syntax. In this method, mediation is demonstrated by showing that the indirect path (the product of paths a and b as shown in Figure 3) is significantly different from zero. Based on 5000 bootstrap re-samples, results showed that in Semester 1 the mean for the bootstrap estimate of the indirect effect from training to performance was .51, with a standard error of .27. The lower and upper confidence intervals (0.04, 1.11) excluded zero, providing evidence of a significant indirect effect. The beta coefficient for the path from training to performance fell from β = 6.16 (p < .01) to β = 5.64 (p < .01) when workload was included as a mediator in the regression, consistent with their being a small partial mediation. In Semester 2 the mean for the bootstrap estimate of the indirect effect from training to performance was -.02, with a standard error of .11. The lower and upper confidence intervals (-0.18, 0.23) did not exclude zero, suggesting that workload did not mediate the relationship between training and performance in Semester 2.

--------------------------------------
Insert Figure 3 about here

--------------------------------------


A further mediation analysis was carried out to determine if regrouping mediated the relationship between team-skills training and subjective experience of workload during the second semester. Results showed that the mean for the bootstrap estimate of the indirect effect from training to performance was -3.12, with a standard error of .72. The lower and upper confidence intervals (-4.57, -1.78) excluded zero, providing evidence of a significant indirect effect. The beta coefficient for the path from training to workload fell from β = -3.17 (p < .01) to β = -0.06 (p > .05) when regrouping was included as a mediator, consistent with their being a complete mediation.

3.4 Subjective workload ratings and performance data: Group analysis

Intra-class correlations (ICC) were carried out for each cohort to check for variability of workload scores within groups. Analysis confirmed that non-independence could not be assumed for Cohort 2 (ICC = .68) and Cohort 3 (ICC = .75) which were above the threshold of .70 (Kenny & La Voie, 1985). The intra-class correlation for Cohort 1 was just under this threshold, however it was accepted for this analysis (ICC = .59). Consequently, individual workload scores were aggregated and analysed at the group level. Subjective workload analysed at the group level revealed a similar pattern of results to that of the individual analysis (see Table 1). A 3(cohort) x 2(semester) repeated measures ANOVA revealed a significant main effect of cohort, F(2, 50) = 15.07, p < .001, partial η2 = .38, but no main effect of semester, F(1, 50) = 0.21, p > .05, or  significant interaction between year and semester, F(2, 50) =1.70, p < .05. Planned contrasts showed that subjective workload in Semester 1 was significantly lower for Cohort 3 (M = 54.77, SD = 6.10) than Cohort 1 (M = 64.03, SD = 6.51, p < .001). Ratings for Cohort 2 (M = 59.46, SD = 5.13) were also lower than those of Cohort 1, however, this just failed to reach significance at the 5% level (p = .06). In Semester 2, workload ratings were lower in Cohort 3 (M = 53.48, SD = 7.59) than in either Cohort 1 (M = 61.57, SD = 5.33) or Cohort 2 (M = 61.64, SD = 6.24, p < .001). Analysis across semesters, revealed no significant differences in workload ratings between Semester 1 and Semester 2 for any of the three cohorts.


Group subjective workload ratings were correlated with students’ group grades to explore the relationship between subjective workload and performance. This analysis was performed at the group level since the variability of both of these measures and, therefore, the relationship between them was dependent upon other members of the group. Pearson’s correlations revealed a significant, negative correlation between Semester 1 performance and subjective workload ratings, r(53) = ‑.40, p < .05, although at the level of individual cohorts no individual correlation reached significance; specifically, for Cohort 1, r(19) = ‑.23, p > .05; for Cohort 2, r(20) = ‑.41, p > .05; and for Cohort 3, r(14) = ‑.31, p > .05. In Semester 2 no correlation was found between performance and subjective workload, r(53) = -.08, p > .05. This was the case for all cohorts; for Cohort 1, r(19) = ‑.10, p > .05; for Cohort 2, r(20) = ‑.11, p > .05; and for Cohort 3, r(14) = .10, p > .05.
3.5. Mediation analysis: Group analysis

Simple mediation analysis was carried out for each semester to explore whether subjective workload mediated the relationship between training and performance at a group level of analysis. Based on 5000 bootstrap resamples, results showed that in Semester 1 the mean for the bootstrap estimate of the indirect effect from training to performance was 1.90, with a standard error of 1.1. Although the beta coefficient for the path from training to performance fell from β = 5.67 (p < .01) to β = 3.74 (p > .05) when workload was included as a mediator in the regression, the lower and upper confidence intervals (-0.07, 4.27) did not exclude zero, thus just failing to provide evidence of a significant indirect effect. In Semester 2 the mean for the bootstrap estimate of the indirect effect from training to performance was -0.06, with a standard error of .40. The lower and upper confidence intervals (-0.81, 0.86) did not exclude zero, suggesting that workload did not mediate the relationship between training and performance in Semester 2.


A final mediation analysis was carried out to determine if regrouping mediated the relationship between team-skills training and subjective experience of workload during the second semester. Results showed that the mean for the bootstrap estimate of the indirect effect from training to performance was -3.39, with a standard error of 1.23. The lower and upper confidence intervals (-6.04, -1.25) excluded zero, providing evidence of a significant indirect effect. The beta coefficient for the path from training to workload fell from β = -3.29 (p < .01) to β = -0.07 (p > .05) when regrouping was included as a mediator, consistent with their being a complete mediation.

4. Discussion

Hypotheses 1a and 1b predicted that students who received team-skills training would experience lower workload and perform better on collaborative tasks than those students who did not. In addition Hypothesis 2 predicted that subjective workload would mediate the relationship between training and performance. The following discussion initially considers these hypotheses by reference to the Semester 1 data where student groups remained constant.

The results for Semester 1 supported Hypotheses 1a and 1b. Subjective workload ratings were significantly lower for students who received team-skills training (Cohorts 2 and 3) compared to untrained students (Cohort 1). This was found whether the data was considered at the individual or group level (although only marginally significant at the group level of analysis for Cohort 2 at p = .06). The performance of tasks in collaborative learning groups inevitably requires students to engage in the additional activities required to coordinate their efforts (Druckman & Bjork, 1994; Moreno, 2009). If this load is too high the group may have insufficient resources available to also attend to the task and so performance may suffer. This study suggests that team-skills training can effectively reduce the experience of load for students working collaboratively. We propose that consistent with models of team workload (Bowers et al., 1997) the reduction in load experienced following team-skills training related to the “team work” element of the collaborative tasks plus the workload associated with time sharing between “team work” and “task work”. The results are consistent with the notion that as team skills are acquired and team members reach a greater level of expertise, there is less reliance on controlled processing to perform these skills and a shift towards less resource-demanding automatic processing. Thus, training in team skills lowers perceived workload consistent with parallel research on task training in individual tasks (Anderson, 1989; Gist & Stevens, 1998; Gopher & Kimchi, 1989). 

A reduction in workload relating to the teamwork aspects of group work means that students will have spare attentional capacity for task work. However, there are different ways in which this may affect overall workload and task performance. One possible outcome is that students benefit from the reduced workload without reinvesting effort into other aspects of the task. This would result in lower workload but no change in performance. A second possibility is that students reinvest all freed resources into task work. This would result in no change in workload but higher performance. A third possibility is that only some of the freed resource is reinvested into task work resulting in both higher performance and lower workload. The findings of this study provided some support for the final option whereby in addition to experiencing lower workload, trained students also performed better than untrained students as more resources were made available to the task. 

Mediation analysis performed on the Semester 1 data supported Hypothesis 2, namely that subjective workload is a partial mediator of the relationship between team-skills training and performance. However, it was found that the strength of this indirect effect whilst significant was small. It was further found that although performance was negatively correlated with subjective workload in Semester 1 and, thus, consistent with research which has found that higher workload is associated with degraded performance and vice versa (Bowers et al., 1997; Hancock, 1989; Sweller, 2005), this effect was not significant at the level of each cohort. We can, therefore, conclude that workload is one mediator of the relationship between team-skills training and performance; however, the relationship between workload and performance is not straightforward. 

Complexity in the workload-performance relationship was also observed in Semester 2 in trained groups which stayed together. Students here showed a further reduction in subjective experience of workload compared to Semester 1, but this was not accompanied by a further increase in performance and there was no correlation between workload and performance. This seems to suggest that the additional resources freed up at this time were not even partially reinvested in task performance as may have been the case in Semester 1. One possible explanation for this is that the performance levels established in Semester 1 became the performance norm for the group and set the level for task-related effort. An alternative and plausible explanation for our findings is that the reduction of subjective workload and the increase in performance are both consequences of team-skills training but that they are not strongly linked to each other. Previous research on the effect of team-skills training on performance has identified a number of variables that lead to better performance such as better team processes, equality of participation and cohesion (Prichard, Stratford, et al., 2006). It is possible that workload is reduced because skills become more automatic as predicted, but that it is the superior group interaction skills that make better performance more likely and this may have peaked in the first semester. Clearly there remains uncertainty surrounding the relationship between reduced workload associated with teamwork and performance. Future research should seek to tease out the complexities, perhaps by including observational measures of team behaviours with measures of workload and performance into one analysis.

The Semester 2 analysis enables a consideration of Hypothesis 3 as to whether regrouping students who have received training disrupts the initially observed reductions in workload and increases in performance. At the beginning of Semester 2 the students in Cohorts 1 and 2 were regrouped. Post hoc comparisons revealed that the subjective workload ratings of these two cohorts did not differ significantly from one another in Semester 2. In addition, Cohort 2 showed an increase in workload ratings from Semester 1 to Semester 2. So whilst student regrouping had little effect on Cohort 1, in Cohort 2 the workload reduction benefits of training evidenced in Semester 1 were lost when the training groups were disbanded and new groups formed. Of further note, mediation analysis performed on the Semester 2 data did not find subjective workload to be a mediator of the relationship between team-skills training and performance. Subjective workload ratings for Cohort 3, who were not regrouped, were significantly lower than both of the other two cohorts, showing a significant fall in ratings across semesters although there was no change in performance from the levels evidenced in Semester 2 as already discussed. Thus the findings support the Hypothesis 3 that the effects of training on subjective workload and performance are hampered by regrouping. The mediation analysis found regrouping to completely mediate the relationship between training and workload.

The combination of the workload and performance findings for Cohort 3 both within and across semesters, rules out the possibility that the loss of a team-skills training advantage evidenced in Cohort 2 in the second semester resulted from the loss of these skills due to the passage of time. Rather these findings support the hypothesis that regrouping results in some loss of the benefits of training (Prichard, Bizo, et al., 2006; Prichard, Stratford, et al., 2006). This effect has been found across a range of variables including group performance, individual performance at a post-task test and a number of team process variables such as task planning, task strategy and time allocated for learning. Prichard, Stratford, et al. (2006) have argued that this effect may be understood within Cannon-Bowers et al. (1995) framework of team competencies which argues that some skills are team-specific and not transferable. Under such circumstances when a student enters a new group they may revert to a novice level in some team-specific skills, once again engaging in higher levels of controlled processing. 

The findings of this study can additionally be conceptualised in relation to transactive memory theory (Lewis et al., 2005; Moreland, 1999; Moreland & Myaskovsky, 2000; Prichard & Ashleigh, 2007) which also predict that regrouping imposes additional load on groups as they struggle to re-establish a knowledge-sharing system to use for task performance. Future research should aim to progress this area by incorporating measures of both transactive memory, workload and skill level into the same study in which students are regrouped after receiving training. Such a design would enable consideration of whether workload correlates negatively with transactive memory following regrouping and which skills transfer readily across groups and which do not.

Therefore, from the data collected in Semester 2 there is evidence to support both skill acquisition and team member support as explanations for the workload findings. The Semester 2 findings for Cohort 3 are consistent with the skills acquisition explanation. These teams had more opportunity to practice their team skills and for processes to become automatic. Cohort 2 findings are consistent with the idea that some specific skills did not transfer across groups. With regrouping comes a loss of knowledge about particular team members’ areas of task expertise and shared understanding about team processes developed in training. This finding offers further support for the argument made by previous research (Prichard, Bizo, et al., 2006; Prichard, Stratford, et al., 2006), that in order to maximise the benefits of training students need to perform collaborative tasks in the same groups that they originally train in. The premature disruption of these groups has negative effects not only on performance but also on workload. 

There are several limitations of the present study that need to be noted. First, the workload findings for Cohort 3 need to be treated with a degree of caution. The data of the present study was collected in the context of the evaluation of an existing undergraduate degree unit. Consequently, although attempts were made to limit external threats to validity, in some instances this was not possible. The most notable threat was the change to the first task in Cohort 3. To mitigate this effect in the present study we included in the analysis only those tasks that were included in all three conditions. However, it remains possible that workload ratings for the tasks included in the analysis were influenced by those tasks not included. As Schnotz and Kürschner (2007) point out in reviewing the use of subjective measures for measuring cognitive load in educational settings, the individual’s frame of reference when rating load can limit the use of these measures. The different tasks excluded from the analysis may have introduced variability across cohorts. Despite this, the main effect of training on workload in Semester 1 was found between Cohorts 1 and 2 where students performed the same tasks throughout, making it unlikely that the changed task was having a significant impact on student workload ratings in Cohort 3. Subsequent research should seek to replicate these findings under more carefully controlled conditions which will enable such threats to validity to be reduced. Future research of this type might also include other measures of workload that would both validate the workload measure used in this study and also enable measurement of the different types of cognitive load associated with “team work”, “task work” and time sharing between these two aspects.

A further limitation of the present study is that it did not allow for a post-test of individual knowledge. Therefore whilst it is possible to observe the effects of training on workload and performance it is not possible to assess any effect on longer-term learning. In the absence of such a measure we cannot be sure that the decrease in workload necessarily leads to increased individual learning (Schnotz & Kürschner, 2007), but simply to better task performance. Task performance makes it more likely that learning will take place but does not guarantee it. 
4.1. Conclusion


The present study extended recent work which has investigated the use of team-skills training to prepare students to work in CL groups, by considering whether it reduces subjective workload. The findings provide strong support for this argument. It was argued that this effect resulted from a shift in controlled to automatic processing consistent with theories of cognitive skill acquisition (Anderson, 1982), which have been demonstrated to also apply to interpersonal skills (Gist & Stevens, 1998). Training and experience combine to lessen the attentional demands experienced by people when they perform collaborative tasks. In considering the effect of training on cognitive load in CL groups, the findings contribute to educational research which until now has not considered the effect of any type of pre-training on the learners’ goals and strategies and hence workload (Rouet, 2009). The findings also show how the benefits of team-skills training are disrupted by regrouping and hence the importance of external support. There is clear evidence that support from similarly trained peers who have established patterns of working together successfully reduces the perceptions of workload compared to where these are absent or less well developed.

The implications of the findings of the present study for CL are significant. Central to the definition of team workload proposed in this study is the premise that there is a finite pool of attentional resources available to an individual. If demands on an individual exceed their capacity, it leads to deterioration in task performance. The quantity of resources available at any given moment in time is a function of the individual’s overall resource availability, the resources being used to achieve a particular level of performance on any tasks being performed, and the efficiency with which these resources are administered. Therefore the effect of training to reduce the subjective experience of workload will be more critical where workload demands are high and the individual team member is operating at the limits of their capacity. We argue that such demands are likely to be particularly high in relation to group learning tasks where it is not enough just to complete the task but also to demonstrate learning from that task at the same time. 

A final point to note is that the results from this study indicate that not all of the workload relieved by higher team-skill level is reinvested in the task, as noted by the reduction in workload, coupled with increased performance. If attentional capacity is available then educators need to think about how instructional approaches can lead learners to use this for deeper learning of material (Schnotz & Kürschner, 2007). It may not be helpful to reduce load if students fail to use that freed capacity for learning. Therefore it may be good to limit the workload associated with teamwork but to get the benefits it may be necessary to make the task more difficult.

Appendix A. Rating scale definitions for NASA-TLX (adapted for team setting from Hart and Staveland, 1998)

	Title
	Endpoints
	Descriptions

	Mental Demand
	Low/High
	How much mental and perceptual activity was required (e.g., thinking, deciding, calculating, remembering, looking, searching etc.)? Was the task easy or demanding, simple or complex, exacting or forgiving?

	Physical Demand
	Low/High
	How much physical activity was required? Was the task easy or demanding, slow or brisk, slack or strenuous, restful or laborious?

	Temporal Demand
	Low/High
	How much time pressure did you feel due to the rate or pace at which the tasks or task elements occurred? Was the pace slow and leisurely or rapid and frantic?

	Performance
	Good/Poor
	How successful do you think you were in accomplishing the goals of the task set? How satisfied were you with your performance in accomplishing these goals?

	Effort


	Low/High
	How hard did you have to work (mentally and physically) to accomplish your level of performance?

	Frustration
	Low/High
	How insecure, discouraged, irritated, stressed and annoyed versus secure, gratified, content, relaxed and complacent did you feel during the task?
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 Table 1.  Means (and SD) for individual and group aggregate ratings of workload and the marks awarded to individuals and groups for each cohort and semester

	
	Individual workload
	Group workload
	Individual marks
	Group marks

	Cohort 1

	Semester 1
	64.21 (12.05)
	64.03 (6.51)
	62.71 (3.11)
	63.68 (4.99)

	Semester 2
	61.87 (10.86)
	61.57 (5.33)
	64.27 (5.40)
	64.29 (5.37)

	Cohort 2

	Semester 1
	59.37 (11.09)
	59.46 (5.13)
	68.66 (5.68)
	69.8 (7.47)

	Semester 2
	61.82 (10.65)
	61.64 (6.24)
	66.76 (4.85)
	66.28 (4.91)

	Cohort 3

	Semester 1
	55.95 (10.95)
	54.77 (6.10)
	69.01 (6.98)
	68.71 (7.41)

	Semester 2
	53.00 (11.04)
	53.48 (7.59)
	67.81 (5.49)
	66.96 (4.96)


Cohort 1 = No team-skills training; Cohort 2 = Team-skills training with reassignment; Cohort 3 = Team-skills training without reassignment.
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Fig. 1.  Mean overall subjective workload for each cohort, plotted as a function of semester. The error bars are the standard error of the mean. 
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Fig. 2.  Mean percentage individual marks with standard errors for each cohort plotted for overall Year 1 marks and for module marks in Semesters 1 and 2.  Dashed lines are used to connect Year 1 with Semester to show performance variations across cohorts prior to undertaking the module investigated in the research.

Fig. 3. Illustration of a mediation design. X affects Y indirectly through M.  
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