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ABSTRACT

Transition activities, such as design reviews, are often utilised in product development to evaluate the
conducted work and plan future actions. While key decisions are made during these activities, they are
still underexplored. This paper studies the effect of transition goals and virtual reality (VR) on transition
team performance. In an experimental study, four-member teams conducted two transition-related
experimental tasks (validation and verification) working in one of the two conditions (VR or desktop
interface). The results show that transition goals and VR affect performance. More specifically, the
validation-oriented transition was more efficient but less effective than the verification one.
Furthermore, the performance of the validation-oriented transition compared to the verification one was
increased in VR and decreased in a desktop interface. Finally, the high-performing teams consistently
discussed new issues, while low-performing teams had prolonged moments of not discussing anything
new. These findings suggest that desktop interface and VR are not substitutable but rather
complementary technologies.
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1 INTRODUCTION

While developing products, designers often seek feedback from various stakeholders, such as end-users,
managers, and designers (Deininger et al., 2019; Lauff et al., 2020). Feedback helps evaluate the
conducted work and plan future actions (Huet et al., 2007; Liu et al., 2018), thus providing a means for
transitioning between different states of the product design. In order to get feedback, design practitioners
and educators utilise various transition activities, such as design reviews (Huet et al., 2007) and
educational design crits (Sopher et al., 2022). Yet, transition activities are rarely studied in both design
(Cash et al., 2013; Wynn & Maier, 2022) and management (Bush et al., 2018) literature. However, there
are many potential benefits in studying transition activities, given that they represent core design
activities (Cash et al., 2013) where key decisions are made (Huet et al., 2007; Wynn & Maier, 2022).

As the participation of both designers and stakeholders is important for transitions, many researchers
have suggested that influencing their way of interacting with the current design representation (e.g.,
concepts, 3D models) might affect the execution of transitions (Lukacevi¢ et al., 2020). Similarly,
influencing how the transition team® (TT) members interact with each other might also affect transitions
(Horvat, Brn¢i¢, Perisi¢, Martinec, et al., 2022). In this context, the recent proliferation of virtual reality
(VR) showed great potential to change the way transitions are executed (Berg & Vance, 2017). VR seeks
to perfect a sensory illusion of being present in another environment by alternating interaction and
navigation modes and by affecting sensory and social cues. Given these characteristics, it is not
surprising that VR has been actively used in the industry to support transitions (Berg & Vance, 2017).
Although having large potential, the effect of VR technologies on TT performance is still inconclusive.
While subjective evaluations of team members suggest that using VR positively affects teamwork
(Wolfartsberger, 2019), objective measures of TT performance have provided contradictory evidence.
For instance, the effect of VR on the number of identified issues was found to be positive (Tea et al.,
2022) and negative (Horvat, Martinec, PeriSi¢, et al., 2022; Liu et al., 2020). Hence, while VR
technologies influence transitions, the exact effect remains unclear.

The oversimplification of measuring TT performance might be the cause for the contradictory results
regarding the effect of VR on transitions. For example, researchers usually measured the number of
reported issues (Tea et al., 2022; Wolfartsberger, 2019) or the time needed to complete the transition (de
Casenave & Lugo, 2017; Satter & Butler, 2015). However, these indicators largely depend on the inputs,
such as the initial quality of the design. Therefore, performance indicators should not consider only
outcomes but also the transition itself (Kozlowski & Ilgen, 2006). Furthermore, as transitions happen
throughout product development (Liu et al., 2018) and involve various stakeholders (Lauff et al., 2020),
they might be distinguished by their goals (e.g., manufacturability, ergonomics, customer values). While
the goal of transitions might affect TT performance (Deininger et al., 2019) and is often accounted for in
performance indicators (O’Donnell & Duffy, 2002), the effect of the goal is often neglected when
measuring TT performance. In order to fill these gaps, this paper studies the effect of a transition goal
and VR on TT performance, guided by the following questions:

e  How does a transition goal affect TT performance?

e Howdoesa VR affect TT performance?

The rest of the paper provides background on transitions (Section 2), describes the conducted
experimental study (Section 3), presents the results of the conducted study (Section 4), and discusses the
results around the two research questions (Section 5).

2 BACKGROUND ON TRANSITIONS

Transitions serve teams to verify the design solution by considering the defined design problem (e.g.,
list of requirements) or to validate it by considering the undefined design problem (e.g., end-user
preferences that come from their experience) aspects. These two goals might be suited for different TT
compositions. For example, Yilmaz and Daly (2016) suggested that mechanical designers often focus
on convergent feedback types, while industrial designers focus on both convergent and divergent
types. Therefore, to get the feedback that is the most relevant to the transition goal, various
stakeholders might be employed throughout the product development (Lauff et al., 2020).

! Transition team (TT) is used to depict the team that executes transition. TT sometimes differ from the
product development team, as its members might be outside the organisation (e.g., users).
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Regardless of the goal, transitions consist of three intertwined actions: understanding, evaluation, and
planning (Huet et al., 2007; Liu et al., 2018). The understanding action refers to sharing information
about current design work and aims to comprehend any aspect of the design, either through the
interaction within the TT (Liu et al., 2018) or interaction with the design artefact (Horvat, Martinec,
Lukadevié, et al., 2022). Although the understanding does not contribute directly to the outcomes of
the transitions, it is a prerequisite for successful evaluation (D’Astous et al., 2004). The evaluation
action relates to assessing the current solution in regard to the design goal and the utility assessment of
these goals (Huet et al., 2007; Liu et al., 2018). Finally, planning relates to discussing a future version
of the design, which involves proposing new changes, understanding these changes by other team
members, and evaluating these changes (Huet et al., 2007; Liu et al., 2018). As a support, various
design artefacts are commonly utilised (Lauff et al., 2020), and their characteristics (e.g., level of
detail) might significantly affect the transition (Deininger et al., 2019). As another support, meeting
templates are used to reduce the information loss of decisions made (Huet et al., 2007). Besides being
useful for design teams, these templates are often used to measure outcome-oriented TT performance.

2.1 Transition team (TT) performance indicators

Studies focused on TT performance mainly focus on the outcomes of transition. More specifically,
researchers observed the time spent identifying the issues (de Casenave & Lugo, 2017; Satter &
Butler, 2015) or the number of reported issues (Tea et al., 2022; Wolfartsberger, 2019). Furthermore,
Astaneh Asl and Dossick (2022) measured performance by assessing their final decision and by
assessing the shared understanding of the decisions. Liu et al. (2020) developed metrics to assess the
transition value by considering who benefits from the action and how significant the action is, i.e.,
whether actions contribute directly to the design solution (direct value) or they contribute to the larger
design process (indirect value). While TT performance studies exist, they are mainly oriented towards
the transition outcomes and rarely consider the process aspects of transitions.

In the context of the design activities, O'Donnell and Duffy (2002) suggested two parameters to assess
performance: efficiency and effectiveness. Efficiency corresponds to the produced output from the
activity (e.g., explored issues) per unit of resource (e.g., people, time), while effectiveness is the extent
to which the results (e.g., explored issues) meet the activity goal (e.g., manufacturability, customer
values). In the transition context, the number of reported issues and the time spent corresponds to the
efficiency metric, and it has been partially addressed by the transition literature (Tea et al., 2022;
Wolfartsberger, 2019). On the other hand, transition researchers rarely focused on effectiveness, such
as the number of explored issues related to the transition goal. Therefore, investigating this aspect
might be necessary in order to better understand team performance in transitions.

2.2 The effect of the VR on TT performance

The effect of immersion on TT performance is still not uniquely determined. For example, previous
studies reported a decrease (Satter & Butler, 2015) and an increase (de Casenave & Lugo, 2017) in time
spent on transition using VR compared to a desktop interface (DI). Similarly, the number of feedback
items might also be increased (Tea et al., 2022) or decreased (Liu et al., 2020). Furthermore, researchers
have also investigated the context of issues reported during transitions. In this context, Rigutti et al.
(2018) found that immersion helps identify affordance errors (e.g., door handle on the same side of the
hinges), but it does not support recognition of perceptual errors (e.g., misaligned handrail). Next,
Wolfartsberger (2019) suggested that the VR supported the identification of design- and ergonomic-
related issues, while it did not support the identification of circuit logic issues. Hence, while studies on
the effect of the VR exist, it remains unclear how immersion level affects TT performance.

3 METHODS

In order to investigate the effect of transition goal and VR on TT performance, an experimental study
has been conducted in which participants worked in one of the two conditions (DI or VR) and
conducted two transition-related experimental tasks with different goals.

3.1 Experimental task and sample

There were two experimental tasks for each TT. The first task was to review the design regarding the
fulfilment of the product (i.e., functional), process (i.e., manufacturing and assembly), and people (i.e.,

ICED23 2387

https://doi.org/10.1017/pds.2023.239 Published online by Cambridge University Press


https://doi.org/10.1017/pds.2023.239

human factors) requirements (Dong et al., 2009). The goal of this task was to assess and improve the
solution based on the given requirements and constraints, thus referred to as verification. The second task
involved reviewing the design regarding the fulfilment of the essential customer jobs (what customers
are trying to get done), gains (concrete benefits that customers seek), and pains (bad outcomes, risks, and
obstacles that customers would like to avoid) - a common framework for the value proposition design
(Osterwalder et al., 2014). The goal of this task was to assess and improve the solution based on the
values customers have, which is thus referred to as validation. For each task, the TT was given a three-
item checklist that covered the above-mentioned aspects.

The designs reviewed during transitions were baby strollers (Figure 1) that needed to have the following
characteristics: foldable, wheels rotation lock, sun protection, storage for things, and a safety handle for
the baby. In addition, the strollers were supposed to meet several requirements, such as maximum
dimensions and the baby weight they should carry. These reviewed strollers were designed by three-
member student teams during a two-month period. Besides the required characteristics, the design team
was asked to consider the manufacturing, assembly, ergonomics, and safety aspects.

In total, 16 participants (8 designers and 8 reviewers) took part in the experiment. The designers were
two members that the design team chose to represent the team during the transition. Their professional
background was very similar, with all designers being undergraduate 3rd-year mechanical design
students enrolled at the same university. The reviewers were industry professionals with at least two
years of working experience. They all had a similar background, as they were the same university
alumni and held a master’s degree in Mechanical Design (Module: Engineering Design). These
participants were distributed across 4 four-member TTs, two in VR and two in DI. Each team
consisted of two designers and two reviewers (Figure 1). In order to tackle issues related to the internal
validity of the experiment, both team composition (assigning reviewers to designs) and condition
(assigning each team to the condition) were randomised.

Team 1

Deskton, ..o (VR) Team 3
b Merface gy virtual rfhs( B

2

Team 4
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Figure 1. Transition snippet in DI and VR

3.2 Experimental setup and procedure

For the DI condition, four rooms were equipped with a working station, monitor (22", 1920x1080
pixels), headphones, keyboard, mouse, and office chair. Participants verbally communicated using
Microsoft Teams, while a cloud-based CAD (i.e., Onshape) was used to visualise the design solution on
a computer screen. Onshape enables synchronous work on the same CAD model (pan, rotate, zoom,
screenshot, measure, marker, section, move parts, and hide parts) and provides a follow mode for sharing
viewpoints. In addition, a checklist related to the transition goal was visualised using a PDF viewer.

For the VR condition, four rooms were equipped with a VVR-ready working station, monitor (22",
1920x1080 pixels), VR headset (3 x HTC VIVE Pro, 1 x HTC VIVE Cosmos Elite), VR controllers
(HTC VIVE), headphones, keyboard, mouse, and office chair. Participants verbally communicated
using Microsoft Teams, while the design solution was visualised in the form of a 3D model using a
VR-enabled CAD system (i.e., Siemens NX). Siemens NX VR enables synchronous work on the same
model using similar functions as in DI (screenshot, measure, marker, section, move, and hide parts)
(Horvat, Kunnen, Storga, Nagarajah, et al., 2022), moving around the virtual room (3x3 meters), and
seeing each other's avatars (i.e., VR helmets), controllers, and laser pointers. A checklist related to the
transition goal was also visualised using a PDF viewer, which could be accessed within the VR.

The experimental procedure consisted of several steps. In the first step, the information package was
sent two weeks in advance. The package included the design brief, checklist with transition goals,
consent form, and equipment tutorials (presentation and video). The goal of the information package was
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to familiarise participants with the design problem, transition goals, transition procedure, and
environment (VR or DI) used during the experiment. In the second step, all three design team members
were invited to test the setup at least one day before the experiment. The third step included preparing
the TT for the transition. In this step, each member was in one physical room and joined the Microsoft
Teams call. They were then instructed to follow the environment tutorial until they were ready to start
(usually 30-45 minutes). Since participants only had to grasp a few functionalities, this timing was
considered sufficient to tackle the issues related to lower experience in an environment (Horvat,
Martinec, Lukacevié, et al., 2022). Moreover, designers had already learned functionalities in Step 2 and
could help reviewers get acquainted with the equipment. After the participants got familiarised with the
environment, researchers started the screen recording, and the team proceeded to the first transition-
related experimental task. This task lasted for 30 minutes and focused on verifying whether the solution
met the requirements. The participants were instructed to record screenshots that would later be available
to the TT as a basis for writing the feedback. The first task was followed by a reporting period, during
which all participants wrote textual feedback for each screenshot taken during the first transition-related
task. After the verification transition had been finished, a 15-minute break was given to the participants.
The second transition (validation) focused on assessing and suggesting improvements to the solution
based on undefined customer values. This transition also lasted 30 minutes and was followed by another
set of reporting. The procedure lasted around three hours per experiment.

3.3 Data collection and analysis

The data for the analysis were collected following the protocol analysis approach. Firstly, video and
audio recordings were transcribed and segmented. The segmentation step was based on actions at the
team level, considering the three types of actions (understanding, evaluation, planning) common for
transitions. Secondly, in order to depict whether each action was related to the goal of the experimental
task, a binary variable (Goal-related) was coded. The goal-relatedness was assessed by considering
whether the issue discusses functionality, manufacturability, assembly or human factor aspects
(verification) or whether it is focused on customer values in terms of essential jobs, gains, and pains
(validation). Thirdly, an Issue variable has been coded to depict the discussed issues during the
transitions. For this purpose, an issue has been defined as the set of reviewers' actions (understanding,
evaluation or planning) focusing on only one instance of the design problem and only one instance of the
design solution. The issue variable consists of four codes, depending on whether an action deals with the
new issue (New), the same issue as the previous action (Previous), the issue different from the one in the
previous action but already discussed in the session (Repeated), or does not deal with any issue
(Without). To test the reliability of the goal-related and issue coding, a second coder analysed 25% of the
data (about one hour in total). The agreement between the coders on this sample was substantial, as the
interrater reliability calculated using Cohen's Kappa (Cohen, 1960) was 0.79 for coding goal-relatedness
and 0,72 for coding the issues. An excerpt with the coded data is shown in Table 1.

Data were analysed by comparing discussed and goal-related issues in the two environments and across
two goals (verification and validation). Furthermore, three indicators of TT performance are utilised:
efficiency, effectiveness, and goal-related efficiency. Efficiency has been operationalised as the number
of issues per unit of time, effectiveness as the proportion of goal-related issues, and goal-related
efficiency as the number of goal-related issues per unit of time.

Table 1. Coded excerpt from the validation transition in a VR

Discourse Goal- | Issue
related
I took the [screenshot of the] shade, [and] the wheel / | did | did [take a | O Without
screenshot]/ ...and the handle, and I also took the wheel for the breaking, |
would
And for that same mechanism, regarding thickening the cylinders, that would | 0 Repeated

make it easier, so to speak, for everything to stay in the breaking position /
yeah / | mean it would be more functional / yes / if it was [thicker]

Another thing, this part on top for folding it, it really seems awkward to use, it | 1 New

looks robust and / yeah / and I don’t like that it has right angles / yeah, alright

So it should be more like / again, in that rod 1 Previous
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4 RESULTS

Teams discussed between 21 and 29 issues in the verification and between 24 and 34 issues in the
validation task (Table 2). The results show that, on average, the validation tasks had a higher number of
discussed issues. However, the differences between the two tasks were not significant (t(3) = -1,47, p =
0,24), although a medium to large effect size was found (d = 0,74). Moreover, the difference between the
two transition goals might depend on the environment (VR or DI). More specifically, while teams in the
VR had a much higher number of discussed issues in the validation (13 and 8 more) than in the
verification task, teams in the DI had a similar number of discussed issues in their tasks (see Table 2).
Most of the issues in the verification transition were also related to the goal (Table 2), and the
differences between all and goal-related issues were not significant (t(3) = -1, p = 0,39) with the
medium effect size (d = 0,5). On the other hand, in the validation transition, both DI and VR teams
had a lower number of goal-related issues (Table 2). Moreover, the differences between discussed and
goal-related issues were significant (t(3) = -2,85, p = 0,065), and the effect size was large (d = 1,43).
Therefore, the validation transition had fewer goal-related issues than the verification transition.

Table 2. Outcomes of the observed transitions

Team Discussed issues Discussed goal-related issues
Verification Validation Verification Validation
Team 1 - DI 23 24 23 23
Team 2 - DI 29 27 29 19
Team 3- VR 21 34 20 24
Team 4 - VR 25 33 25 29

4.1 Efficiency, effectiveness and goal-related efficiency of transitions

The efficiency was calculated by dividing the number of discussed issues and the duration. As
expected, TT usually had lower efficiency in the verification than in the validation. However, the
difference was not significant (t(3) = -1,58, p = 0,21), although a large effect size was found (d = 0,8).
Moreover, while there was not a clear difference regarding the TT efficiency in the verification task,
the TT efficiency in the validation was higher in VR (1,09 and 1,1) than in DI (0,8 and 0,88).

The TT effectiveness was around 1 in the verification task and slightly lower (from 0,7 to 0,96) in the
validation task (Table 3). More specifically, the differences in TT effectiveness between the two tasks
were significant (t(3) = 3,04, p = 0,056), and the effect size was large (d = 1,5). Furthermore, there
was no clear difference related to the differences between the two environments.

Finally, the goal-related efficiency in the verification and validation tasks did not significantly differ (t(3)
= 0,03, p = 0,98), and the effect size was small (d = 0,01). However, the difference in goal-related
efficiency between the two tasks might depend on the environment (Table 3). More specifically, the
goal-related efficiency in the validation task (0,76 and 0,62) conducted in a DI was lower than the goal-
related efficiency in the verification (0,77 and 0,93). On the other hand, the goal-related efficiency in the
verification task (0,63 and 0,81) conducted in a VR was lower than the validation (0,77 and 0,97).

Table 3. Performance measures of the observed transitions

Team Efficiency Effectiveness Goal-related efficiency
(issues/min) (- (issues/min)
Verification | Validation | Verification | Validation | Verification | Validation
Team 1 - DI 0,77 0,8 1 0,96 0,77 0,76
Team 2 - DI 0,93 0,88 1 0,7 0,93 0,62
Team 3 - VR 0,66 1,09 0,95 0,71 0,63 0,77
Team 4 - VR 0,81 1,1 1 0,88 0,81 0,97

4.2 Dynamics of discussed issues

Observing the dynamics of the discussed issues can provide additional insights into the effect of
transition goals and environments. Figure 2 shows that the goal-related issues appeared along the
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transitions. The only prolonged periods without discussing goal-related issues occurred in the
validation transition of Team 2 - Low. Despite these differences, no clear difference in patterns of
goal-related issue distribution exists between the two transitions. When comparing the distribution of
goal-related actions in DI and VR, there was a higher frequency of alternation between the goal-
related actions and actions unrelated to the goal in VR than in DI.

Furthermore, Figure 2 shows that the discussed issues were not always uniformly distributed across
the transitions. The polar sampling of the two tasks (see Table 2) with the lowest goal-related
efficiency (validation of Team 2 - Low and verification of Team 3 - High) and two tasks with the
highest TT goal-related efficiency (verification of Team 2 - Low and validation of Team 4 - High)
suggests some distinctive patterns. The low-performing teams fixated on several issues for much
longer than the high-performing ones. This fixation is depicted by the horizontal lines in the graphs,
often wider in low-performing tasks than in high-performing ones. Finally, higher-performance teams
consistently worked on new issues without prolonged periods of working on one issue.
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Figure 2. Cumulative number of discussed issues; a grey area depicts goal-related actions

5 DISCUSSION

The results show that the high-performing teams consistently discussed new issues and had regular
periods of work on the previous and repeated issues in between. On the other hand, low-performing
teams had prolonged periods without discussing any new issues. This difference in the low- and high-
performing team is in line with the finding that regular pauses in doing specific actions were related to
shared understanding (Cash et al., 2020). Furthermore, the low-performing teams might have suffered
from fixation, which consequently reduced the efficiency of the transition.

5.1 The effect of transition goal

The higher efficiency of the validation suggests that the transition goal might trigger teams to think
about more issues. This finding is in line with the broadness of the validation transitions, as they are
more open-ended than verification ones. More specifically, validation transitions are often focused on
issues that require relating to customers, which can be at least partially understood by most people. On
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the other hand, verification transitions require relating to specific requirements (e.g.,
manufacturability) that require specific expertise. Given that the validation transition requires general
expertise, it might be also easier to find new issues. Hence, it is not surprising that participants with
less or no design experience (e.g., end users) are often part of the transitions (Lauff et al., 2020; Liu et
al., 2018).

The lower effectiveness of the validation suggests that this goal might not fit mechanical designers as
the verification one. Specifically, transition is affected by team expertise (Deininger et al., 2019), and
mechanical designers might be more suitable for verification problems (Yilmaz & Daly, 2016).
Therefore, it is not just the goal that affects transition but the fit between the goal and background of
the TT. For example, mechanical designers often work with more defined problems than industrial
designers, suggesting that they might be more suited for verification transitions. This difference
confirms findings that transitions are conducted with stakeholders that have various backgrounds
(Lauff et al., 2020).

5.2 The effect of VR

The results show that the VR is more suitable for validation transitions, as teams had higher
performance than in DI validations and increased performance than verification in the same
environment. On the other hand, DI might be more suitable for the verification transitions due to
higher performance as compared to validation in the same environment. These results are in line with
the finding that VR might support divergent thinking (Sopher et al., 2022). Divergent thinking is an
important aspect of validations as these transitions require interpretation of customer jobs, gains, and
pains before evaluating and planning the design. Furthermore, the results also support the finding that
this environment might help people with less expertise (Horvat, Martinec, Lukacevic, et al., 2022), as
the mechanical design background of the team might be more suitable for the verification transition
(Yilmaz & Daly, 2016). Finally, these results suggest that the analysis of design artefacts does not
only depends on the goal of transition (Deininger et al., 2019; Lauff et al., 2020) but also on the
environment in which this artefact is represented.

These findings might be explained by the more natural interaction and navigation in VR than in DI,
resulting in users feeling a stronger sense of presence in VR (Eftekharifar et al., 2020). These
characteristics of VR might improve spatial (Lukacevi¢ et al., 2020) and contextual (Horvat, Martinec,
Lukacevié, et al., 2022) understanding of designs under transition - a prerequisite for evaluation
(D’Astous et al., 2004). Consequently, users in VR might become more aware of the context in which
the design is used. This easier interpretation might leave more mental capacity for evaluation and
planning actions. Furthermore, natural interaction and navigation in VR might, through priming,
trigger previous experiences in the real world (Liu et al., 2020). In this context, TTs in VR might focus
more on real-world scenarios, such as use cases and assessment of the design problem. Through the
same priming effect, DI might trigger previous experience regarding work in CAD, which is common
for mechanical designers. More specifically, mechanical designers usually utilise CAD tools in later
design phases, suggesting that working in this environment might prime TTs to think more about the
later phase aspects, thus supporting convergent thinking (Yilmaz & Daly, 2016). Altogether, the
results shed new light on the conflicting findings related to the effect of the environment on the
transitions (de Casenave & Lugo, 2017; Liu et al., 2020; Satter & Butler, 2015; Tea et al., 2022;
Wolfartsberger, 2019).

5.3 Limitations

Although the presented results provide new insights, some limitations prevent the generalisation of the
findings. Most notably, a small sample size prevents the generalisation to other contexts (e.g., different
team sizes). Nevertheless, the goal of the paper was not to provide the general relationship amongst
the variables but rather to establish new relationships - a case in which small samples provide the
possibility for an in-depth analysis. Related to that, although the analysis provides in-depth
guantitative analysis and expands commonly used indicators in transitions, they might be explained by
considering the discussion elaboration level of the issues (i.e., how detailed the team was in discussing
the issue) and the context of the issues (e.g., to which problem and solution aspects issue relate to).
This extension might provide a new set of indicators for the transitions that can provide a more
detailed description of their performance.
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6 CONCLUSIONS

This paper investigates the effect of goals and VR on transitions (e.g., design reviews). The results
show that the validation-oriented transition was more efficient but less effective than the verification-
oriented transition. The performance of validation-oriented transition compared to verification-
oriented transition was increased in a VR and decreased in a DI. Furthermore, the validation-oriented
TT performance was higher in VR than in the DI. Finally, the high-performing teams consistently
discussed new issues, while low-performing teams had prolonged moments of not discussing anything
new. These findings suggest that DI and VR are not substitutable but rather complementary
technologies. Finally, both v and goal affect TT performance, and it is necessary to consider them
when deciding on the team composition and the environment used to gather feedback.

The results have several implications for researchers and practitioners. Firstly, researchers should
consider process-related indicators of performance and include the goal of the transitions in these
metrics. Secondly, researchers can utilise the findings as a starting point to understand the relationship
between environment, goal, and transitions. Finally, design teams and educators should consider both
team composition and environment while planning the next transition.

Future studies should replicate presented findings with a larger sample and expand the performance
measurements. For example, studies might analyse the depth of the discussed issues or analyse the
context of the issues, i.e., to which problem and solution aspects they related. In addition, future work
should investigate generalisation to different types of transitions.
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