





2D’, ‘Creating 3D’ and ‘Creating 2D’ are increasingly followed by ‘Deleting’. This suggests that for
longer sequences, participants are having difficulties in both generating the geometry and the ability to
constrain it appropriately so that it can be edited without causing issues with the model.

Figure 7. Transition matrices between the event types captured within the CAD logs

5. Discussion and future work

This exploratory study has provided some initial insights into the potential of CAD logs to provide
insights into the activities of engineers and the engineering design process, and how differences between
sequences manifest themselves. In terms of the use of commands within CAD logs for the design of the
pulley, it was revealed that there were three groups of commands. These are:
1. core commands used that are independent of the component being modelled and/or necessary
for the development of the specific component;
2. commands used by a small group of participants who have approached the modelling of the
component in a different manner; and,
3. commands used by very few people that are most likely irrelevant or unnecessary to the
component being modelled.
Given these findings, there is potential for future work to develop signatures for various components in
terms of the commands required and this could be used to monitor progression, the competency of an
engineer creating the component and as a method of identifying the type of component being produced.
Moving to the proportions and time spent on the command types, ‘deleting’ has been identified as the
main contributing factor to the sequence length and time spent on modelling the component. The level
of ‘deleting’ could be used as a monitor to highlight a particularly challenging component to model
and/or where further support is required by the engineer. In addition, the importance of taking a
‘sequence’ and ‘time spent’ view has been shown through the prevalence of ‘creating 3D’ in terms of
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the number of commands selected whilst ‘creating 2D’ has more time spent on it. This poses an
interesting area for future work in understanding the affordances of sequence and time spent analyses.
The last aspect considered event transitions where it was shown that the small, medium and long
sequences all follow a similar macro pattern of creation, deletion and creation of the final component.
However, the micro patterns reveal that medium and long sequences showed increased iteration through
‘deletion’ and ‘reversing’ with the longer sequences highlighting a consistent deletion of the entire
geometry before remaking the component rather than editing existing geometry. This has been further
confirmed by the transition matrices. These initial results have demonstrated the potential of using
transitions to understand engineers’ interaction and modelling approach within the CAD environment.
In the case of this study, the transition matrices identified the challenges the participants were having
with the generation of constrained geometry that could be easily edited as it was seen that participants
with longer sequences reverted to deletion and re-making rather than editing. Future work in analysing
transitions could identify further user interaction behaviour which could then be to support the
monitoring of engineering projects.

In addition, this study has only focused on a single component being modelled by participants with little
to no knowledge of CAD software. The authors are continuing their research into more complex CAD
models including assemblies, and also investigating the user interaction of participants with varying
levels of experience.

6. Conclusion

Computer Aided Design (CAD) plays a fundamental and pivotal role in almost all engineering design
activities and supports the generation of the primary digital embodiment of the product. With engineers
increasingly spending more time using CAD, CAD logs have the potential to provide a non-obtrusive
sensor for the monitoring, assessment and evaluation of engineers and the engineering design process.
This paper has evaluated this potential with an exploratory study of 45 participants generating a single
CAD component with the aim of understanding how differences within the CAD sequences may
manifest themselves. Analysis of CAD logs revealed three groupings commands of commands, which
are: core commands used that are independent of the component being modelled and/or necessary for
the development of the specific component; commands used by a small group of participants who have
approached the modelling of the component in a different manner; and, commands used by very few
people that are most likely irrelevant or unnecessary to the component being modelled. In addition,
deletion and time spent creating 2D geometry were the primary factors in increasing sequence length
and time spent generating the model. This has been further supported by the transition matrices
highlighting that participants with longer sequences preferred to delete geometry and re-make rather
than edit existing geometry. This highlighted the difficulties these participants were having on
generating constrained geometry that could be easily edited in the future and could use
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