




















Bugra Alkan

Fig. 4: Sixteen molecule ball-and-stick models used in as-
sembly experiments

Fig. 5: The assembly schematics of ball-and-stick model
number 8. In schematic, atoms are coded with colours; and
the interfaces are represented as: single edges (short single
connectors), double edges (medium connectors) and curved
edges (long flexible connectors).

the relevant part according to the given assembly instruction.
Please note that, to minimise the effects of the learning, the
order of the molecular assemblies are randomised for each
participants.

5.2 Participants

11 male and 1 female participants aged between 21-42 have

been taken part in the experiments. The participants are mainly

postgraduate (i.e. MSc and PhD) students and researchers
(i.e. research assistants, project engineers and research fel-
lows) within the WMG Department at the University of War-
wick. Please note that, the participants do not have any pre-

vious industrial assembly experience. The participants have
been separated into two control groups:

— Group A: contains first five participants based on the
recorded average assembly times (fastest workers),

— Group B: contains last five participants based on the recorded

average assembly times (slowest workers),

Table 3 summarises the participants’ information.

Table 3: Participants’ info.

Number Average Age Min Age Max Age
Female 1 25 25 25
Male 11 30.667 21 42
Total 12 30.1 21 42

5.3 Estimation of product complexity

In all cases, part complexity is considered as the average
ergonomic effort associated with the handling of relevant
atoms from the container boxes, and is expressed as a func-
tion of average handling time. The handling time involves
the localisation of the relevant box, moving arm to pick po-
sition, picking the relevant atom and returning arm to work
position, and is calculated as follows.

th=t+t+tm+1tp+tw )

Similarly, interface complexity is calculated based on the av-
erage completion time of a liaison between a pair of handled
atoms in isolated conditions. In addition to the handling of
connectors, completion of a liaison involves a joining pro-
cess requiring the localisation of the connection holes, se-
lection of a proper response, orientation and positioning of
atoms and connector, placing connectors to both atoms, ad-
justing connections and a final check, and can be calculated
as below.

L=ttt +1to+1tp +1la+1c (10)

In order to estimate average temporal demand of above men-
tioned activities, a series of short experiments (prior to the
molecule assembly experiments) was performed by same
participants. During the experiments, the participants were
asked to complete a series of task, involving picking a par-
ticular type of atom, and establishing a liaison between a
pair of handled atom with a specific type of connector. In
order to minimise the effect of learning curve, the task or-
der is randomised in each trial. According to the results, the



