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Abstract

Industrial and service workers are often faced with distractions that can have negative effects on primary task
performance, including decreased productivity and increased errors. Findings in the existing literature primarily
focus on interruption consequences for cognitive tasks, with little work assessing the effects of interruptions on
visual-manual tasks, such as in industrial assembly operations. Furthermore, contradictory results have been
reported on effects of interruption similarity and complexity. The objective of this study was to evaluate interruption
task similarity and complexity manipulations on performance in a mock industrial assembly operation. Eighteen
participants completed nine trials of the assembly operation, including one baseline and eight interruption trials with
a full crossing of task similarity (to the primary assembly operation; similar and dissimilar) and complexity (simple
and complex) with replication. Results revealed enhanced productivity after interruptions compared to the baseline
condition and after complex vs. simple interruptions. Primary task resumption lag increased significantly after
similar interruptions compared to dissimilar. These findings are applicable to worker performance of procedural
visual-manual assembly operations and support job design for increasing productivity.
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1. Introduction

With increasing use of technology in the workplace, modern-day workers are often faced with multitasking
situations and greater levels of distraction than in previous generations. Multitasking and task distractions can have
negative side effects for primary task performance, such as decreased productivity. For example, in an observational
study where operators captured and updated telephone-line data on a computer screen, it was found that processing
time increased significantly as the number of interruptions increased [1]. In another study, it was found that nurses
who were interrupted while preparing and administering medications exhibited a 12-13% increase in error rate per
interruption, and that the severity of errors also increased significantly as the number of interruptions increased [2].
Related to this, in an analysis of daily work logs of 21 employees, it was found that office workers experienced, on
average, seven interruptions per day [3], while in another study, workers were observed to spend less than 3 minutes
on any task before switching to another [4]. These studies reveal serious potential negative effects of interruptions
on human performance.

While research findings indicate interruptions have negative effects on primary tasks, there are contradictory
findings regarding the manipulation of interruption similarity. Some research indicates interruptions similar to the
primary task cause interference in working memory (WM), leading to degraded performance [5-8]. However, other
research claims interruptions have a negative effect on performance regardless of how similar demands may be to
the primary task [1,9]. Conflicting findings have also been found regarding interruption complexity. Some research
claims that more complex interruptions degrade primary task performance more so than less complex interruptions
[10-12]. However, other research suggests there is no significant difference [1,13].

1.1. Motivation

Several studies on interruption effects have identified negative effects, including degradations in productivity (e.g.,
task completion time), and increased resumption lag, defined as the time it takes to return to a primary task after
completing the interruption task (secondary task). Furthermore, there are conflicting findings regarding the effects of



Zahabi, Zhang, Pankok, Choi, Liao, Nam, Kaber

complexity and similarity of interruption tasks on primary task performance. Most research in the field focuses on
cognitive tasks with little work having investigated the effects of interruptions on procedural visual-manual tasks,
such as worker assembly of products in a manufacturing environment. On this basis, the objective of this study was
to analyze effects of similar interruptions and complex interruptions on performance of a mock industrial assembly
operation. The study was aimed at addressing real production supervisor questions such as “What types of tasks can
be administered to assembly workers during work shifts?”” and “What types of tasks should be delayed to the end of
an assembly shift?”

2. Method

2.1. Participants

Eighteen participants (11 male, 7 female) between 19 and 32 years of age (mean=22.6 years, SD=3.42 years) were
required for participation in this study. All participants self-reported normal or corrected 20/20 vision, no color
vision impairment, or upper extremity disability. Participants were compensated at a rate of $15 per hour for their
time. The North Carolina State University Institutional Review Board approved the experiment procedure.

2.2. Apparatus

The experiment setup consisted of two desktop computers presenting instructions for a primary LEGO assembly
task and similar (LEGO assembly) interruption tasks. The dissimilar (arithmetic problem) interruption tasks were
presented on paper. Two tables oriented perpendicular to each other were used to administer the primary and
interruption tasks separately (see Figure 1). Unique types of LEGO pieces were placed in separate part bins on each
table. Bins were located at a distance of 548 mm from participants, which was calculated based on the 5" percentile
of zone of convenience reach for the U.S. population [14].

Assembly Instructions

Primary Task Assembly Area

Figure 1: Experiment setup

2.3. Independent Variables and Experiment Design

The independent variables in the study included complexity (simple vs. complex) and similarity (similar vs.
dissimilar) of the interruption task to the primary assembly operation. The primary task was a 36-layer LEGO
assembly operation administered via a procedural, step-by-step manual. The similar interruption task required
participants to perform a LEGO assembly operation while the dissimilar interruption task involved a series of
pencil-and-paper math problems, unrelated to the primary LEGO assembly operation. The simple-similar
interruption task was a 12-layer LEGO assembly operation, requiring just one type of LEGO brick (2X4 size) for
assembly, and was also presented with a procedural, step-by-step manual. The complex-similar level was a five-
layer assembly operation containing a variety of LEGO shapes with the assembly reference being a one-page static
“3D” computer image, requiring participants to mentally rotate the assembly in order to correctly complete layers.
The description of interruption tasks is shown in Table 1. Selection of simple and complex arithmetic problems was
justified based on the literature [15] and pilot testing to verify that the complex tasks required significantly more
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time (p<0.05) to complete than simple tasks. In addition, the maximum number of working memory (WM) chunks
required for task performance at any given time was estimated by using the Goals, Operators, Methods, and
Selection (GOMS) rules modeling technique to justify the complexity level for all interruption tasks [16]. A WM
chunk is defined as a single meaningful unit of information [17] maintained in temporary memory. Previous studies
have shown that cognitive overload may occur when more than five chunks of information must be maintained in
WM at any given time [18]. The results showed that the complex tasks imposed greater WM loads than the simple
tasks (WM chunk counts are reported in Table 1). This approach has been used previously to justify complexity
levels of interruption tasks [19].

Table 1: Description of interruption tasks and the maximum number of WM chunk counts

Complexity Similarity to Description WM Chunk
Level Primary Task P Counts

Assembly operation with LEGOs of the same shape

Simole Similar (i.e., 2*4) and a step-by-step manual 4
P Dissimilar Addition problems; A+B where 1<A<9, 1<B<9, and 3
A*B<25
I Assembly operation with LEGOs of different shapes
Similar . . . 7
Complex and static 3D instructions.

P Multiplication problems which require carrying over a

Dissimilar digit to the hundredths place; A*B where A<99, B>9, 6

and A!'=B

The experiment followed a 2x2 within-subjects design representing a full crossing of the levels of interruption
complexity and similarity. Each condition was replicated for each participant. Participants also completed a baseline
trial that included no interruptions, resulting in nine total trials per participant. The order of administration of the
nine trials was randomized in order to mitigate potential order effects.

2.4. Dependent Variables

The two dependent variables included post-interruption time per layer and resumption lag time. Post-interruption
time per layer was defined as the average time to complete the remaining layers of the primary assembly after
interruption task performance. To assess the effect of interruptions (i.e., not complexity or similarity of
interruptions), analysis was performed on the time per layer (after the interruption) in the treatment tasks minus the
equivalent time per layer in the baseline task. It is important to note that higher productivity is equivalent to a
smaller time per layer. Resumption lag was defined as the time to resume the primary task after interruption,
measured as the time between the end of the interruption task and participant placing a first LEGO on the primary
assembly operation.

2.5. Hypotheses

Based on the literature review, it was expected that the post-interruption productivity under interruption conditions
would decrease in comparison to the non-interruption condition (Hypothesis 1 (H(1)), decrease in complex
interruptions compared to simple interruptions (H2), and decrease in similar interruptions compared to dissimilar
interruptions (H3). In addition, it was expected that the resumption lag in complex interruptions would be longer
compared to simple interruptions (H4), and would be longer in similar interruptions compared to dissimilar
interruptions (H5).

2.6. Procedure

Prior to the scheduled experiment time, potential participants were asked to complete a demographic questionnaire
to disclose any color vision impairment, upper extremity disability, and prior experience with LEGOs. Participants
who indicated recent and frequent LEGO use were excluded from the study in order to promote a uniform set of
participants in terms of LEGO assembly skills. Upon arrival at the laboratory, participants read and signed an
informed consent form. They were then given an overview of the experiment with explanation of the primary and
interruption tasks. A training session was provided to familiarize the participants with the LEGO assembly
operation. For trials with interruption, participants heard an automated bell, indicating that they had to stop the
primary task immediately and turn to the other table and complete the interruption task. The interruption occurred at
a randomly generated time between 3 and 5 minutes after the start of the primary task. Once the interruption task
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was complete, participants were asked to immediately return to the primary task. Once participants finished the
primary assembly operation, they were given a break before proceeding to the next trial. During this break, the part
bins containing specific types of LEGOs were repositioned to prevent participants from learning part locations. This
procedure was repeated eight times for each participant with the entire experiment lasting approximately 2.5 hours
per participant.

2.7. Data Analysis

A paired t-test was used to analyze the effect of interruptions on post-interruption time per layer (productivity) while
Analysis of Variance (ANOVA) was used to analyze the effect of similarity and complexity of interruptions on the
dependent variables. Constant variance and residual normality were assessed to ensure all ANOVA assumptions
were met. If there was evidence of any assumption violation, either a square-root transform was applied to the raw
responses or the responses were ranked in order to conduct a nonparametric ANOVA.

3. Results

3.1. Post-Interruption Time per Layer

A paired t-test revealed a significant effect of interruptions (t(98)=-4.353, p<0.001, d=0.101) on mean time per
assembly layer. Mean time per layer decreased significantly (i.e., productivity increased) after an interruption
(1=10.290 s, 6=2.476 s), as compared to the baseline trial (u=11.154 s, 6=2.986 s). An ANOVA was performed on
the square-root-transform of mean time per post-interruption layer in order to assess the effect of different types of
interruptions. Results revealed a significant effect of complexity (F(1,91)=4.2903, p=0.041), but no effect of
similarity (F(1,91)=1.5508, p=0.216) or any interaction effect (F(1,91)=0.326, p=0.570). Complex interruptions
significantly decreased time per layer (i.e., increased productivity) after the interruption, as compared to simple
interruptions. Table 2 shows descriptive statistics for post-interruption time per layer.

Table 2: Descriptive statistics for post-interruption time per layer

Condition Mean (s) Standard Deviation (s)
Difference between Interruption and Baseline -0.864 1.973
Similar-Simple 10.002 5.095
Similar- Complex 10.915 2.800
Dissimilar-Simple 10.600 2.155
Dissimilar-Complex 10.339 2.611

(Note: The negative mean value in the first row indicates the post-interruption layer time was, on average, less
than the layer completion times under the baseline condition. The mean values in all other rows are the actual
post-interruption layer completion times under the various interruption conditions.)

3.2. Resumption Lag

An ANOVA was performed on normalized resumption lag (i.e., z-scores) revealing a significant effect of similarity
(F(1,114)=7.4546, p=0.007), but no significant effect of complexity (F(1,114)=0.2030, p=0.653) or an interaction
effect (F(1,114)=0.0006, p=0.981). Resumption lag was significantly longer when the interruption task was similar
to the main assembly operation vs. being dissimilar (Figure 2).
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Figure 2: The effect of experiment condition on resumption lag
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4. Discussion

Our results showed that post-interruption productivity in the primary task increased after an interruption, which was
contrary to expectation (H1). We also expected that complex and similar interruptions would degrade post-
interruption productivity (H2 and H3). However, neither of these hypotheses was supported by the results. There
was a significant effect of complexity, but productivity increased after the interruption. It is possible that the
complex interruption tasks, which required more information processing than the simple tasks, increased participant
arousal more so than the simple interruptions, and this arousal carried over into the post-interruption stage of
assembly. The results might also be due to boredom in performing the tasks. Although each assembly lasted only 8-
10 min in total, repeated assemblies may have led to participant boredom, increasing the arousal when participants
were signaled to perform the interruption task. In addition, it is possible that increased complexity led to greater
participant engagement. Once participants completed the complex interruption task, they may have anticipated being
close to completion of the experiment, leading to increased arousal and higher post-interruption productivity. A
similar result was reported in a procedural, visual-manual text-editing task [13].

There was no significant resumption lag difference between simple/complex interruption tasks (rejecting H4),
but resumption lag was significantly greater when a similar interruption was administered (supporting H5). The
second finding suggests that there may be interference in WM between the interruption task and the primary task in
the 3-8 s it took to transition back to the primary assembly operation. Similar interruptions may have led to a higher
rate of decay for the primary task goal [12] than dissimilar interruptions, providing enough interference with the
primary task goal to increase delay return to the primary task.

5. Conclusion

The objective of this study was to analyze effects of similar interruptions and complex interruptions on performance
in a mock industrial assembly operation. Results indicate that complex interruptions may cause arousal that
increases productivity in a primary assembly operation following an interruption. Similar interruptions increased the
time required to resume the primary assembly operation following an interruption. Related to the broader research
questions we identified in the motivation section, our results suggest that while it is not ideal to interrupt a worker
during an assembly operation, it may be better to interrupt a worker to ask for a status update or to perform mental
calculations, while assembly reworks or repairs may be better saved for the end of a workshift or an ongoing
assembly operation.

5.1. Limitations

One limitation of our study was that the assembly task we designed was completely manual and no tools were
required in the operation. This scenario might not be representative of some industrial jobs. Another limitation was
that participants were interrupted by an automated bell, which may not be a realistic representation of a real-world
job environment, where interruptions could come in the form of requests for information by other employees or
supervisors.

5.2. Future Work

Future work should examine the use of more complex assemblies potentially including tool use. It could also
involve a paradigm in which participants choose when to stop the primary task and begin the interruption task rather
than requiring them to immediately address the interruption.
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