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Abstract. 4 controlled vocabulary list that was originally developed for the
automotive assembly environment was modified for home appliance assembly in
this study. After surveying over 700 assembly tasks with the original vocabulary,
additions were made to the vocabulary list as necessary. The vocabulary allowed
for the transformation of work instructions in approximately 90% of cases, with
the most discrepancies occurring during the inspection phase of the transfer line.
The modified vocabulary list was then tested for coder reliability to ensure broad
usability and was found to have Cohen’s kappa values of 0.671 < k < 0.848
between coders and kappa values of 0.731 < k < 0.875 within coders over time.
Using this analysis, it was demonstrated that this original automotive vocabulary
could be applied to the non-automotive context with a high degree of reliability
and consistency.
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1 Why implement a controlled vocabulary?

Manufacturing and assembly of products is often a collaborative effort between hu-
man associates and machines. With an increasing demand in productivity and efficiency
from human workers, it is especially important to ensure that the provided work in-
structions to human workers are accurate and descriptive. This includes both the content
and delivery of work instructions. A controlled vocabulary is one such approach within
manufacturing which focuses on the content of text-based instructions. It is meant to
capture a particular implementation process, to provide clear instructions, and prevent
error. In this context, a set of verbs describes the motions performed to do a task, which
can then be used to create a standard design for dictating process descriptions [1-3].
Prior to this, written documents describing assembly tasks lacked uniformity and were
ambiguous and open to interpretation. This led to a variety of problems ranging from
manufacturing defects to safety concerns. To create consistency across technologies
and products, controlled vocabulary has been developed, which can help mitigate the



differences in interpretation. Ford Body and Assembly Operations was one of the first
firms to create a language to standardize their work instructions protocol for assembly
tasks [1]. From there, they were quickly able to see the benefits, especially with respect
to the assembly planners. Not only was the writing of assembly instructions standard-
ized, but ease of machine translation was also apparent. In combination, this helped the
planners to predict assembly times based on the verbs used in the work instructions [3].
A controlled vocabulary was also found to be helpful in creating decision support sys-
tems and to estimate assembly time [4]. In terms of the Toyota production system,
standardization has been found to be one of the bedrocks of kaizen and the continuous
improvement benefits of standardization have been well-documented [5,6].

The standardization of vocabulary in instruction manuals or process sheets have
shown to provide great value [1,7]. As previously mentioned, companies like Ford and
Toyota have implemented standard language and found an increase in comprehension
by individuals throughout the whole organization. Upon evaluating the standardization,
Ford found that clear vocabulary helped limit the number of errors that they encoun-
tered in their processes. Additionally, with technology on the rise within manufacturing
systems, a standard language allows for not only human understanding, but machine
and software understanding as well. In turn, this provides a more cohesive communi-
cative understanding between human and machine. Implementing a standard language
helps decrease the complexity of the instructions, which makes the manuals clearer and
more concise. As a result, this provides more accurate data on the given tasks and a
thorough understanding of the process [1,6].

2 Controlled Vocabulary Context

In previous work, a controlled vocabulary was proposed to analyze several aspects
of an automotive assembly line [2]. In this paper, this controlled vocabulary is applied
to a home appliance transfer line to understand the general applicability of the proposed
vocabulary and identify any potential improvements. This standard vocabulary pro-
vided in previous work was used, among other things, to better understand the appro-
priate level of automation for a given assembly task.

Although the aims of the previous study and this current research differ in some
respects, the successes of the first study would suggest potential benefits in applying
this vocabulary to a home appliance transfer line. This work explored what modifica-
tions, if any, would need to be made to apply the automotive standard vocabulary to a
home appliance assembly line. Table 1 shows the standard vocabulary used for char-
acterizing assembly tasks in the home appliance assembly line.

Table 1: List of Standard Verbs (adapted from [2])

Align Disengage Lay Remove Screw
Clamp Get Move Restock Snap
Clean Insert Open Restrict Tighten
Connect Inspect Place Scan




It should be noted that not all of the standardized verbs specified in prior work are
listed in Table 1, rather only the verbs used in this case are shown. Additionally, verbs
associated with non-value-added tasks are shaded, while the remaining verbs are related
to value-added tasks. In this study, value-added tasks are those that transform the prod-
uct in a way that gives it some desirable feature or trait as defined by the end user.

The manufacturing system currently being evaluated is comprised of transfer lines
for the assembly of home appliances. The appliances are assembled through a variety
of stamping processes and automated assembly, with roughly 650 employees executing
the process. The layout of the plant consists of two separate assembly lines for two
different models (P1 and P2) of the appliance. Transfer lines were divided off in a sim-
ilar fashion, with tasks for Assembly (A), Inspection (I), with several support lines.
They will be described in this analysis as M1 and M2, and the three other miscellaneous
support lines specified as X1, X2, and Xs.

For the purposes of this analysis, the whole line was broken down into approximately
700 tasks, which were distributed throughout the plant between human assembly, ma-
chine assembly, and the infrastructure used to transfer products between workstations.
Operators in this facility typically conduct their tasks either sitting or, more commonly,
standing; most workers also have some sort of storage space that contain parts or as-
sembly pieces. Some operators use basic hand tools or torque wrenches to aid in their
assembly tasks and upon completion of their task, some operators use a foot pedal to
advance the assembly to the next workstation.

3 Application of Controlled Vocabulary

3.1 Procedure

The standard vocabulary identified in prior work [2] was applied to this new assem-
bly process. The tasks used currently on the assembly line were reviewed to apply the
controlled vocabulary such that the substantive information within the task list is not
modified, but the actions verbs were changed to match the controlled vocabulary. The
task list was divided into four equivalent sections which were then processed by four
coders. These were then combined to create the complete list of assembly tasks.

The vocabulary used in this analysis is shown below in Table 2, where the first col-
umn shows the standard vocabulary from previous work, and the remaining columns
show verbs used in task descriptions for the home appliance assembly line. As shown
in the table, mapping of verbs in the current task description to controlled vocabulary
resulted in a one-to-many mapping. This suggests that assembly instructions currently
used in the home appliance assembly line may be using different terms to describe the
same action. Additionally, the word “position” in the current task descriptions was
found to be mapped to two verbs from the standard vocabulary: “align” and “place.”
This shows that there is ambiguity in the term “position”, and it should possibly be
avoided when describing assembly tasks in this setting.



Table 2. The final proposed standard vocabulary with key.

Standard Verb | Value-Add? Verb Observed in Original Instruction
Align VA Twist Position' Turn Adjust Organize
Clamp VA Attach Clamp
Clean VA Wipe
Connect VA Attach Install Hook Plug-in Connect
Disengage VA Unhook Separate
Get NVA Obtain Pick up
Insert VA Start Insert Install Dip
Inspect NVA* Inspect Check
Lay NVA Route Pull
Move NVA Move Pull out Close Lift Flip
Open NVA Unwrap Open
Place VA Place Position® Insert
Remove NVA* Peel
Restock NVA* Restock Fill
Restrict VA Secure Tie
Scan VA Scan
Screw VA Screw Secure
Snap VA Snap
Tighten VA Tighten Tool
' followed by prepositional phrase % — without location restriction
* - Identified as value-add in [3] but modified as nonvalue-add in this study.

3.2 Applicability to Assembly Process

The process of verb standardization was found to be straightforward for the most
part; however, not all of the assembly tasks were successfully converted into standard-
ized verbs. Fig. 1 below shows the result of verb standardization. The graph is divided
into seven sections, each of them being a segment or stage of the assembly line. The
percentage of verbs that were compatible with the controlled vocabulary are shown by
product model (P1 and P2) and by stage (A, I, M1, Ma, X1, X2, and X3). It should be
noted that the “X3” support line was only present for P1, and that there was no equiva-
lent support line for P2.

Overall, 89% of the verbs in the original work instructions were addressed by the
standardization. The “M>” stage, which corresponds to highly mechanized tasks, had
the highest standardization across both product models. Many of the verbs that were
not addressed occurred more frequently in stages “I” and “M1”, which involved irreg-
ular tasks. For example, one of the tasks listed in the work instructions was vacuuming
excess water from the appliance, with the assembly task described as “Wait time on
vacuum.” This task was not indicative of the assembly process at hand but was rather
an intermediate “irregular” step that related to the assembly environment.
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Fig. 1. The results of the verb standardization by model and process stage.

When matching verbs to standardized language, it was important to have precise
definitions. For example, place and align are standardized verbs that have similar mean-
ings. To clarify, the group chose to use the verb “align” if the assembly instructions
refer to an orientation, distance or angle with respect to another object, otherwise the
verb “place” was used. The reason to differentiate between those verbs was to ensure
when higher precision in assembly was required. This suggests that in addition to a
standard list of verbs, each verb needs to be clearly defined to ensure accuracy and
consistency of instructions. An example for each verb may also be beneficial to authors
of assembly instructions.

3.3  Measures of Agreement

Once the final set of verbs was established, an intercoder reliability analysis was
completed within and between coders. The four coders chosen for this test were all
graduate students in either mechanical or industrial engineering and had work experi-
ence ranging from one to five years. The different coders each applied the standard
vocabulary to a random sample of the larger set of work instructions. This sample was
gathered by amassing every fifth line of the work instructions provided to assembly
associates at their respective workstation. This sampling of the workstation instructions
allowed for the entire length of the transfer line to be assessed. Each of the four coders
assessed the same sampling of work instructions separately, and each coder’s assign-
ment of the standard vocabulary was compared to the other three sets. In order to
properly understand the utility of the standard vocabulary amongst individuals with
varying backgrounds, Cohen’s Kappa (i) was calculated for each of the comparison
cases between coders. For intercoder agreement, Kappa values greater than 0.600 are
considered to indicate substantial agreement, while Kappa values above 0.800 indicate
“almost perfect” agreement [8,9].The Kappa values found between each of the four
coders is shown below in Table 3. Cohen’s Kappa (i) value for the agreement analysis
between the four coders.



Table 3. Cohen’s Kappa () value for the agreement analysis between the four coders.

Coder 1 Coder 2 Coder 3 Coder 4
Coder 1 \ - 0.671 0.761 0.775
Coder 2 \ 0.671 - 0.848 0.715
Coder 3 \ 0.761 0.848 - 0.811
Coder 4 \ 0.775 0.715 0.811 -

Kappa values indicated substantial agreement amongst the four coders, which is
unsurprising given that all four had been given training with the standard vocabulary
key in Table 2. To further analyze the utility of the new standard vocabulary, a similar
analysis was completed using Cohen’s Kappa, but in this instance, the analysis was
within each of the four coders. After five weeks, the original four coders were given the
same set of randomly selected tasks from the broader list of work instructions. Without
consulting their previous responses, the coders were asked to apply the standard vocab-
ulary once again, and agreement was assessed between this set of responses and their
first set of earlier responses. This application of Cohen’s Kappa helps to ensure that the
vocabulary is a useful tool over time, and that the original intercoder agreement was
not simply the result of recent training but was indicative of the vocabulary’s usability.
The Kappa values for each of the raters was greater than 0.731, suggesting a high-level
of internal consistency amongst coders using the standard vocabulary [8,9]. In sum-
mary, the “rating” or application of controlled vocabulary in this case was found to be
consistent between coders and within coders, suggesting that the underlying method of
vocabulary application is robust.

Because each of the four coders was trained using the standard verb key, it may
seem odd that there was not complete agreement (k = 1) amongst the coders. However,
there were a few discrepancies present in the sample of work instructions that could
explain this variation. Namely, there were discrepancies in the number of tasks that an
individual work instruction represented. Some work instructions explicitly stated two
distinct tasks (e.g. “Open door and insert weight.”) or instructed the operator to interact
with multiple parts (e.g. “Get bolts (3).”). In these cases, if coders split those tasks into
several different tasks, the test was adjusted to only include verb assignments that each
coder made. However, work instructions that included implied conditions may also af-
fect how the coder assigned a standard verb based on prior knowledge of the process or
the parts and tools being used. This ambiguity was also another possible explanation
for some of the variation among coders in the sample tasks.

4 Summary

Due to the successes observed in the automotive industry from using standard vo-
cabulary, an existing assembly vocabulary was modified to evaluate a home-appliance
manufacturing line. Nearly 90% of the tasks listed in the original work instructions
were addressed within the standardization. In conclusion, the use of standard vocabu-
lary stemming from the automotive industry applied well to the home-appliance system



with only slight variance. To test the agreement of the standard vocabulary list, an in-
tercoder reliability test was conducted between and within the coders. This showed the
strength of long-term agreement within the coders individually and the agreement be-
tween all the coders together. As a result, it holds true that controlled vocabulary is
useful over time and the application was robust. Several additional benefits have been
observed during the application of the standard vocabulary including:

automation of assembly time estimation [10,11]

benefits for system modelling using discrete event simulation [12]
identifying the value stream of a product

the elimination of potential translation errors

These additional benefits will be expounded upon in a later work, but also serve to
demonstrate the optimized process flow that may accompany the implementation of a
standard vocabulary in manufacturing and assembly.

4.1 Limitations

During the process of applying the standard vocabulary list to such a large number
of assembly tasks, several limitations became apparent. Application of the standard vo-
cabulary was done through document review only, meaning the actual work being done
on the assembly was not always observed in order to apply the vocabulary onto existing
instructions. While this is one of the biggest advantages of applying the vocabulary,
this also presented some challenges. Even when certain verbs were straightforward to
standardize, there were some exceptions when the task description was vague. The verb
“obtain” has a specific meaning making it simple to assign a descriptive and accurate
verb, while other verbs, like “secure”, left more room for interpretation (i.e. a part could
be secured by screwing, tightening, or clamping). When these verbs were encountered,
more work was required to find the most accurate standardized language. By looking
at previous tasks, more context could be gained. If an operator needs to get screws
immediately before the part is secured, there is a high likelihood that the part is screwed
in. Using the pictures that accompany the work instructions can also help clarify exactly
what the operator is doing. If none of the verbs on the standardized list were applicable,
new ones could be added.

4.2 Future Work

Future work would benefit from looking at the physical work done by the operators
and seeing the value of applying the modified controlled vocabulary. Additionally, fu-
ture work can also determine whether an appropriate level of specificity is provided
within the standard vocabulary, and whether the level of specificity needed is different
based on the products being assembled. Also, using the standard vocabulary for other
manufacturing settings can help expand the applicability of the automotive assembly
standard vocabulary from [2]. Because this application was successful for the home-
appliance manufacturing line, it is expected that applying the standard vocabulary in
other manufacturing systems could also produce positive benefits.
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