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ABSTRACT
This paper explores functional decomposition in early de-

sign. In the first part of this study, we explore how the three most
common methods (top-down, energy-flow, enumeration) affect
concept generation for novice design teams (n=25). We found
that nearly all the features in the final concept could be mapped
to the function diagram, though not all the functions mapped to
the actual concept. This suggests that there is not much change
in system functionality between these two phases, despite being
separated by a few weeks. We also found that teams who used
top-down and energy-flow performed nearly the same, and teams
who used enumeration performed worse than those who used
energy-flow. Based on these results, we recommend using either
top-down or energy-flow, but not enumeration in early design.
We also observed that teams used the diagramming process to
reach a consensus and support team communication. The second
part of this study evaluates design reports (n=78) from industry
engineers taking a distance learning design course. Even though
roughly half of the reports used functional decomposition, there
was no correlation between using functional decomposition and
final design quality as measured by various grade components.
We also observed that half of the function diagrams were tree di-
agrams. This supports prior findings that a top-down, tree-based
approach is more intuitive for engineers. Together, these results
suggest that functional decomposition is helpful for team com-
munication, but show no direct correlation with design outcome.
We also recommend training strategies for teaching decomposi-
tion based on differences between the two datasets.

∗Address all correspondence to this author. boothj@purdue.edu

1 INTRODUCTION
Functional decomposition has long been described as a an

important step in early design, especially prior to concept gen-
eration (Table 1). The purpose of this method is to expand the
potential design space that a designer can explore, thus increas-
ing the number of generated ideas, and improving management
and design team organization [1]. Others have suggested that
this may lead to improved creativity [2]. Consequently, func-
tional decomposition and related methods, such as biologically-
inspired design, design for affordance, and analogical design are
very attractive for improving design creativity and quality. Con-
sequently, this paper examines the impact of functional decom-
position on concept generation and its impact on the overall de-
sign.

This paper comprises two studies. In the first study, we intro-
duce the concept of function to sophomore students and observe
how they use this information to inform their designs. For this
portion of the paper, we use “function” to mean “the solution-
neutral detailed description of what are the intentions for the
products” [3]. The second study in the paper looks at existing
design reports from professional engineers. Because this second
study is observational, we did not directly enforce any particular
definition of “function” or “functional decomposition”. Others
have noted that in practice, the different definitions of function
are not necessarily problematic [4].

2 BACKGROUND
We explore functional decomposition in design because it

is reported to improve the search through the potential design
space [1, 5]. Functional decomposition is a systematic method
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for aiding the thinking of engineering designers [6]. Function-
based thinking is important for engineers, and indeed, we find
that most engineers are biased toward function over form [7].

To explore the recommended place of functional decomposi-
tion in early design, we examined two dozen engineering design
books, only 15 of which mentioned any sort of activity related to
functional decomposition. We further removed one book which
only described functional analysis for reverse engineering, leav-
ing 14 books (see Table 1). We then analyzed which methods
these books recommended for following the functional decom-
position task. We previously categorized these methods by the
mode of identifying specific functions [8].

While the methods are described in more detail in our prior
work [8, 9], we briefly describe them here as well. Energy-flow
is when functions are identified by identifying system inputs and
outputs, and then mapping changes in material, information, and
energy flows into functions. Top-down is when the overall sys-
tem function is determined and then subdivided into constituent
functions, often coinciding with sub-assemblies and parts. Enu-
meration is haphazardly determining system functions with no
systematic approach.

We found that 79% of the text books teach a black-box ap-
proach to functional decomposition as described first by Pahl and
Beitz [6]. Of these 11 that describe it, only four mention addi-
tional methods. Therefore the black-box method is by far the
most common approach taught. Only two taught the top-down
method [1,10]. Six out of 14 books (43%) describe enumeration,
or fail to describe a method to identify functions at all. One book
also describes a Subtract and Operate method, which is used for
product dissection only [1], and is therefore omitted.

In Table 1 we see that most authors place functional decom-
position before or concurrent with concept generation. These
sources also vary significantly in how they describe the process.
For example, they use a wide variety of different diagrams to
organize and communicate functional decompositions. We also
note that only a few ideation techniques directly correspond with
a function-based activity. The most common example of this is a
morphology matrix [22], which depends on having a list of func-
tions prior to the creation of the chart. The function-means tree
method is a method which iterates between generating level of
functions on a function tree and generating possible forms for
each function [10]. Other than these two methods, most concept
generation methods do not seem to be directly connected with a
function-identifying activity.

Research papers on functional decomposition in early design
propose or discuss functional decomposition methods [18, 23–
27], develop taxonomies [28–30], propose educational interven-
tions [31], or debate theory [32, 33], such as definitions [4, 34].
We omit from our search any papers which consider functions
for mathematical modeling or methods that consider pre-existing
artifacts. We only found one study that empirically tests func-
tional decomposition in early design. This study used an energy-

flow method for identifying functions, and three different dia-
gram types for recording the functions. Their results suggest that
using a pruned function diagram is more effective and producing
concepts than a typical function diagram in terms of design out-
come. However, it also found no statistical difference between
using no function model and using one [35].

3 METHODOLOGY
To the best of our knowledge, no prior studies have com-

pared multiple methods for identifying functions (energy-flow,
top-down, enumeration) on concept generation. We also do not
know of studies that relate the use of functional decomposition in
early design to the final design outcome. Based on design texts,
we assume that functional decomposition should 1) contribute to
concept generation, and 2) contribute to the final design. Specif-
ically, we wanted to ask two principle questions.

• 1 - Which functional decomposition method is most effec-
tive for supporting concept generation?

• 2 - Does the use of functional decomposition in early design
correlate with the final design quality, as measured by grade?

To answer these questions, we broke our study into two
parts. For question 1, we directed several sophomore design
teams embedded in a design course to use a specific functional
decomposition method prior to concept generation. To answer
question 2, we examined design reports submitted by profes-
sional engineers taking a distance-learning course.

3.1 Design of Experiment for Question 1
• 1 - Which functional decomposition method is most effec-

tive for supporting concept generation?

In order to see how different methods contribute to concept
generation, we examine how the generated functions correspond
to the final concept. We expect an inferior method to have fewer
details in the function tree as well as fewer functions that map to
the final concept. The latter is a sign that a team wandered more
before settling on a concept. To test this, we introduced three dif-
ferent methods for functional decomposition (energy-flow, top-
down, enumeration) prior to the concept generation phase in a
semester project. The course project was to design a device to
improve the life of a disabled person. The study included in-
class instruction, in-lab instruction and work time, and data col-
lection. Most of these took place five weeks after the start of the
semester. Because the project was conducted as a team, we mea-
sure the team output, rather than the individual output. All teams
in a section received the same treatment (see Table 2).

3.1.1 Population Participants were all enrolled in ME
263, a 2nd year design class. While this is technically a conve-
nience sample, the class is not elective for ME students, and the
sample represents a little more than half the junior class at Pur-
due. Since the sample includes all students, the sample may be
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TABLE 1. Engineering design textbooks and their treatment of functional decomposition in original design tasks. * Starred processes are substeps in
concept generation.

Authors Method Wording in Text Diagram Subsequent Methods

Cross [11] Black-box Function analysis FFBD Set requirements, QFD, generate concepts

Enumeration Clarifying objectives /
function tree

List & function tree

Cunniff et al. [12] Black-box Func. decomposition FFBD Find existing & generate concepts

Dieter [13] Black-box Func. decomposition FFBD Generate concepts

Dym & Little [10] Black-box Black & transparent boxes Ordered OBS &
FFBD

Define performance specs, determine met-
rics, generate concepts

Enumeration Enumeration of functions List

Top-down Function-means tree Function-means tree

French [14] Enumeration Func. analysis List Morphological matrix

Hyman [15] Black-box Func. analysis None described QFD, plan the project, gather information,
generate concepts

Magrab [16] Enumeration Func. decomposition /
analysis

Table & Function tree QFD, product design specification, generate
concepts

Otto & Wood [1] Black-box Creating a function struc-
ture

FFBD Product teardown (optional), benchmark, es-
tablish engineering specs, generate concepts

Bottom-up Subtract & Operate method Function tree

Enumeration The FAST method FAST diagram

Top-down Function trees Function tree

Pahl & Beitz [6] Black-box Func. interrelationship FFBD Search for principles & their combinations

Priest & Sánchez [17] Enumeration Func. allocation Flowchart Task analysis & failure modes analysis

Schmekel [18] Top-down Functional modeling Network graph Generate concepts

Bottom-up

Stoll [19] Black-box Func. decomposition /
analysis

Blackbox & flowchart Generate concepts

Ullman [20] Black-box Func. decomposition /
modeling

Blackbox & flowchart Generate concepts *

Ulrich & Eppinger [21] Black-box Func. decomposition FFBD Search externally & internally, generate
functions *

reasonably treated as random. Of participants who reported, 71
out of 78 are junior level (91%). The remaining respondents are
sophomores (9%).
3.2 Procedure

In the in-class instruction, we covered the nature of func-
tions, the difference between a function and behaviors, customer
requirements, user actions, and other types of information. An-
other aspect was different diagram types that can be used. Fi-
nally, we gave several examples of functional decomposition in

a design context, as well as information about how this can be
used to inform a morphological matrix.

Next, we gave in-lab instructions to the different treatment
groups for about 20 minutes. In this instruction, we reiterated the
points discussed in lecture, and did a short practice with students
on distinguishing functions from other types of information, such
as user actions. We recommended a strategy for identifying
functions for their project, and a diagram type for each strategy.
We also recommended flow-charts for energy-flow groups, tree-
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TABLE 2. The methods which were given to different labs, in order.
The labs where there were missing data are also indicated

Lab Treatment n = 40

1 Enumeration 5 groups

2 Top-down 6 groups

3 Energy-flow 6 groups

4 Enumeration 5 groups

5 Top-down 6 groups

6 Energy-flow (data not complete) 6 groups

7 Enumeration (data not complete) 6 groups

diagrams for top-down groups, and lists for enumeration groups.
We provided a list of function verbs from the pruned functional
basis [30], but did not enforce using these words.

Teams worked on their functional decomposition diagram
during lab time with help from the instructors, but with no help
from the researchers. Immediately after this lab session, we dis-
tributed voluntary surveys that would be turned in to lab coordi-
nators the next session. Since surveys were voluntary, we could
not group responses by team, so these are considered separately.
Finally, we collected copies of the homework assignment where
student teams submitted their function tree. A few weeks later,
we collected the concept chosen by each team from their lab re-
ports. These excerpts were provided by the lab instructors.

3.3 Metrics
Before analyzing the data, we hypothesized that certain

methods would affect concept generation more directly. To mea-
sure this, we devised metrics that would assess the “connectivity”
between the functional decomposition and the final concept cho-
sen, where greater connectivity indicates less wandering through
the concept generation process. We could not assess other con-
cepts since these are not included in the report excerpts provided
by the instructors. The metrics include the following:

• Number of functions [8, 36]
• Number of features demonstrated in the final concept sketch

and description
• Number of unmapped functions - the number of functions

that do not translate into features in the final concept.
• Number of unmapped features - the number of features that

are not derived from functions in the function diagram
• High-level unmapped functions - the number of functions

on the 2nd level or equivalent in the function diagram that
do not translate to the final concept

A number of composite metrics were also calculated. The
purpose of these metrics is to normalize the response, in case

outliers skewed the results.

• Unmapped function ratio - the ratio of unmapped functions
divided by the total number of functions

• Unmapped high-level function ratio - the ratio of 2nd level
functions that are not mapped divided by the total number of
2nd level functions.

• Unmapped feature ratio (Feat. Ratio) - the number of un-
mapped features divided by the total number of features.

3.4 Hypotheses
To test our data, we structured our expectations into hy-

potheses that could be tested with statistics. We expected the top-
down method to perform the best, and the energy-flow method to
perform the worst due to the need to think at a level of detail that
is not decided yet. We generalized these expectations as follows:

• H0 - There is no difference between any of the methods as
measured by the ratio of unmapped functions to total func-
tions, the ratio of unmapped high-level functions to high-
level functions, and the ratio of unmapped features to total
features, as well as other metrics, including the number of
functions (all metrics defined below).

• H1a - The energy-flow approach is different from top-down
• H1b - The energy-flow approach is different from enumera-

tion
• H1c - The top-down approach is different from enumeration

3.5 Pre-Analysis
Labs 6 and 7 did not submit the data for the final concept,

so we can only compare their function trees with other sections.
Consequently, the energy-flow group may have too few partici-
pants to make firm conclusions about that method. Furthermore,
to ensure that students used the methods we provided, we asked
them if they made any modifications to the method. Most teams
reported not deviating from the given method. One team reported
using the top-down method instead of energy-flow. Another team
reported creating function diagrams as individuals and then com-
bining their efforts into a team diagram. One team noted “after
we created our list, we needed not a giant list. We needed a lot of
interation [sic].” For the one team that reported using top-down
instead of energy-flow, we grouped their data with the top-down
pool. The statistical conditions for ANOVA were met, except
the number of high-level unmapped functions which had a skew
right distribution, which would potentially lead to a false positive
for this variable [37].

3.5.1 Analysis of Data for Question 1 We con-
ducted an ANOVA statistical analysis (alpha = 0.05, n = 25)
to determine which methods performed better than others. The
number of functions (p = 0.037), the number of features (p =
0.027), the number of unmapped features (p = 0.003), and the
ratio of unmapped features to total features (p = 0.001) were all
significant. All other metrics were not significant.
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TABLE 3. Grouping Information Using Tukey Method and 95.0%
Confidence for Significant Variables (Means that do not share a letter
are significantly different

N Mean N Mean Grouping

Enumeration 11 15.1 Energy-Flow 4 8.8

Energy-Flow 13 16.3 Top-Down 12 7.4

Top-Down 16 19.7 Enumeration 9 5.0

N Mean Grouping N Mean Grouping

Energy-Flow 4 1.3 Energy-Flow 4 0.1

Enumeration 9 0.2 Enumeration 9 0.0

Top-Down 12 0.0 Top-Down 12 0.0

No. of Features (p = 0.027)

Unmapped Features (p = 0.003)

No. of Functions (p = 0.037)

Grouping

Unmapped Feature Rate (p = 0.001)

We then used a Tukey comparison to see how much each
method was different (see Table 3). We found that groups who
used top-down generated more functions than enumeration, but
energy-flow was not distinguishable from these two. Groups who
used the energy-flow method were more likely depict to more
features in their final concept than enumeration, but top-down
was indistinguishable from these. This pattern persists in the
normalized feature rate metric. However, it is questionable if the
addition of new features is meaningful, since on average, each
energy-flow group only added 1.3 new features to their design.

Together, this shows that the enumeration method is less ef-
fective at generating functions, and leads to less detail in con-
cept generation. The energy-flow method may lead to more de-
tailed concepts, and the top-down method may lead to more de-
tailed function trees. However, the distinction between top-down
and energy-flow is tenuous. Overall, functions generated during
functional decomposition generally persist into the final concept,
at least for novices. This corresponds with prior findings that for
novices, the mental model of the system does not mature until
after the modeling stage [38]. The functions expressed by the
groups may also represent the boundaries of the design space
they searched during concept generation. Our survey data sup-
ports the idea of a bounded design space. When we asked stu-
dents what they thought functional decomposition might be most
useful for, they reported “to figure out what we need to do” or
“idea generation”. Our other survey was very similar to what we
have previously reported [8], so we will not report the remainder
of the surveys.

While teams generated function diagrams, we observed that
there was a great deal of discussion among team members.
Paired with the evidence that the system functions do not change
significantly between defining the functions and selecting the fi-
nal concept, this probably means that the teams were using the
diagram to coordinate ideas and ensure that all members were in

agreement on the direction of the design. Our in-class observa-
tions since this study have also suggested this.

3.6 Design of Experiment for Question 2
• 2 - Does the use of functional decomposition in early design

correlate with the final design quality?

To answer the second question, we obtained design project
reports from industry engineers enrolled in an on-line graduate
level design course taught at Purdue. We used the report to see
if 1) functional decomposition was used and 2) if using func-
tional decomposition affected any of the grade components for
the project. The report was a class assignment to design an ex-
treme low-cost clothes washing device for developing countries.
Each project was completed individually. They were instructed
to use any methods they wished. A short list of methods were
provided to give examples, but the listed methods were not re-
quired. This list included functional decomposition. We assume
that the use of functional decomposition is the result of prior ed-
ucation or using examples found in lecture slides.

The reports were graded in six areas: the development of
customer requirements (15 points); demonstration of ability to
inspire and develop potential concepts (15 points); the use of
visual thinking (10 points); feasibility of the final design (40
points); effectiveness in communicating ideas, concepts, and
strategies (10 points); and presentation and organization (10
points). These grades were summed into a final, overall grade
(100 points). Each report was graded by at least two instructors,
and these separate scores were normalized, then averaged. In
the rubric given to graders, functional decomposition was given
as an example method for the second point: the inspiration and
development of potential concepts. We also consider the other
points of the rubric, especially the feasibility of the final design,
because the of the potential effect that functional decomposition
may have on these points.

3.6.1 Population The subjects who created the reports
were all off-campus, remote students enrolled in ME 553 for pro-
fessional development. The engineers come from a variety of dif-
ferent industries, including industrial machinery, consumer prod-
ucts, telecommunications, aviation and military, medical, and au-
tomotive. More details are not provided to ensure the anonymity
of the subjects and their respective companies. All subjects held
bachelors degrees, and some held masters degrees.

3.7 Procedure and Metrics
We examined each report for any indication of functional

decomposition being used. A diagram or table was considered
to be a function diagram if the engineer labeled it with any form
of the word “function” and/or the majority of the diagram con-
tained functions. We used a binary metric to indicate if a report
used functional decomposition or not. We then categorized the
diagrams based on their structure (described below). Other data
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we collected included the number of functions represented, the
overall grade for the report, and the grade for each part of the
rubric. We also rated the quality of each diagram based on the
clarity, detail, and adherence to syntax and diagram structuring
rules found in design texts. The quality of each diagram was an-
alyzed as “low”, “medium”, or “high” based on first impression,
with an inter-rater reliability of 75%.

We also measured the rate of syntax errors. A syntax error
is when a phrase in a function diagram does not begin with a
verb. ”Motor” or ”Does not turn off” are example of syntax errors
when included in a function diagram. A detailed description of
syntax errors can be found in our prior work [8].

To distinguish between diagrams, we categorized them 15
groups based on their structure, content, and graphical direction-
ality. Originally, we had a smaller number of diagram types, but
we expanded our list when we found diagrams that did not fit our
classification scheme. We then grouped these diagram types into
five meta-groups, based on shared structural characteristics.

• Hierarchy diagrams - These diagrams have a single top-level
function, which is branched to lower-level functions, which
may also have lower levels. There is no directionality indi-
cated between the nodes (i.e. it is not a flow chart).

◦ Tree - A traditional hierarchy diagram
◦ Outline - A list with markers and indentations.
◦ Mind-map - A circular hierarchy chart.
◦ Ordered Overall/Basic/Secondary diagram (Ordered

OBS) - three separate hierarchy diagrams, with an ex-
plicit rank order between them

• Network-type diagrams - These diagrams have no single
top-level function, and any node may connect with any other
node. Directionality is not indicated (i.e. not a flow-chart)

◦ Network - Nodes are interconnected with no clear
parent function. Other types of information are not
present.

◦ Hybrid Table - functions are explicitly paired with
other types of information. Each type of information is
ordered in a row or column and connections are drawn
between each relevant connection.

◦ Hybrid Network - functions are explicitly paired with
different data types, but have no explicit organizational
structure

• Flow diagrams - These diagrams may have any form but
have a clear direction or flow between nodes.

◦ Black box - flowchart that explicitly shows energy, ma-
terial, and/or information flows

◦ Flowchart - shows time flow through blocks
◦ Flowchart, Branched - shows time flow, but also has

branches that do not merge later

• Tables - Lists of functions, but tabulated with other types of
information, such as parts, design requirements, etc.

◦ Table - functions listed in a table, often paired with
other types of information

◦ BOM table - a chart labeled as a function diagram that
consists of a bill of materials with a column specifying
the relevant function

◦ Unordered Overall/Basic/Secondary (Unordered OBS)
- functions listed in a table but are also ranked by im-
portance with ”overall”, ”basic”, and ”secondary”.

◦ BOM/OBS table - an unordered OBS table that also
has parts paired with functions

• No-organization diagrams

◦ List - no relationships between functions are shown.
◦ Free-form - no attempt at grouping the functions onto

a single diagram is made, but each instance is clearly
labeled as a function.

3.7.1 Results for Question 2 Out of the design re-
ports (n = 78), 51% of the industry engineers used some form of
functional decomposition in their design. There is no correlation
between grade and using functional decomposition (0.075, p =
0.515). The same holds true for each of the rubric subcategories.
While not a primary purpose for this paper, we also checked if re-
ports included morphological matrices. The purpose for this test
is to see if another method can have predictive value for the final
grade. We found that using this method weakly correlates with
the final grade (0.233, p = 0.040) and the grade for demonstration
of ideation (0.293, p = 0.009).

We also observed a weak correlation between the number
of syntax errors and the grade for identifying user needs (0.222,
p = 0.050). The syntax errors is an approximate measure for
whether a phrase in the diagram is a function or not [9]. We ob-
served many diagrams included non-functions such as customer
requirements. Therefore, it make sense that we would see a cor-
relation between the identification of needs and the recording of
these needs in function diagrams. We also observe a weak nega-
tive correlation (-0.247, p = 0.029) between the number of syntax
errors and the use of a morphological matrix. This indicates that
the more non-functions used, the less likely that an engineer was
to use a morphological matrix

The frequency of different types of diagrams is shown in
Figure 1. Energy-flow or time-flow based diagrams are by far
the least common method. The engineers who used these dia-
grams usually also drew a p-diagram. The greatest plurality of
diagrams 34.6% were hierarchy type diagrams, such as function
trees, mind maps, or ordered OBS. A traditional function tree
was the most common of these, accounting for 29.27% of the to-
tal diagrams. This may indicate that hierarchy diagrams are the
most intuitive and energy-flow the least intuitive. Alternately,
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FIGURE 1. Percentages of various diagrams types found in the re-
ports

TABLE 4. Significance of main effects on several response variables
from the independent and covariate factors

# Reports w/ Function Diagrams 51.3%

# Reports w/o Function Diagrams 48.7%

# Low Quality 51.2%

# Med-Low 12.2%

# Medium 12.2%

# Med-High 14.6%

# High Quality 9.76%

Avg. # of Functions 14.4

Std. Dv. # of Functions 9.00

Avg. # Syntax Errors 5.88

Std. Dv. # Syntax Errors 6.00

this could indicate ease-of-use, or educational background (i.e.
some methods are taught more often to undergraduates than oth-
ers). In addition to the diagram types, a majority of functional
decompositions (51%) were very low quality. The average num-
ber of functions was 14.4, with a standard deviation of 9. The
average number of syntax errors was 5.88, with a standard devi-
ation of 6. Other results can be seen in Table 4.

4 DISCUSSION OF RESULTS
• 1 - Which functional decomposition method is most effec-

tive for supporting concept generation?

From the results from the first study, it seems that in general,
energy-flow and top-down approaches are identical in support-
ing concept generation. Energy-flow groups did have features in
their final concept that weren’t derived from the function tree,
but on average this was 1.3 per group, which does not seem prac-
tically significant. On the other hand, the enumeration approach
yields the fewest functions and the least detailed concepts. On
the basis of these results, we would recommend not using an
enumeration approach for early design. The systematic methods
seem to be more effective at supporting concept generation.

In addition to this, we see that in general, the functions de-
scribed in the diagrams persisted to the final concept. Because
we did not examine earlier or later stages, we cannot be cer-
tain what this means. One interpretation could be that the func-
tional decomposition task may define the design space [5], and
the concept generation task only explores in this design space
afterward. This would fit the description found in most design
texts (Table 1) and affirm the idea that functions are independent
of form [3]. We considered two alternate possibilities to this.

One alternative is that the scope and general functionality of
the design is decided even before the functional decomposition
task, and the lack of change is a form of fixation. There have been
studies to see if product dissection can reduce fixation in a later
design task [39], but none have been done to see if functional
decomposition for a new design reduces fixation or not.

The persistence of functions may also indicate that the men-
tal model of system functionality does not develop much between
functional decomposition and concept generation. This result
begs a different question: which design phase has the largest im-
pact on the mental model of system functionality? This question
also came up as a part of the second set of results, so this is dis-
cussed more below.

• 2 - Does the use of functional decomposition in early design
correlate with the final design quality, as measured by grade?

The data shows that roughly half (51%) of our sample engi-
neers used functional decomposition for this project. However,
there was no correlation between any grade component and us-
ing functional decomposition, suggesting that it did not affect
design outcome. A prior study also found no difference between
the energy-flow method and no method at all [35], though the
authors did not comment on this point in their conclusions. A
weak correlation exists between the grade and those who used
morphological matrices, reinforcing our result.

One possible explanation is that the engineers did not use the
method correctly [32]. We saw that the function trees were rather
poor quality (51% of function diagrams). This seems to also be
reflected in the correlation between syntax errors and the grade
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for identifying needs. Syntax errors indicate when an engineer
uses a type of information that is not a function [9]. Together,
these may indicate that many engineers are using decomposition
for information other than functions.

A related explanation is that functional decomposition may
serve to define customer needs more than to define a potential
problem space. Our survey data from the first part of this paper
supports this idea. The Dym and Little book pairs functional
decomposition with requirements trees [10]. It is possible that
this method has been misclassified as a concept generation tool,
and instead is a problem definition tool.

Another explanation is that other methods have a greater im-
pact on developing the final functions in the system. Other stud-
ies have found that prototyping has a large effect on the men-
tal models of system function [40]. A review of design studies
also found that novice engineers often do not develop an under-
standing of system behavior until the modeling phase [38]. The
first set of data also could imply this. If this perspective is true,
it would imply that functional decomposition primarily serves a
team communication or idea organization purpose.

5 CONCLUSIONS AND FUTURE WORK
In conclusion, functional decomposition probably con-

tributes more to team communication than design outcome.
When individual, professional designers used it, it showed no
direct correlation with design outcome. However, we observed
that when student teams used it, they used it to discuss ideas and
ensure that they had reached a consensus on the direction of the
design. We also found that among student teams, those who used
top-down or energy-flow approaches had more detailed function
diagrams, indicating that systematic methods have a greater im-
pact on the designer’s mental model of system functions. Based
on these results, we recommend that if a design team chooses to
use functional decomposition prior to concept generation, they
use top-down or energy-flow methods instead of enumeration.
We also hypothesize that the importance of functional decompo-
sition increases with the complexity of a product or system.

We also saw that the novice designers in the first study had
a much lower syntax error rate than the professional designers.
We were able to train the novice designers, but not the expert
engineers. Our training program emphasized the difference be-
tween functions and other information types, such as features or
user actions. Based on these results, we recommend adding to
existing training programs [41] by increasing the emphasis on
distinctions between information types.

Our second set of data also indicates that function trees are
more popular among engineers. While this could be due to what
they were taught, it may also be that this type of diagram is more
intuitive [36]. From a pedagogical point of view, this may also
mean that function trees are a good starting point for teaching
functional decomposition [1].

There are some limitations to this study. The sample size
for the first portion of the study was smaller than desired. Ad-
ditionally, the data was only focused on two design phases: de-
composition and ideation. Our data did not include other design
phases, and therefore cannot comment on the development of
system functions over the design process. In light of this, we
recommend deeper study into how mental model of function de-
velops over the design process, and investigation into which de-
sign phases cause the most change. This information would be
valuable in determining which phases should be emphasized in
early design. It may also lead to insight on possible methods for
mitigating fixation.
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