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Abstract 
A systematic study of the introduction of a new function representation, function structures, into 
morphological charts is explored in this research. This is a first step in developing systematic guidelines to 
aid student designers in using the combinatorial idea generation tool in an effective and efficient manner. An 
experiment is conducted with senior mechanical engineering students to determine how novelty and variety 
of means generated from morphological charts is influenced by different function representations (function 
lists and function structures). The findings from this experiment suggest that the variety and novelty of 
means generated in a morphological chart is not dependent on the function representation. More 
significantly, this study provides a template on which future experimental studies on idea generation can be 
based, thereby increasing the potential for discovery and development of systematic guidelines to improve 
conceptual design for novice engineers. 
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1 EXPERIMENTAL MOTIVATION 

The objective of this research is to determine the 
relationship between function structures and 
morphological charts in the context of idea generation 
effectiveness with an emphasis on the novelty and variety 
of means generated. Combinatorial design tools, such as 
morphological charts, are prevalent in engineering design 
text books [1-4], yet there is no concrete evidence as to 
how effective these tools are with respect to novelty and 
variety of concepts actively pursued. Moreover, there is 
little guidance provided about how to represent and model 
the functions that are being satisfied by the various means 
that are generated. To begin to fill these noticeable gaps 
in the literature, a user study of senior mechanical 
engineering students using function structures and 
function lists incorporated into morphological charts is 
conducted. 

The design process is often decomposed into four general 
phases: problem clarification, conceptual design, 
embodiment design, and detail design [1-2]. Sometimes 
the embodiment and detail design phases are combined 
into a single product development stage [3]. However, the 
conceptual design stage is recognized to be of special 
interest in which it is estimated that 70% of the life cycle 
cost of a product is determined during the conceptual 
design phase [5]. Further, the NRC identified several 
goals of engineering education including teaching 
students the basic tools of the design process. This aligns 
with more recent reports that call on the National Science 
Foundation (NSF) to concentrate on supporting research 
that explores early stage engineering design [6]. A subset 
of these basic tools used during the early design process 
phases includes idea generation methods [7-8]. 

The conceptual design stage can be decomposed further 
into four steps: decomposition, sub-solution generation, 
concept integration, and concept evaluation. Once the 
design problem is identified and understood or defined, 
function decomposition begins. Functional decomposition 
details the high level and lower level necessary functions 
of the product or artifact being designed. These functions 
are driven by the requirements as defined in the problem 

definition and clarification phase. After the sub-functions 
are identified, means are generated which satisfy each of 
the sub-functions individually. Numerous possible means 
are typically sought in order to more fully explore the 
feasible design space. Next, means are selected and 
combined based upon compatibility; along with some 
additional engineering synthesis, the combined means 
form integrated design concepts. Finally, multiple 
integrated design concepts are evaluated and a principal 
solution set is selected to be further explored through 
embodiment and detail design. 

Idea generation methods are used typically within the 
means generation and combination stages of conceptual 
design. Morphological charts [1,4,9] are intuitive idea 
generation methods [7-8] which may be used by 
individuals or groups. Moreover, morphological charts are 
able to support both the means generation activity and 
the integration of the means to form solution concepts. 
Thus, this tool is recognized as powerful engineering 
design tool as evidenced by the fact that morphological 
charts are found in a plurality of the popular engineering 
design textbooks [1-4]. 

1.1 Morphological Charts 

A morphological chart, also known as concept 
combination tables [10] or function-means tables [4], is a 
tool for systematic combination of solutions to a design 
problem [1]. A common organizational structure of a 
morphological chart is shown in Table 1. 

Function Means 

F1 M1.1 M1.2 M1.3 … M1.4 M1.m

F2 M2.1 M2.2 M2.3 … M2.4 M2.m

F3 M3.1 M3.2 M3.3 … M3.4 M3.m

… … … … … … … 

Fn Mn.1 Mn.2 Mn.3 … Mn.4 Mn.m

Table 1: A Morphological Chart 

The morphological chart is represented as a table of 
decomposed sub-functions of the design problem and 
potential solution fragments for each sub-functions. 
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Common convention lists the set of decomposed sub-
functions of a problem in the first column of the table and 
the solution fragments (means [4], working principles [1], 
and design parameters [9]) to realize each of these sub-
functions cells to the right of each. For this research, the 
solutions to each function will be referred to as means and
the term concept will describe a set of means which 
collectively satisfy all of the sub-functions identified in the 
morphological chart. 

In Table 1, the morphological chart is sized to be n x m
where n represents the number of sub-functions and m
represents the number of means. It is important to note 
that a morphological chart is not constrained to have the 
same number of sub-functions and means. The sub-
functions, represented as Fn, that are used in the creation 
of the morphological chart should all be at the same level 
of detail [4]. For each sub-function, the means, listed by 
Mn.m, generated should typically be at the same level of 
abstraction, though some recent work suggests methods 
to accommodate varying levels of abstraction [11]. By 
combining one means for each function, a concept is 
created. Repeating this process with every possible 
combination contained in the morphological chart creates 
an exhaustive list of concepts. In this manner, 
morphological charts provide a sense of the size of the 
design space [4].  

In an attempt to provide more guidance in how to control 
the design space to improve quality integrated concept 
exploration beyond a feasibility check, researchers have 
studied how the number of means and the number of 
functions influence concept quality [12-13]. The findings 
from this experimental study indicate that a chart with 
more means than functions produced higher quality 
concepts than a chart with more functions than means 
and that adding functions to a morphological chart did not 
improve the results [12]. Thus, rectangular morphological 
chart with more means than functions is preferred to a 
rectangular morphological chart with more function than 
means. This previous research appears to be one of the 
first to systematically investigating the construction and 
use of morphological charts. Therefore, it is the first step 
towards providing designers with specific guidelines for 
more effectively using a morphological chart to produce 
useful concepts. 

In addition to the size of the morphological chart, the 
actual representation of the design problem may be 
influential on how easily the design space can be 
explored. This belief has not yet been tested 
experimentally in the literature and specific designer 
guidelines are not yet available.  

Further, this experimental study demonstrates the 
potential for refining and defining morphological chart 
guidelines. It is on this foundation that this paper explores 
additional approaches to refine morphological analysis 
methods for ideation improvement. 

Advantages and Disadvantages 

As with all design tools, morphological charts have 
several advantages and disadvantages which influence 
the context of use. Advantages of morphological charts 
include their ability to illustrate unexpected pairings of 
features [10], the potential creation of novel concepts not 
otherwise considered by the designer [4], and the 
capability to represent and explore large regions of the 
design space. Three specific limitations to morphological 
charts as design tools are the potential for the number of 
concepts to grow exponentially making exploration difficult 
[4], the reality that not all combinations of means will be 
feasible solutions to the design problem [4], and the 
absence of a set of guidelines to determine a useful way 

to choose the promising concepts for further evaluation. 
The goal of this research is to improve first on the 
representation and exploration of the design space by 
increasing the quality of the means. Secondly, this 
improvement will be implemented through a set of 
specific guidelines for use with morphological charts. In 
this manner, some existing advantages will be enhanced 
and a current limitation will be addressed. 

Computation Automation of Morphological Charts 

Several examples of research into automating the 
exploration of the design space represented by 
morphological charts exist. Bryant, et. al. [14] describe an 
interactive, user interface driven approach which is the 
result of combining two previously developed and 
validated tools: an automated morphological search [15] 
and a computational concept generator [16]. The 
automated morphological search is a web-based tool that 
makes use of the information of the Design Repository 
[17] to populate a morphological chart. The computational 
concept generator takes a user-defined function block 
diagram of a product and converts it into a matrix which 
describes relationships between functions. Based off of 
information contained in the Design Repository, a 
function-component matrix (FCM), and a design-structure 
matrix (DSM), a list of possible solutions is created, 
filtered and presented to the user. The proposed 
interactive morphological search is created by combining 
characteristics of each of these two tools. The hybrid 
technique has the connectivity information generated in 
the computational concept generator and the solution 
accessibility of the web-based morphological chart 
search. The major limitation of this method is the amount 
of design knowledge currently entered into the Design 
Repository. 

Tiwari, et. al. [18] discuss using a genetic algorithm to 
combine means from a morphological chart into solutions. 
This method represents the means combination process 
as a combinatorial multi-objective optimization problem. 
The method allows for multiple criteria to be used in 
judging the combinations. The optimal combination will be 
a balance of high performance in each criterion. 
Advantages to this method include minimal computational 
effort, the utilization of a multitude of information from the 
designer, quick feedback to the designer from a large 
pool of potential solutions, and consistent results despite 
uncertainty in the inputs (i.e. a range of values instead of 
a single value). The limitations to this approach include 
the number of inputs from the designer, a lack of non-
behavioral characteristics (i.e. aesthetics) as inputs, and 
the chance of variation among inputs (inconsistencies 
between multiple designers). 

1.2 Function Structures 

A function is defined as the intended input/output 
relationship of a system which performs a certain task [1] 
or the “desired output from a system” [3]. The existence 
of a product is justified by its’ functions [2]. Therefore, 
when designing a product, it is often recommended to 
model the product using its functions during the 
conceptual stage [1-3]. Although there are several 
methods available to model the functions of a product 
(including function structures [1-2], the Function-
Behavior-Structure model [19], the Function-Behavior-
State [20], the Structure-Behavior-Function [21], and the 
affordance-based view of functionality [22]), this research 
will focus attention on function lists and function 
structures only. 

Function lists and function structures are similar in that 
they are both form-neutral representations of a product 
and describe the functions that must be accomplished but 



not how the detailed solution will be realized. The primary 
differences between a function list and function structure 
are: (1) a function structure is a graphical representation, 
whereas the functional list is a textual representation and 
(2) the function structure explicitly captures topological 
connectivity between the functions whereas a function list 
can only imply order. Based upon these similarities and 
differences, it is recognized that a function list can be 
derived from a function structure but the converse is not 
true, therefore implying that a function structure is an 
advanced representation. 

A function structure consists of function blocks (verbs) 
which are connected by flows (nouns). Previous research 
has shown that function structures are an acceptable way 
of modeling the functions and relationships between 
functions of a product [1]. To create a function structure, 
the first step is to identify the basic inputs and outputs of 
the system, based on the customer needs or problem 
statement. These inputs and outputs can be arranged into 
a black box model [23]. A black box model is used to 
define the relationship between the inputs and outputs of 
the system [2]. An example of a black box model is shown 
in Figure 1. Within this model (and all function structures) 
the inputs and outputs can be categorized as material, 
energy, or signal flows. Examples of each type of flows 
include: gases, liquids, solids (material); mechanical, 
electrical, thermal (energy); and magnitude, control, data 
(signal). 

As shown in the example, the main function of the 
vacuum cleaner is “transport dirt off the floor”. This model 
has four total inputs (electricity, hand, debris, air) and five 
total outputs (noise, heat, hand, debris, and air). To go 
from a black box model to a function structure, the inputs 
and outputs remain the same but the function is 
decomposed into verb-noun pairs (functions and flows). In 
Figure 2, the vacuum cleaner’s black box model has been 
expanded into a function structure. The single, original 
function “transport dirt off the floor” has been decomposed 
into fifteen sub-functions. 

1.3 Summary 

The motivation for this research began with an overall 
look at the design process and selects the conceptual 
design stage as a focus. Further investigation into 
concept integration, specifically using morphological 
charts, and function representations followed. The 
literature reviewed in this motivation can be summarized 
as follows:  

 Four steps in the design process – problem 
clarification, conceptual design, embodiment design, 
and detail design 

 Conceptual design has been identified as a can 
further be decomposed into decomposition, sub-
solution generation, concept integration, and concept 
evaluation 

 Morphological charts are a intuitive design tool used 
in concept integration 

 Common convention uses a function list (textual 
representation) to express the intended functions of a 
product in a morphological chart 

 Function structures are graphical representations of 
a product which are not currently used in 
morphological charts 

2 EXPERIMENT 

If a design engineer is to use a morphological chart to 
generate means and integrate concepts, it would be 
useful to know how the representation of the design 
problem impacts the exploration of the design space and 
the quality of the concepts developed. To determine this, 
an experiment is conducted in which two different 
morphological charts are used: one using a function list to 
represent the problem and one using a function structure. 
The two morphological charts provide the participants the 
opportunity to produce the same number of means. After 
the participants generated means for the different charts, 
the participants used the charts to form concepts with an 
emphasis on identifying high quality concepts. These 
means and concepts were then evaluated to determine 
which configuration of morphological charts yielded the 
higher quality means and concepts. Each of the aspects 
of the experimental design as summarized is discussed. 

Figure 1: Black Box Model of Vacuum Cleaner [2] 

Figure 2: Function Structure of a Vacuum Cleaner [2] 



 Group #1 Group #2 

Participants’ Class 
Senior level mechanical 

engineering design course 

Problem Statement Automated burrito folder 

Number of 
Participants 

25 25 

Function 
Representation  

Function list 
Function 
structure

Data Collection 
(Means) 

Morphological chart with six 
means per function 

Data Collection 
(Concepts) 

Table with 
three empty 

columns 

Three blank 
function

structures

Table 2: Experiment Summary 

2.1 Participants 

The participants of this experiment were drawn from a 
homogeneous population based on educational 
background; they were all students enrolled in a required 
senior level mechanical engineering capstone design 
class at Clemson University. The course is in the last 
semester of their undergraduate program. Thus, they are 
within months of being practicing, albeit novice, 
professional engineers. The participants had been 
exposed to morphological charts during a common 
normalizing lecture. Further, only a few of the participants 
had limited previous experience from previous courses. 
Within this course, not all of the participants had used 
morphological charts in their semester long design 
projects. The participants’ previous experience with 
morphological charts varied from never having seen 
morphological charts (three of fifty participants) to having 
used a morphological chart at least once to generate 
concepts (forty of fifty participants). 

All of the participants were in a single section of the class, 
so the experiment was able to be conducted in a common 
setting and time period. To mitigate discomfort to the 
participants in order to achieve unbiased results, the 
experiment was conducted in the normally scheduled 
classroom during the normal class time. Once all 
participants entered the room, they were arranged so that 
there were an equal number of students on each side of 
the aisle (25 students per side). 

2.2 Problem Statements 

The problem chosen for this study is the design of an 
automatic burrito folding machine. This problem statement 
was adapted from a previous project in a sophomore 
mechanical engineering course. Earlier research on 
morphological charts [13] had adapted the original class 
project problem statement (which encompassed several 
weeks of a semester) into a problem statement more 
suited for the time frame of this study (a single class 
period). Using this previous work as a guideline, an 
overall problem statement for the experiment was created. 

This overall problem statement is composed of the 
general problem statement, the five functions that the 
burrito must satisfy, the instructions for means 
generation, and the instructions for means combination. 
The following sections outline each part of the overall 
problems statement. 

General Problem Statement 

This particular design problem is chosen because the 
scope is similar to what the participants would have 
experienced in other classes. As it was previously used 
as a sophomore design project, the difficulty and 
complexity of the problem was not considered too 
challenging for the time given and for the participants’ 
level of expertise. None of the students in the senior class 
had taken the sophomore class when this problem was 
used. Moreover, the problem was generally novel enough 
such that the participants would have had little 
preconceived thoughts about in advance of the study is 
presented. Therefore, it is important to note that the time 
elapsed between the assignment of the original problems 
statement and the conduction of this experiment is such 
that there is no overlap in participants. By choosing a 
problem which all participants have an equal 
understanding in the beginning, an additional variable of 
previous knowledge of the problem is not introduced. The 
general problem statement shown in Figure 4 establishes 
the need for the novel concept and lists some of the 
materials involved in the problem. 

In general, the food service industry has a great need for 
speed, efficiency, and cleanliness as preparing large 
amounts of food quickly is their main goal. As a result, a 
local restaurant has identified the need for a machine to 
fold their burritos. Each burrito is made up of a ten inch 
tortilla shell and 2 ounces of filling. 

The restaurant has identified the five main functions that 
the burrito folding machine must accomplish. 

Figure 4: General Problem Statement Provided to 
Experiment Participants 

Functions of the Burrito Folder 

After this general problem statement, the five functions 
that the burrito folder must perform are presented in one 
of two ways, as a function list or as a functions structure. 
Each participant is given one of the two representations 
of the functions. 

The function list is as follows: 

 Store Filling 

 Position Tortilla 

 Fill Tortilla 

 Fold Burrito 

 Dispense Burrito 

In the function list, each function of the burrito folder is 
represented as a verb-noun pair. While all of the verbs 
are unique, some of the nouns are repeated between 
functions. 

Figure 3: Function Description of the Problem Statement Given to Groups #2 of Participants (Function Structure) 



These functions have been arranged into a function 
structure as in Figure 4. In the function structure, the 
function blocks contain the same verb-noun pairs seen in 
the function list. The key differences between the function 
list and the function structure are the graphical 
representation of the functions and the flows between the 
functions. 

Instructions for Means Generation 

After the participants are given the functions that the 
burrito folder must perform, they are instructed to populate 
the morphological chart as shown in Figure 5. The 
participants are explicitly reminded that price, number of 
components, and ease of use will be used as criteria 
against which to judge the quality of the generated means 
and concepts. 

You will generate ideas for performing each function 
through the use of a morphological chart. Each function 
will have its own row in the chart with space to provide up 
to six means to perform the task. The means will be 
evaluated in terms of  

 price 

 number of components 

 and ease of use.  

Please keep these criteria in mind when designing your 
product. 

Figure 5: Instructions for Generating Means in 
Morphological Chart Provided to Experiment Participants 

Instructions for Means Combination 

After means generation, the individual means from the 
morphological chart are integrated into concepts. The 
participants are asked to generate three concepts from 
the means listed in their own populated morphological 
charts. As seen in Figure 6, the participants are instructed 
to develop three concepts from their means. Again, the 
participants are reminded that price, number of 
components, and ease of use are the criteria in the 
problem. Based on the results from the previous work with 
a similar scope and problem statement [13,14], this is 
considered to be an appropriate number of concepts for 
the students to generate. 

Using the Morphological Chart that you created please 
develop three concepts for performing the task of folding a 
burrito. As shown in the example you do not need to 
rewrite each of your means. Please refer to the means 
using the FX.Y notation where X is the function number 
and Y is the mean number. The concepts will be 
evaluated in terms of  

 price 

 number of components 

 and ease of use.  

Please keep these criteria in mind when composing your 
concepts.

Figure 6: Instructions for Generating Concepts Provided 
to Experiment Participants 

2.3 Data Collection 

In addition to the problem statement previously outlined, 
documents to capture the data created by the participants 
were created. First, two blank morphological charts were 
formed for the participants to record the means to perform 
each function. Participants were given the morphological 
chart which coincided with their problem statement. In the 
first morphological chart, the functions list is provided in 
the first column with the remaining columns available for 
participants to record their means. For the second 
morphological chart, a function is listed in each cell of the 

left hand column along with a miniature figure which 
shows the participants where that function occurs in the 
function structure. 

In addition to the instructions for combining means into 
concepts, each group of participants was given space to 
record their concepts. For the function list participants, a 
table with the function list in the first column, an example 
concept in the second column, and three additional 
columns for the participant’s concepts was created. 

For the participants with the function structures to record 
concepts, a series of four function structures was created. 
The first function structure served as an example concept 
while the three remaining function structures were blank 
for the participant to record their own concept. 

2.4 Procedure 

To begin the experiment, a brief introduction of 
morphological charts by the author and the use of the 
data from the experiment were explained to the 
participants. Next, two handouts were distributed: one 
handout detailing the problem statement and one handout 
with an empty, unfilled morphological chart. As previously 
stated, the participants were physically split in the 
classroom by an aisle so that 25 participants received 
problem statements with the function list and 25 
participants received problem statements with the 
function structure. Although the participants were 
grouped, the problem statements were randomly 
assigned as there was no control over which side of the 
classroom the participants were assigned at the 
beginning of the class. The first handout was read aloud 
to the participants and time was given to allow the 
participants to ask clarification questions about the two 
problem statements. 

Next, the participants were given twelve minutes to 
generate means in their respective morphological charts. 
As the participants were completing the morphological 
charts, the author walked around the room to keep the 
participants on task, confirm that twelve minutes was an 
appropriate amount of time for idea generation, and make 
observations about how the participants were generating 
means (by row, by column, or randomly).  

Once the twelve minutes were finished, a third handout 
containing the appropriate figures (function structures) or 
table (function lists) was distributed. The function 
structures and function lists were not mixed. For example, 
participants with function structures on their first handout 
received function structures on their second handout. The 
third handout defined a space for the participants to 
generate concepts to solve the design problem based on 
the means previously generated. The author read the 
instructions aloud and allowed the participants to ask 
questions. The participants were permitted five minutes to 
complete the concept integration. Once the participants 
were finished, all papers were collected. 

3 PROTOCOL FOR ANALYSIS 

The analysis of the data collected will focus on two 
metrics of effectiveness (variety and novelty [24]). In 
order to prove that function representation does not affect 
the means generated, all means generated by the 
participants will be evaluated for variety and novelty, then 
the results from each group of participants will be 
compared. The protocol for analysis is outlined in the 
following sections. 

3.1 Variety 

The means for each function will be organized in to 
classifications. In order to do this, the author begins by 



compiling all of the means entered into the morphological 
chart by function. For each function, the means are 
divided into classifications which represent similar means 
(i.e. for the function “store filling”, a classification of 
individual portions would encompass individual bags,
individual tubes, individual containers and pre-packaged 
portions). Variety is determined by counting the number of 
classifications represented for each function. Measures of 
variety will be observed both by participant and by 
function. Classifications which appear most frequently in 
the morphological charts will be identified. A comparison 
between the most popular classifications of means for 
each function will be considered for the two groups of 
participants. 

3.2 Novelty 

Novelty of the means generated will be based on the 
classifications of functions previously mentioned. A means 
will be considered novel if it does not correspond to any of 
the classifications and only appears in one participant’s 
morphological chart. Measures of novelty will be observed 
by participant, by row of the morphological chart 
(function), and by column of the morphological chart. 
Functions which encourage novel means will be identified. 
In addition, a notion for whether novelty occurs more in 
early means generation (first three columns) or late 
means generation (last three columns) will be formed. 

3.3 Summary 

Once the user study is complete, the data collected is 
organized and recorded for analysis. The analysis 
presented in this paper explores the ideation metrics of 
variety and novelty [8]. Quality and quantity from this 
experiment are found in [25]. Variety will show trends in 
the classifications of means entered in the morphological 
charts. Novelty will be used to determine which functions 
encourage innovative thinking and where (which column) 
this innovative thinking is most likely to occur. The 
research hypothesis is that the function representations 
will not impact the variety or novelty of means generated 
within the morphological charts. This is due to the fact that 
the individual means are generated for specific functions 
and the interconnectedness or topological information 
which distinguishes function lists and function structures 
should have no influence.  

4 ANALYSIS AND RESULTS 

The analysis of the results of the experiment will follow the 
protocol outlined in Section 2. Each of the two metrics 
(variety and novelty) will help to determine if introducing 
function structures into morphological charts had any 
secondary effects on the means and concept generation 
process. 

4.1 Variety 

As previously mentioned in Section 0, the means of the 
morphological charts were divided into classifications for 
each function to ensure the reliability of the morphological 
chart scoring. With these classifications created, it is 
possible to gain insight to how the means which were 
entered into the morphological charts varied between the 
two groups of participants. To begin this classification 
process, means with the same wording which appeared in 
more than one morphological chart were distinguished as 
the original classifications. In general, this step of the 
classification process was capable of organizing about a 
quarter of the entries in the morphological charts. Next, 
means which were synonyms to the classifications were 
identified. For example, for the function dispense burrito,
means such as “ramp” and “chute” were identified as part 
of the classification “slide”. After this step of the 

classification process, approximately three quarters of the 
means generated had been classified. The final step in 
the process involved connecting means which were 
semantically equivalent to the classifications. For 
example, for the function position tortilla, a means such 
as “semi circle lip” is considered semantically the same 
as the classification of “mold”. While the first two steps of 
the classification process are mostly objective, the final 
step of the classification process is somewhat subjective 
as the author must make determinations of the intentions 
of the participants as they recorded the means. 

Once all of the means are classified, the variety of 
classifications represented by each participant is 
determined. By counting the number of classifications 
used by each participant, the impact that the function 
representation had on the variety of classifications used 
can be quantified. A summary of the number of 
classifications used by each group of participants for each 
function is shown in Table 3. 

Function List Function Structure

Function Average 
Std.
Dev.

Average 
Std.
Dev.

Store
Filling 

3.20 1.35 2.56 1.00 

Position 
Tortilla 

2.88 1.20 2.52 0.96 

Fill 
Tortilla 

3.08 1.12 2.84 1.18 

Fold 
Burrito

2.40 1.04 2.44 0.87 

Dispense
Burrito

3.12 1.33 2.92 1.32 

Table 3: Number of Classifications of Means Appearing 
per Participant 

From these results, there is little evidence of a significant 
change in the average number of classifications which 
participants used comparing the two function 
representations. For the first function, store filling, there 
seems to be a noticeable difference between the function 
list and function structure participants. Further review of 
the classifications (and their frequencies) is necessary. 

The number of means generated for each function by the 
two groups of participants is shown in Table 4. Also, the 
percentage difference between the number of means 
generated by the two groups of participants is calculated 
and shown. Three of the functions (store filling, fill tortilla, 
and fold burrito) do not show a significant difference in the 
number of means generated. The two functions which 
show a significant difference in the number of means 
generated are position tortilla and dispense burrito.



Function 
List 

Function 
Structure

Difference

Store
Filling 

88 92 5% 

Position
Tortilla 

96 83 14% 

Fill
Tortilla 

90 91 1% 

Fold 
Burrito

75 71 5% 

Dispense 
Burrito

94 79 16% 

Table 4: Number of Means Generated for Each Function 

In Figure 7, the classifications (and their frequencies) for 
the function store filling are shown. For both groups of 
participants, the frequent classifications include “individual 
portions”, “bucket/basket”, “bottle/tube”, “bag/bladder”, 
and “tank”. The function structure group of participants 
identified “bag/bladder” significantly more than any other 
means by either group for any function. This is the root 
cause for the difference between the two groups of 
participants in average classifications appearing per 
participant for this function (as seen Table 3). A deeper 
investigation into why this was the case might provide 
insights as to whether the representation has an influence 
on types of means generated, but is currently out of scope 
for this paper. 

Figure 7: Frequency of Classifications – Store Filling 

In Figure 8, the classifications (and their frequencies) for 
the function position tortilla are shown. For both groups of 
participants, the most common classifications are 
“conveyor”, “mold/fixture”, and “arm/linkage”. The 
difference in number of means (13 more means 
generated by the function list participants) is largely 
accounted for in the classifications “slide/ramp”, 
“laser/suction”, and “laser/optics”. These classifications 
were moderately frequent for the function list participants 
but nearly non-existent for the function structure 
participants. 

Figure 8: Frequency of Classifications - Position Tortilla 

In Figure 9, the classifications (and their frequencies) for 
the function fill tortilla are shown. For both groups of 
participants, “manual”, “scoop”, and “squeeze/caulk gun” 
are the most frequent classifications. 
“Vacuum/pneumatics” is much more frequent for the 
function list participants than the function structure 
participants. 

Figure 9: Frequency of Classifications - Fill Tortilla 

In Figure 10, the classifications (and their frequencies) for 
the function fold burrito are shown. The two groups of 
participants generated a similar number of means and 
shared the most frequent classifications: “flaps/fold” and 
“linkage/lever”. 

Figure 10: Frequency of Classifications - Fold Burrito 
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In Figure 11, the classifications (and their frequencies) for 
the function dispense burrito are shown. Although the 
function list group of participants generated significantly 
more means than the function structure group of 
participants for this function, the two groups of participants 
share the most frequent classifications: “conveyor”, 
“slide/ramp”, “manual (by hand)”, “actuator”, and 
“mechanical arm”. 

Figure 11: Frequency of Classifications - Dispense Burrito 

Using the classifications created as described in this 
section, means which are novel ways of satisfying each 
function can be identified. The following section will detail 
the process of identifying these means and which, if any, 
functions were more likely to produce novel means. 

4.2 Novelty 

For this research, a novel means is any means which 
does not fit into a classification and does not appear in 
more than one participant’s morphological chart. While the 
extent to which these means would satisfy the function is 
uncertain, any means which fit this description is 
considered novel. In Table 5, each novel means which 
was identified is shown. The functions which produced the 
most novel means were fill tortilla, fold burrito, and 
dispense burrito while position tortilla produced the fewest 
novel means. Although “shaker” and “vibrating plate” are 
similar semantically, they appear as means to satisfy two 
different functions (and were listed by two separate 
participants), so they are still considered novel. In 
addition, “bucket system” and “gondola bucket system” 
are also considered novel for the same reasons. Of the 
fifty participants, only one participant generated more than 
one novel means (“shaker” and “ladder”). 

Function Function List Function Structure

Store
Filling 

(0) N/A 
(2) large heated 

griddle, just in time 
from supplier 

Position
Tortilla 

(1) shaker (0) N/A 

Fill 
Tortilla 

(1) bowl feeder 
(2) bucket system, 

toaster-style 
insertion process 

Fold 
Burrito

(2) tooth pick, edible 
happy face stickers 

(1) slap bracelet 

Dispense 
Burrito

(1) vibrating plates 
(2) ladder, gondola 

bucket system 

Total 
Novel
Means 

5 7 

Table 5: Novel Means Generated 

For store filling, participants from the functions structure 
group identified “large heated griddle” and “just in time 
from supplier” as a means to satisfy the function, while 
there were no novel means produced by the function list 
group of participants. For position tortilla, a participant of 
the function list group identified “shaker” as a means to 
satisfy the function, while there were no novel means 
produced by the function structure group of participants. 
For fill tortilla, a participant from the function list group 
identified “bowl feeder” while participants from the 
function structure group identified “bucket system” and 
“toaster-style process”. For fold burrito, a participant from 
the function list group identified “tooth pick” and “edible 
happy face stickers” as means to satisfy the function, 
while a participant from the function structure group 
identified “slap bracelet”. For dispense burrito, a 
participant from the function list group identified “vibrating 
plate”, while participants from the function structure group 
identified “ladder” and “gondola bucket system”. Only 
twelve means out of the 859 means generated are 
considered novel. Although the function structure 
participants generated more novel means than the 
function list participants (7 to 5), there is not enough 
evidence to confirm a significant difference between the 
two groups. 

5 CONCLUSIONS 

The research presented details the design and execution 
of a user study to determine the relationship between 
function structures and morphological charts in the 
context of idea generation effectiveness with an emphasis 
on the novelty and variety of means generated. The 
experimental method, protocol of data analysis, and the 
results of the study are described. Based upon the results 
presented in this paper, there is no statistical evidence 
which shows a difference in the novelty and variety of 
means generated using function lists and function 
structures. Therefore, the research hypothesis presented 
in Section 3.3 is confirmed. The conclusion of this 
research is that the variety and novelty of means 
generated in a morphological chart is not dependent on 
the function representation (function list or function 
structure). This work also serves as an exemplar on how 
systematic studies in ideation and concept 
generation/integration tools might be conducted. In order 
to develop informed guidelines to aid novice designers, 
the underlying relationships between the elements of 
ideation tools and effectiveness must first be studied. 
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