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ABSTRACT

Collecting feedback is an invaluable part of the design process because it helps inform useful and
effective changes to products. With a multitude of different methods for gathering feedback and
metrics for evaluation, it can be difficult to select the method and/or metrics that will provide the
most useful feedback for a given stage of design. There is currently no condensed guide for
selecting methods and metrics for feedback on the bases of stage of design, effort level, and data
type.

This study filled this gap through a literature review of 9 academic papers related to design
evaluation methods and metrics. Following review, the information in these papers was analyzed
to establish how evaluation methods and metrics relate to different stages of design, different
data types, and relative effort levels.

The result is description of the relationships between stage of design and suitability, evaluation
method and data type, evaluation method and effort level, and evaluation metric vs data type. In
all, this study provides useful information for designers to use when selecting the right
evaluation methods and metrics to collect feedback on their designs.

Thesis Supervisor: Maria Yang, PhD
Title: Professor of Mechanical Engineering
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Chapter 1: Introduction

1.1 The Importance of Feedback in the Design Process

After defining a problem or need, one of the first steps of most design processes is to
ideate [1-5]. During this step, designers create a plethora of ideas for possible solutions to the
problem or need they are trying to address. Following this step, individuals are usually left with a
long list of ideas and need to pare it down to a handful of ideas to pursue further. This is the first
place where feedback plays a role in the design process. At this point a team of designers can
either rely on their own opinions and insights to down select their ideas or gather feedback from
others. In most cases, gathering feedback is essential to reduce the effects of biases within a
team.

Gathering feedback is useful throughout the design process and can help inform many of
the decisions a design team must make regarding their product. Many design processes include a
step of gathering feedback as part of the iterative process of improving and refining a design [1-
3,5]. Perhaps the most effective times to utilize feedback are at the milestones between different
iterations of a design project. Whether it be the comparison of sketch models or the tweaking of a
more finished prototype, feedback is an effective tool to help designers decide which ideas to
pursue or which direction to focus their efforts in refining their design.

1.2 Descriptions of Design Feedback Gathering Methods

1.2.1 Surveys

One method of gathering design feedback is to create and distribute feedback surveys. In
general surveys are useful for gathering data from a large group of people. Compared to other
methods of gathering feedback, most of the effort involved with surveys revolves around
creating the survey at the start and then analyzing the data at the end. The most important aspect
of designing a survey is selecting metrics that will provide the type of data a designer needs to
point their design in the right direction. The downside of surveys is that participation is typically
voluntary which can lead to certain biases in the data depending on how the survey is executed
[6]. Surveys are most useful when a design is well understood by the respondent. New-to-the-
world designs are likely unfamiliar to a respondent, making it difficult to formulate meaningful
questions on a survey that will give useful feedback.

1.2.2 User Interviews

Another means of gathering design feedback is to conduct user interviews. User
interviews can be conducted in various ways. Three typical ways of conducting user interviews
are: face-to-face, video, and text [7]. In general, the advantage of user interviews is that they
allow designers to target individuals for whom their design is intended. This allows designers to
get more specific feedback that can be useful depending on the situation. The major drawback of
user interviews is that they are typically more time intensive due to the preparation, scheduling,
and interview time involved.
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1.2.3 Heuristic Evaluation

A third method for gathering design feedback is heuristic evaluation. Heuristic evaluation
involves establishing a set of metrics used to evaluate different aspects of a design and then
having a group of experts in the field use these metrics to provide feedback on your design [8].
Heuristic evaluation is generally most useful at determining how well a design meets the needs it
was designed to meet. A key advantage is that it requires interaction and data collection from
fewer individuals than other feedback to get usable feedback. However, a primary drawback of
heuristic evaluation is that it limits the scope of your feedback to a smaller sample of people and
requires coordinating with experts which may be time intensive and require more compensation
depending on the case.

1.2.4 Usability Testing

Finally, a fourth general method for gathering design feedback is usability testing.
Usability testing involves having users interact with the design to evaluate how easy it is to
interact with to accomplish its intended use [9]. Compared to other methods for gathering
feedback, usability testing requires less time because once a user interacts with the design it is
very easy to extract valuable feedback. However, a limitation of usability testing is that the
designer must have a useable model of the design for the user to interact with. In general,
usability testing is a very valuable and easy to execute method for gathering design feedback.

1.3 Design Feedback Metrics

As mentioned above, one of the most important parts of gathering design feedback is
picking the right metrics to evaluate your design. A 2006 study [10], compiled the metrics used
in 90 studies to condense them down into a list of defined metrics for use in design evaluations.
Figure 1-1 below shows the results of the study.
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Dimension Definition
The degree to which an idea is original and modifies a
paradigm.

The degree to which the idea is not only rare but is also
ingenious, imaginative, or surprising

The degree to which an idea is paradigm preserving (PP) or
12 Paradigm

1.2relatedness paradigm modifying (PM). PM ideas are sometimes radical
or transformational.

2 Workability An idea is workable (feasible) if it can be easily implemented
(Feasibility) and does not violate known constraints.

The degree to which the idea is socially, legally, or politically2.1 Acceptability acetb.
acceptable.

2.2 Implementability The degree to which the idea can be easily implemented.

~The idea applies to the stated problem and will be effective3 Relevance~ at solving the problem.

The degree to which the idea clearly applies to the stated3.1 Applicability polm

3.2 Effectiveness The degree to which the idea will solve the problem.

4 Specificity An idea is specific if it is clear (worked out in detail)

Implicational The degree to which there is a clear relationship between
explicitness the recommended action and the expected outcome.

The number of independent subcomponents into which the
4.2 Completeness idea can be decomposed, and the breadth of coverage with

regard to who, what, where, when, why, and how.

4 CThe degree to which the idea is clearly communicated with
3 ClariW regard to grammar and word usage.

Figure 1-1: Condensed Evaluation Metrics from 2006 Study [10]

1.4 Remaining Gap

Based on my background research, I found four gaps in current literature related to
design evaluation that would be useful for designers. Currently there are studies related to design
evaluation during specific stages of the design process [11-13], methods of gathering feedback
[7], different metrics for design feedback [10], and other more focused topics related to the
design process and feedback. Areas where I determined there was room for improvement were:
matching feedback methods to suitable stages of the design process, a summary of what types of
data are produced by different feedback metrics, the types of data more easily produced by
different feedback methods, and a comparison of the different levels of effort required for
different feedback methods. Having this information would be useful because it would help
designers understand more of the differences between different feedback gathering methods and
metrics related to design evaluation. To fill these gaps, I conducted a literature review of
academic papers related to design feedback. Using Google Scholar and MIT Library resources I
found 11 academic papers [7,9-18] and analyzed them as discussed in the methods section
below. To simplify my search, I directed my literature review towards answering the four
following questions:

(1) What methods of design evaluation are most suitable for different stages of design?
(2) Which evaluation metrics produce different types of data?
(3) How much effort do each form of evaluation require?
(4) What kinds of useful data do different evaluation methods typically produce?
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Chapter 2: Methods

2.1 General Methods

I carried out a review of 10 academic papers and journal articles related to design
evaluation. Specifically, I searched for articles related to early, mid, and late-stage prototype
evaluation. I utilized Google Scholar and the MIT Libraries search engine as tools to find articles
that met my needs. Key search terms included "evaluation of early design prototypes", "design
evaluation methods", "methods for evaluating design ideas", and other similar descriptions of the
material for which I was searching.

Once I had found 3-5 articles and papers which met my needs for this research, I looked
through them and checked the references for each paper for other relevant articles that did not
appear in my other searches. After reviewing all 10 of the papers I found, I parsed them for
information related to different types of product evaluation methods, evaluation metrics, stages
of design, data types, and levels of effort.

2.1.1 Evaluation Methods

For evaluation methods, I found a total of 8 different evaluation methods that are most
commonly used to garner feedback during the design process. The 8 most common methods I
found were Empirical User Testing, Expert Evaluation, Population Surveys, Sample Surveys,
Face-to-Face Interviews, Text-based Interviews, Video/Phone-based interviews, and Thinking
Aloud Testing.

Empirical user tests are when designers ask users to complete a set of specific tasks with
the product in order to identify problems or pain points [19]. Expert evaluation is when designers
have experts help identify problems and evaluate their design based on metrics determined by the
designer [19]. For Population and Sample Surveys designers design a questionnaire about their
product and distribute it to a sample or population of potential users [19]. User interviews,
including text, phone/video, and face-to-face, are when designers talk to users directly to gather
feedback in a more conversational format [7]. Finally, Thinking Aloud Testing is a form of
usability testing in which a designer observes a user interacting with the product and has them
vocalize what they are thinking and doing as they do so to help identify pain points [19].

To eliminate redundancies, I narrowed these 8 methods into 4 categories: Surveys, User
Interviews, Heuristic Evaluation, and Usability Testing. To sort the methods into more general
categories I grouped methods based on commonalities, such as who the subject is and whether or
not the product is involved directly. The breakdown of how each method was sorted is shown in
Table 2-1 below.

TABLE 2-1: Breakdown of Evaluation Method Categories

Surveys User Interviews Heuristic Evaluation Usability Testing

Population Face-to-Face Expert Evaluation Empirical User Tests

Sample Video/Phone Thinking Aloud Tests

Text
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For this analysis I defined Surveys to be any voluntary poll or questionnaire given to a
sample or population of potential users or the general public. Likewise, I defined User Interviews
to be any evaluation method where intended users were questioned individually or in groups in a
more open-ended manner. I defined Heuristic Evaluation as any form of evaluation based around
obtaining expert opinions on a design or idea. Finally, I defined Usability Testing as any form of
testing where data was derived from direct interactions between the design and users.

2.1.2 Stages of Design

For stages of design I kept a list of the common forms of design I found. From there I
categorized each group as an early, middle, or late stage. For these purposes, early stage includes
anything produced during the ideation stage of product design. As shown in Table 3-1, this is
anything that can be done relatively quickly to help create many new ideas or explore
possibilities around one idea, such as blue foam modeling. Middle stage encompasses anything
more developed than early stage but not fully fleshed out or complete like late stage models. This
includes sketch models, storyboards, and other types of representation used to explore the
functionality and design of an idea beyond simple ideation models. Finally, I defined late stage
as any embodiment of the product that captures the intended form, functionality, or both close-to
ideally. In general, the stages serve as a gauge of where an idea is in the design process.

Once I categorized all of the stages I rated each evaluation method based on its suitability
for each stage of design. I rated them on a scale of not very suitable to somewhat suitable to
suitable to very suitable. The suitability of a given method was determined by its ability to
provide useful data with comparable amounts of effort. Table 3-1 (below) shows a matrix of
these ratings.

2.1.3 Data Types

Similarly, for metrics I kept a list of common evaluation metrics discussed in other
papers and then categorized them based on their propensity for creating General, Technical, or
Emotional data. I settled on these three categories because based on my research it seemed that
Emotional and Technical data are the most distinct and often most useful forms of data, and
General was a way to capture metrics that did not fit into the other two categories. I chose to
keep these three categories more general because if I were more specific I would be getting too
close to the level of specificity of the metrics I was categorizing.

I used Emotional to denote any metrics that are likely to elicit subjective data related to a
user's feelings and opinions about the product. Secondly, I used Technical to categorize any
metric that is likely to product more objective data related to raw facts about the idea rather than
impressions or opinions. Finally, as mentioned above, General was used to describe any metric
that would not necessarily create data that fit into the other two categories.

2.1.4 Effort Levels

Next, I considered the relative effort levels of each evaluation method. I rated each on a
five-point scale from Low to High effort. Each method was rated based on consideration of the
amount of time necessary to obtain useful data. The benchmark used for comparison was how
much effort it would take for one tester to gather data from one individual. This benchmark was
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selected because it did not give an unfair advantage to any test in particular and the results scale
well with increased sample size as well.

2.2 Answers Sought
To answer the four questions stated above I set out to establish four relationships. Using

the information that I compiled in my literature review, I set out to define four relationships.
These relationships were:

(1) Stage of Design vs Suitability
(2) Evaluation Method vs Data Type
(3) Evaluation Method vs Effort Level
(4) Evaluation Metric vs Data Type

11



Chapter 3: Results

3.1 Stage of Design vs Suitability

As discussed above, I first considered the suitability of different feedback gathering
methods for different stages of design. For example, heuristic evaluation is not very suitable for
an early-stage prototype because during this stage ideas are still poorly defined and developed. A
few expert opinions are not the best way to compare or evaluate ideas at this stage because ideas
are not fully formed at this stage. This low fidelity of design makes it hard to take full advantage
of the knowledge possessed by experts. Instead, a good method to get useful information is
through user interviews. This is because with similar or less effort than gathering expert
opinions, one can get conduct an in-person interview and gather useful information that can help
inform their decisions. Table 3-1 (below) summarizes the results of this analysis.

TABLE 3-1: Stage of Design vs Suitability

Stage Early Middle Late

Blue Foam Models, Sketch Models, Looks-Like, Works-Examples Sketches Storyboards, Proof of Like, Alpha
Concept

Surveys Somewhat suitable Suitable Somewhat suitable

User Interviews Suitable Suitable Suitable

Heuristic Evaluation Not very suitable Somewhat suitable Very suitable

Usability Testing Not very suitable Somewhat Suitable Very Suitable

As shown above, surveys are generally most useful for gathering feedback on early stage
models. This supposition is based on the fact that the study by Dean and Hender [10] as well as
the one by Kudrowitz and Wallace [11] set out to determine the best metrics for evaluating early
models which supports the idea that surveys, which utilize such metrics, are most suitable for
evaluating such ideas. Likewise, based on the work of Ma, Yu, Forlizzi, and Dow user interviews
and surveys are arguably most useful for evaluating middle stage models [7] when compared to
heuristic evaluation and usability testing.

The reason that heuristic evaluation and usability testing are rated as not very suitable for
early stage and only somewhat suitable for middle stage is that both forms of evaluation require
more functional and/or complete models [8,19]. Along that same line of reasoning, because late
stage models are by definition more functional and/or developed, heuristic evaluation and
usability testing are most suitable for late stage models.
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3.2 Evaluation Metric vs Data Type

In Table 3-2 (below), I have shown the categorization of 13 commonly used metrics. I
selected these metrics from the results of another study by Dean and Hender [10]. This review
analyzed 90 prior studies to synthesize all of the methods used in each and condense them down
into the most commonly used. Based on my own research, I found that the 13 metrics given by
that study accurately encompassed nearly metrics used in other design evaluation studies.
Metrics that fall into two categories do so because the type of data they produce can vary
depending on how they are used. For example, acceptability could create emotional data if used
in the context of a single user or technical data if used in the context of a usability test or
heuristic evaluation. The distinctions between data types were made based on the definitions of
each term established in the study by Dean and Hender in 2006 [10] and how those definitions
related to the three categories.

TABLE 3-2: Evaluation Metric vs Data Type

Metric\Data Type Emotional Technical General

Novelty x

Originality x

Paradigm Relatedness x

Workability/Feasibility x

Acceptability x x

Implementability x

Relevance x x

Applicability x

Effectiveness x x

Specificity x

Implicational
Explicitness

Completeness x

Clarity x x
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3.3 Evaluation Method vs Effort Level

Table 3-3 (below) shows the results for the comparison of effort levels for the designers
between different evaluation methods. Each method has a range of effort levels that it falls
under. This range helps encompass how demanding each method can be depending on how
intensive a designer chooses to be. For example, usability testing can be done in a very quick and
simple manner to get data, hence the low effort level on the bottom end. However, should they
choose to do so, a designer can pursue more intensive and controlled user testing that requires
more effort, resulting in a medium effort level rating on the upper end.

TABLE 3-3: Evaluation Method vs Effort Level

Method\Effort Low Medium High
Level

Usability
Testing

Heuristic
Evaluation X X X

Surveys x x x

User Interviews x x x

As shown above usability testing and surveys fall in the low to medium effort levels. This
is based on the fact that both can easily be carried out in "quick and dirty" ways on the low end
and controlled and calculated ways that require more effort [6,19]. Moving up the effort scale,
heuristic evaluation falls around the middle because in general it requires a medium amount of
energy between formulating the necessary evaluation metrics and coordinating with relevant
experts [8]. Finally, towards the top of the effort scale is user interviews. User interviews range
from medium to high effort levels because on the lower end formulating the interview questions
properly, contacting users, and taking the time to perform the interviews can be quite time and
effort intensive [20,2 1]. On the upper end, user interviews can be very exhaustive and require
high effort levels when many interviews must be conducted and many different aspects of the
product need to be addressed.

3.4 Evaluation Method vs Data Type

Table 3-4 (below) shows the results of my comparison of what types of data each
evaluation method is most likely to produce. For example, user interviews are most likely to
produce emotional data because of the direct, conversational interaction with users involved. On
the other hand, heuristic evaluation and usability testing are more likely to produce technical data
because of the more functionality focused evaluation involved. Finally, sample surveys are
categorized under general because the types of data they are likely to produce can vary greatly
depending on the questions asked and the population questioned.
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TABLE 3-4: Evaluation Method vs Data Type

Data Type Emotional Technical General

Methods User Interviews Heuristic Evaluation, Surveys
Usability Testing

As summarized above in Table 3-4, user interviews are most likely to produce emotional
data. This is a result of the face-to-face and conversational style common among user interviews.
This format lends itself to capturing emotional data because it allows the interviewer to more
easily pick up on facial and vocal cues [7]. Moving on, both heuristic evaluation and usability
testing have a propensity for creating technical data. Heuristic evaluation typically utilizes
experts to evaluate different technical characteristics and usability testing draws on direct
interaction with the product to test its functionality and identify underlying technical problems
[8,18,19]. Lastly, surveys fell into the general category because in practice they are a very
flexible tool and the types of data they can collect depends heavily on the design of the survey
and the questions asked.
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Chapter 4: Discussion

In this study, answers were provided for these four questions:

(1) What methods of design evaluation are most suitable for different stages of design?

For the early stages of design, user interviews are the most effective methods for
gathering useful information. Surveys also have somewhat limited utility depending on
the nature of the design. For middle stage designs, surveys and interviews are still
suitable, and additionally heuristic evaluation and usability testing gain slight utility
depending on if there are aspects of the design that can be evaluated with these methods.
Finally, for late stage designs heuristic evaluation and usability testing come to the
forefront of useful methods. Surveys and user interviews maintain moderate levels of
utility for late stage designs as well.

(2) Which evaluation metrics produce different types of data?

Metrics that favor emotional data generally relate more towards subjectivity and the
experience of individual users. On the other hand, metrics that favor technical data tend
to be more objective and measurable aspects of a design. Lastly, metrics that have a
propensity for general or multiple data types tend to be either objective or subjective
depending on the context they in which they are used. Please refer to Table 3-2 for more
specific breakdowns of the metrics and data types analyzed.

(3) How much effort do each form of evaluation require?

In general, usability tests and surveys can require less effort relative to other methods.
The only caveat being that usability testing requires that designers possess a usable
version of the product with which to conduct testing. Next on the effort scale is heuristic
evaluation which tends to require a more medium level of effort. Heuristic evaluation
also requires a more developed design to be effectively utilized. Finally, user interviews
were shown to require more effort relative to the other methods due to the extra time and
consideration necessary to coordinate and meet with users and create effective questions
for use during each interview. As shown in Table 3-3, the effort required for each of these
methods varies depending on its implementation allowing for some overlap in
comparative effort between each method.

(4) What kinds of useful data do different evaluation methods typically produce?

It was determined that in general user interviews lent utility to collecting emotional
data as a result of the more personal and conversational format. On the other end,
heuristic evaluation and usability testing were found to have a greater propensity for
producing technical data as a result of how each method is carried out. Finally, surveys
fell into the general data category because the types of data collected by surveys is highly
dependent on how the survey is designed.

The value added by this work is a simplified and condensed resource for designers and
researchers to use when selecting evaluation methods and metrics for their products and designs.
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This work can serve as a guide and thinking tool to help designers consider the types of data they
are looking to acquire and the methods that are most appropriate to gather that data. The
limitations of this study were the relatively small number of academic papers that were reviewed
and synthesized, and the fact that the assessment was conducted by only one person. Any effort
to build on the work done here should focus on finding and analyzing more articles. Such articles
would serve to add detail and additional data to further support or to inform changes to the
results of this study. While limited by the total number of papers reviewed, the greatest value of
this study is the concentration of information related to design feedback. The inforiation
presented here can help inform and guide designers to ask the right questions in the right ways to
better improve their designs.
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