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Abstract

Desired affordances and appropriate product semantics are important when considering products that
are easy to use and easy to understand. Despite affordances and product semantics being taught in
some design educations, many designers in industry do not explicitly consider affordances nor
product semantics during the design process. This is partly due to the lack of a framework that
supports the considerations for affordances and product semantics during the design process. As a
consequence, many designers rely on their own intuition, and this can be problematic. To avoid the
potential negative effects of relying on intuition, we designed a framework to support the designer in
explicitly considering affordances and applying product semantics during product design. This
framework was used by undergraduate students in product design engineering during a 12-week
product design assignment. In this paper we present the framework, examples of how it was used and
how it was evaluated by the students. We finally discuss the findings within the context of design for
meaning and project-based learning.
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1. Introduction

1.1. Design for meaning

User-centred approaches are very important during the design process, they enable the designer to design a product
that meets the needs of the users better. This is important on both a physical and cognitive level. When considering
the users, designers try to design the product so that the intended use becomes clear to the users and incorrect usage
is prevented. Or, as pinpointed by Krippendorff and Butter (1993), interfaces that afford all appropriate cognitive
models should be created and harmful ones discouraged. Designers often speak about products as if the product
communicates something (Boess 2008; 2009). Even more, many consider design a communication process with a
product that mediates between a designer and a consumer (Crilly, Good, Matravers and Clarkson 2008; Crilly, Maier
and Clarkson 2008). The product then transfers a message, e.g., on how to use it, without certainty of interpretation
(Crilly, Good, et al. 2008; Crilly, Maier, et al. 2008). However, as discussed by Krippendorff and Butter (1993) it is
impossible to integrate meanings in or attach them to products. In contrast, Krippendorff and Butter (1984) argue that
users create meanings during interaction with the product. Moreover, as explained by Crilly, Maier and Clarkson
(2008), users are characterised by experiences, beliefs, motivations, expectations, capabilities and culture which can
impact the meaning constructed by the users. But how can designers then, when it is the user who creates the
meaning, try to design for meaning, promote a desired interpretation and avoid wrong usage? The answer can be
found in affordances (i.e., action possibilities) and product semantics (i.e., meanings associated with product
features). Users give meanings to product features like shapes, colours, textures, ... , these meanings are referred to
as product semantics (see, Krippendorff and Butter [1984]). These meanings are important, not only for complex
products but also for simple products. Or as stated by Krippendorff and Butter (1993, p. 36): “The semantics of
simple products require as much attention as those of complex product systems”. According to Krippendorff and
Butter (2007) there are two ways to afford or discourage meanings; the semantic way (e.g., by adding or removing
perceptual cues) and the physical way (i.e., adding or removing physical constraints). This physical way is similar to
the forcing functions described by Norman (1988) in his book “The Psychology Of Everyday Things” where Norman
introduced action possibilities or ‘affordances’ in design. Those affordances can also be positive or negative (i.e.,
polarity of affordance, as addressed by Gibson [1979] and Maier and Fadel [2009]) and perceivable or hidden.
Desired affordances should be afforded by making them possible and perceivable and undesired affordances should
ideally become impossible and unperceivable. Achieving this is an important step to design easy-to-use products. As
a consequence, affordances and product semantics are very important when considering design for meaning and
design in general. Design which was defined by Kazmierczak (2003) as a semiotic interface that allows the receiver
to reconstruct the meaning.

1.2. Integration in design education through project-based learning

Affordances and product semantics, and their associated theories, are important when considering design for
meaning. Designers are confronted with design for meaning issues when users have to interact with the product and
need to understand how to use it, which is the case for many products. However, an interview study with designers in
different companies, has shown that many product designers hardly refer to any theory or methodology available
when describing meaning in product use (Boess 2008). Boess investigated in this interview study how designers
design for meaning and which terms they use to refer to their work. During these interviews, semantics was the most
shared term between the designers. Sometimes referred to as something of the past or distinguishing between “old”
and “new” semantics, many of the designers statements were in line with the theory of product semantics (S. U.
Boess 2008). In contrast, the term affordances was only known by one interaction designer who was reserved about
it (Boess 2008). It is not surprising that Human Computer Interaction (HCI) designers are familiar with affordances.
Researchers like Faiola and Matei (2010) even consider affordances to be a key conceptual concern in human-
computer interaction design (HCID) education because of their increased relevance for designing the next generation
of multipurpose communication devices. It is more surprising that the other designers did not know the term because
years already passed since Norman introduced affordances in design (i.e., through his book “The Psychology of
Everyday Things” Donald Norman [1988]), and since the responsibility shifted to the designer to design products that
the users understand rather than to blame the users for wrong product usage (Krippendorff 1989). Furthermore when
asking the designers on their attitude towards these theories they responded neutral to negative (Boess 2008). Boess
(2009) also brought forward that no general rules could be thought up on product meaning by the interviewed



designers. Nevertheless, when considering user-centred design, designers already consider what actions are needed
to perform the task or what the users should be able to do with the product. In other words, they consider what action
possibilities the product must offer (affordances) and how these action possibilities can be made clear to the users
(e.g., by using semantic cues). Many also consider how to prevent the users to engage in undesired actions. So
intuitively many designers, when considering the users, already consider affordances and product semantics without
using or knowing the terms. Some designers even state that they base their decisions merely on intuition when they
design for product meaning (Boess 2008; 2009). Intuition of the designer can often be very valuable during the
design process. Sometimes very good solutions for many aspects in product design can be found by using ones
intuition, also solutions that convey meaning in a clear and original way. However, only following intuition can also
have drawbacks, such as the chance that things are forgotten or not considered sufficiently. Designers also prefer
concreteness when considering meaning in product use, rather than abstract descriptions (Boess 2008). Besides not
knowing the applicable theories, also not having a clear framework to use these theories within a design project can
be a reason why designers are hardly referring to a methodology or theory when considering design for meaning. As
a consequence, the question arises whether or not design for meaning, could be supported through a framework that
helps to consider existing theory on design for meaning explicitly rather than considering it only intuitively with the
risk to forget or overlook things. Following, one could also question the value of integrating these theories in a
design education program without a clear framework to apply them.

It is clear that designers not only prefer, but also need concreteness when considering design for meaning. As a
consequence, education programs should, besides offering the theory, also offer a framework or approach to apply
design for meaning during design projects and thus bridge the gap between design theory and practice. When
students are offered a framework to first analyse affordances and second to alter them, they can actually learn to
apply these theories in a design project. Knowledge gained from these projects could then help to develop and fine-
tune the framework. A framework that could be shared with industry and its designers. However, a first step is to
research if future designers (e.g., design engineering students) are able to apply the theories within a framework and
how they evaluate the process. Given the need for practicality and the context of a design project, we consider a
project-based learning (PBL) approach most suitable to let the students use the framework and to gather insights on
how the framework is used an evaluated. Sometimes, the more specific term design-based learning (DBL) is used
when the project takes the form of a design assignment where knowledge is integrated to construct artefacts, systems
and solutions (Wijnen 2000) as cited by Gomez Puente, van Eijck and Jochems (2013).

In PBL and DBL, resemblance of design activities within real engineering settings (such as iterations of diverging,
exploring, searching for solutions, converging, testing and communicating) is emphasized (Dym, Agogino, Eris, Frey
and Leifer 2005; Doppelt, Mehalik, Schunn, Silk and Krysinski. 2008; Gémez Puente et al. 2013). Project Based
Learning (PBL) also facilitates contextual learning (coined as problem-based learning by Abrandt Dahlgren [2003]),
and learning objectives can be achieved through experience while providing the necessary knowledge. Or as
summarized by Chua, Yang and Leo. (2014, p. 438) ... the key features of PBL are to encourage students’ learning
and develop the essential knowledge and skills to engineer a personalized solution to the design problem.” In PBL
courses, learning objectives can be achieved through experience and iterative improvement while providing the
necessary knowledge. This method is ideal to gather the necessary insights on the applicability of the framework in a
design project. The framework should be offered and explained to the students, but the students have to experience
themselves how they can implement it in their specific project. This also brings us to the role of the lecturer which
has to be more a facilitating, supporting and coaching role, which is typical for PBL projects (Frank, Lavy, and Elata
2003; Dym et al. 2005). Another characteristic of PBL is that it involves teamwork where in most cases group
decisions are better than decisions taken by individuals (Frank et al. 2003). In many companies, designing a product
is teamwork and as such a social process (Cross and Clayburn Cross 1995). Following, dividing students in groups
adds again to the contextualisation.

In the following sections we will first discuss the framework offered to the students and the theories behind it. In the
method section we will discuss how the framework was introduced to the students and how they applied it to design
a product during a project-based course. In the results section, we will first discuss how the students used the
framework and we will give examples of solutions found by students to change affordances or their perception
during the design project and after user testing. Secondly, the results of a survey — where the students, after
designing their product while using the framework, evaluated the added value, the applicability, etc. of both
affordances and product semantics — will be shared. These answers are interesting because they indicate the attitude
of the students towards these theories and how a framework that includes affordances and product semantics is used



and evaluated by the students. As a consequence, these results could support and give arguments to first integrate
affordance theory and product semantics within an industrial design education program and secondly to use the
framework during project-based courses which focus on design for meaning.

2. Constructing a framework to apply design for meaning in project-based learning

As pointed out by Boess (2009), some designers start thinking thoroughly about product usage when they make a
user manual. However, when at this stage an error in usability is discovered, the most suggested solution is to explain
the use more clearly in the manual. From this perspective the manual must make up for flaws in the design of the
product (Boess 2009). This of course is not the best solution and illustrates the need of a framework that can be
applied in an earlier stage of the design process, already triggering the designer to think product usage through before
the product is finished. However, the finding that designers use the user manual as a design tool to consider product
use (Boess 2009) is also interesting and illustrates the need for some designers to actually have a tool or framework
to consider design for meaning. From these interviews it also came forward that most of the designers experience
some distance to formal usability testing. They merely use informal testing methods on themselves, with colleagues
or with their families (Boess 2009). Despite the fact that user testing remains the best way to verify the product, it
appears to be sometimes difficult to apply big usability studies in practice. As a consequence, usability testing has
become more and more informal, integrated and iterative (Dumas and Redish 1999). A framework that helps the
designer to think the product usage through can potentially also lower the amount of iterations in usability testing
which, when considering the results from the interviews, would be considered beneficial by the designers. The
proposed framework aims to engage the designer to consider design for meaning during the embodiment design
phase (i.e., according to Pahl, Beitz, Feldhusen and Grote [2007]), when the concept is defined and designers
proceed to the embodiment of the product. This is done by offering the designer first some questions that should help
to analyse and categorize the affordances of the product and second to offer pathways to change those type of
affordances into other types or non-affordances depending on the polarity or perception of the affordance.

2.1. Designing and analysing affordances of a product

Designers should strive (without guarantee because affordances and affordance perception are both user dependent)
to make desired affordances possible and perceptible, and undesired affordances impossible or hidden (i.e., for the
intended user group). Making desired affordances possible and perceptible is most important because when desired
affordances are impossible or imperceptible it means that a desired action (i.e., from a design perspective an action
that is linked to the functionality and usability of the product) is prevented. However, in order to understand whether
or not and which action should be taken, it is important to analyse the affordances of the product in relation to the
impact of the change (i.e., on the use of the product, on the associated cost, on the production process, on the
aesthetics, etc.) Therefore, after having considered this, the decision can still be made that no changes will be made
to the product because the advantages do not outweigh the possible disadvantages and costs. An affordance to one
user is not necessarily an affordance towards another user, they are user dependent. Affordances exist in the
complementarity (as addressed by Gibson [1979] between the environment and the animal) or as generalised by
Maier and Fadel (2009) between two interacting systems. Some possible actions can be impossible to one user due to
physical or cognitive constraints while another user could be able to act on the affordance. Analysing affordances is
therefore also user dependent. However, when designing a product, designers have a particular focus group in mind
(e.g., children, adults, elderly, people with disabilities, students, ...), and affordances can be analysed within these
focus groups, which optimizes the chance that an affordance actually is an affordance within that focus group. As
stated by Kannengiesser and Gero (2012, p. 50), “affordances tend to be generalized so that they are described no
longer as specific to any individual user, but to groups of users or all users”. Considering affordances as “-abilities”
helps to see them as properties to design for or against (Kannengiesser and Gero 2012). After all, designed artefacts
have a “designed purpose” (Burlamaqui and Dong 2015) and as a consequence have intended affordances (Brown
and Maier 2015) for a predefined group of users or all users. To design intended affordances, one should first
understand the typology of different affordances in order to determine what is needed or undesired.

A first way to divide affordances is to consider whether they are positive or negative (polarity of affordance, as
addressed by Gibson [1979] and Maier and Fadel [2009]). This polarity is again depending on the user (e.g., safety
fences that are used to prevent young children to fall from stairs need to afford adults to open them while children



should not be able to open them.) The affordance of opening the fence is positive towards adults, because they need
the access, while the same affordance is negative towards children because opening the fence could endanger them.
Deciding in what ways and to whom an affordance is positive or negative is very crucial, it determines whether the

affordance itself should be facilitated or made impossible.

Another categorization can be made by separating affordances from the available perceptual information about them
(Gaver 1991). This method of categorizing affordances results in four different types (i.e., perceptible affordances
[PA], hidden affordances [HA], false affordances [FA] and correct rejections [CR]). From these types, perceptible
and hidden affordances are actual affordances because they afford real actions, where false affordances and correct
rejections do not afford any actions. False affordances even trigger the user to engage into an impossible action
where a hidden affordance cannot trigger the user to engage into a feasible action because of its hidden nature.
Correct rejections do not afford or trigger any action, they have been correctly rejected by the user as a possible
action. By considering whether the affordance is a PA, HA, FA in relation to its polarity is very interesting. Correct
rejections do not need to be considered because they are rejected correctly and are not perceptible, which is also
visible in Table 1. A PA is the most desired type for positive affordances and the absolute undesired type for
negative affordances, while a CR is the absolute desired type for undesired, negative affordances. Hidden
affordances and false affordances are types that, depending on the polarity, better change in PA’s or in CR’s.
However, when it is not feasible to change an undesired PA into a CR (e.g., due to limitations in: design, production,
etc.), FA’s and HA’s can be satisfactory end-states because they already prevent the affordance itself (e.g., FA) or its
perception (e.g., HA).

A third and fourth method to classify affordances is to consider whether they are nested or sequential (Gaver 1991).
Nested meaning that affordances are spatially grouped with other affordances and sequential, meaning that
affordances are revealed over time after interaction with other affordances. Gaver explained these two types with the
examples of a door and a door handle. The affordance of pulling a door handle is nested within the affordance of
pulling the door, meaning that the affordance of pulling the door becomes perceptible by perceiving the affordance
of pulling the handle. In addition, this example also has a sequential aspect, it is only after grabbing the handle that
the user receives tactile feedback and discovers that it can be pushed down and the affordance of turning the handle
becomes clear. Considering whether an affordance is nested or sequential is important because the action itself can
become impossible or imperceptible if the relationship between other affordances is not considered.

A fifth method to classify affordances can be made by considering the interacting systems. Artefact-artefact
affordances (AAA’s) and artefact-user affordances (AUA’s) were described by Maier and Fadel (2009) within a
designer-artefact-user system. A nice example of a combination of AAA’s and AUA’s in the context of use are
products that have parts that have to open, close or that need to be modular, reconfigurable, ... The user has to be
able to manipulate the connections, the locking mechanisms (AUA) while the different parts of the product must be
able to interlock with one another (AAA). Stipulating that an affordance is an AAA or AUA is potentially useful to
consider not only the AUA’s (more common) but also AAA’s which, when components interact, can be crucial for
the functionality of the product as a whole.

Another method to classify the affordances is to describe them on different levels according to the description-of-
affordances-model proposed by Pols (2012). According to Pols, affordances can be described on different levels; on
the level of manipulation (i.e., manipulation opportunities), effect (i.e., effects of manipulations or effect
opportunities), use (i.e., what the user can do with the product) and activity (i.e., the effects on the social world).
Interesting to our framework is how this description-of-affordance-model can be used to give design
recommendations. This by inviting the designer to describe the affordances first on a high level (e.g. use) and
subsequently describing these affordances on a lower level. This also triggers the designer to think more profoundly
on affordances. The level of activity, as described by Pols, was not considered within the framework because of its
need for abstract social and institutional knowledge and the need for concreteness of the framework. Subsequently
the highest level that was considered, which is also visible in Table 1, was the level of use.

The Typology table (i.e., the part on the left in Table 1) can be used as a tool to analyse affordances of a product. For
every affordance, the characteristics in the left column can be identified in the right column. Potential answers or
guidelines are stated in the right column (some additional explanations e.g., “Give the affordance a number” were
added for the clarity of the paper). By describing the affordances and considering the level of this description (i.e.,
the description of affordances model of Pols [2012]), the designer is triggered to consider descriptions and



affordances on other levels. In the typology table (see Table 1) the description of the affordance is the primary
defining factor, the other questions all relate to the affordance described there. If an affordance is described on a
manipulation level (e.g. pulling a door handle) it is not described on an effect level (e.g., opening the door) or on a
use level (e.g., leaving the room). An affordance is also described as relating to a user (AUA) or relating to another
artefact (AAA). It is also from a design perspective desired or undesired or sequential or not. These are all objective
evaluations of the affordance as it is described in the Table. Evaluation of the current type (i.e., a categorisation in
PA, FA and HA) is a more subjective evaluation made by the designer. It is more subjective because users are
different and there is no guarantee that affordances are possible or perceptible towards a specific user. Moreover, the
evaluation is also made by the designer based on his own past experiences, knowledge, known conventions, culture,
etc. For these reasons this will always be a subjective interpretation of the designer. Nevertheless, the table triggers
the designer to make an evaluation on this point and to consider why the affordance is feasible or not, and perceptible
or not. This evaluation can still be adjusted after user testing (this is also illustrated in the example in Table 1 [first
and second use of the table, i.e., prior and after user testing]). Nevertheless, it already triggers the designer to
consider the affordance more in depth and to define pathways to alter the affordance or its perception. The designer
is also triggered to explain in the table how this was achieved through constraints or product semantics. By explicitly
answering these questions, designers are forced to consider the affordances more in depth and think about potential
problems (e.g., related to polarity or to the current type according to the categorization of Gaver [1991]) and
potential solutions (i.e., pathways to change between these types). Because a CR (correct rejection) is imperceptible
and does not afford a real action possibility it makes no sense to consider them as a starting point for analysis but
more as a desired end state (CR was therefore omitted as a current type but not as a desired type in Table 1).
Moreover when a CR (i.e., by the designer expected to be a CR) appears to be perceptible or possible it will display
itself as an undesired FA (i.e., perceptible), undesired HA (i.e., possible) or undesired PA (i.e., possible and
perceptible). Different pathways can then be identified to change it again in a real desired CR. Relationships between
affordances (i.e., nested and sequential) and between objects and users (i.e., AAA or AUA) are also considered.
Answering these questions in relationship with the scheme in Fig. 1 offers designers a method to consider
affordances more systematically, which potentially helps to discover design flaws or missed opportunities when
considering design for meaning.

Table 1 Overview of the Typology table, affordance analysis and constructing pathways (on the left) and an example
of this table in use (on the right)

Typology Table

Example of how to use the Typology Table

Affordance No.? .

Give the affordance a

No. 1

number
Descrintion Give a description of the Carrying the bag as a shoulder bag (i.e., an
P affordance affordance provided by the strap)

Level (manipulation /

manipulation / effect /

Use
This relates here again to the affordance provided by

effect / use) use the strap (i.e., to carry the bag as a shoulder bag)
which is described on the level of use of the strap.

Type (AUA or AAA, see 9

Maier and Fadel [2009]) AUA or 444! AUA

Nested (Yes/No) Yes / No Yes

If nested, depending on
affordance(s) No.? :

affordance number(s)?

No. 2: The affordance of carrying the bag as a
shoulder bag becomes perceptible by perceiving the
affordance of putting the strap on the shoulder.

Sequential (Yes/No)

Yes / No

Yes

If sequential, following
on?

affordance number(s)?

Affordance No. 3: Attaching the strap correctly (this
needs to be done in order to provide the affordance
of carrying the bag as a shoulder bag)

Polarity of affordance? (+/-) + : carrying it as a shoulder bag is desired

Initially it was considered to be a PA (first use of the
Current type Table) but after user testing it appeared to be a HA
(categorization according (FA,PA,HA) (second use of the Table, i.e., after user testing). It is
to Gaver [1991]) feasible but not clear to the user that the bag can be

carried as a shoulder bag.




Desired type

(categorization according (FA/PA/HA or CR)? PA: Make it not only feasible but also perceptible for
to Gaver [1991]) the user that it can be carried as a shoulder bag.
Pathway to change Physically (constraining)

between the types or Semantically? Semantically

Product semantics: adapt the length of the straps and
add 1 shoulder rest so that it looks more like a
shoulder bag.

Which constraints,

How? .
product semantics?

Picture, product

, Picture No.?
semantics

The example in Table 1 (right-hand side of the table) is interesting because the affordance of carrying the bag as a
shoulder bag was a desired affordance by the students. However after user testing it became clear that it could be
carried as a backpack and that the intended affordance of carrying it as a shoulder bag was not clear to the users.
There are two different affordances here, a desired affordance that is possible but not perceptible (carrying the bag as
a shoulder bag) and an undesired affordance that is possible and perceptible (carrying the bag as a backpack).
Highlighting the desired affordance is a first solution to tackle this problem. This solution is also described in Table
1. The other solution of making the undesired affordance impossible and imperceptible was also considered and is
explained further in this paper in Table 3. Ultimately the solutions implemented by the students did both, they
highlighted the desired affordance and prevented the undesired affordance by adding constraints and changing the
product semantics. This example illustrates that it can be an added value to consider both desired and undesired
affordances to find solutions.

2.2. Constructing pathways to alter the affordance types

Perceptual cues and the promoted meanings (i.e., product semantics) can be used to change affordance perception.
As a consequence, false affordances can be changed in correct rejections, and perceptible affordances can be
changed in hidden affordances and vice-versa. Adding constraints can change perceptible affordances in false
affordances and hidden affordances in correct rejections, which is desired when polarity of the perceptual or hidden
affordance is negative. Removing constraints can be benefitial to change false affordances into perceptible
affordances when the affordance itself is desired. Conventions can also be used to make hidden affordances
perceptible, however they are only valuable when the convention is understood by the users. Nevertheless, the
designer must try to be familiar with conventions within his user-group and must avoid to design a product opposing
existing conventions. In Parmentier et al. (2019) the pathways were described and illustrated using the scheme in
Fig. 1.
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Fig. 1 Potential pathways, depending on polarity of affordance, to change the actual type of affordance. (from
Parmentier et al. 2019), and initially adapted from Gaver [1991])

Using the questions from Table 1 in relation with the scheme in Fig.1 to design or redesign a product, does not
guarantee that intended affordances are actual affordances to all intended users nor that they are perceived by all
intended users. It also does not guarantee that there are no undesired perceptible affordances anymore. User-tests
remain valuable to gain insights and to fine-tune the product after the analysis of the affordances. However,
analysing affordances could uncover difficulties and could help to identify potential pathways to improve the
usability before the first user-test. Using this framework could potentially reduce the number of user-tests needed. In
this section, a framework to consider design for meaning in project-based learning was discussed. How this
framework was actually implemented in a project-based learning course will be discussed in the following method
section.

3. Methods

3.1 Course and student description

The course (6 credits, 180 hours of study time) was sheduled in the second semester of the third year from the
Bachelor of Science (BSc) program in Industrial Design Engineering Technology of the university where this study
took place. The data was collected at a Belgian university in 2018. The students received, during a total of 12 weeks,
24 hours of lectures, the rest of the 180 hours were mainly spent on the project where they had to design a product
supported by the theory of the course. Students were 26 students (17 male and 9 female) between 20 and 23 years of
age.

3.2 Design task

The students were asked to design a product that supports the designer during different stages of the design process
by facilitating design tasks like e.g., brainstorming, sketching, planning and prototyping. The product had to be able
to adapt to those different stages. Hence, it had to be a configurable and adaptable system that was easy to use, easy
to assemble, easy to disassemble and self-explaining to the users (design for meaning was an important point of
attention here). The students were asked to carefully consider the materials in relation to the function, shape and
processing techniques refering to Ashby (2017, p. 10). They also had to consider how shapes, materials and



production techniques would change when they would upscale their product and how it should be designed to fit
mid- and high volume production series. The students had to consider how design for meaning was affected from the
changes due to the upscaling and how they could counter this.

3.3 Deliverables

The students had to produce a prototype of their product in the do-it yourself context (the prototype actually was the
product within this context). It had to be completely functional and facilitate user testing. For the small to medium
batch sizes they had to design their product entirely in CAD (computer aided design) software, resulting in 3D
models and 2D technical drawings. A final report ( including the technical development, a production plan, an
investment plan and how the framework was used to make it self-explaining) was also requested.

3.4 Procedure

A timeline, illustrated in Fig. 2, summarizes the course of the project. In the first of the twelve weeks, the students
were randomly divided in design teams (3 to 4 students and resulting in 8 design teams), all designing one product.
These students were all in their third year Academic Bachelor within a four years education program and were used
to teamwork in design projects, which is important for PBL to be an effective learning environment (Frank et al.
2003). The design task and deliverables were explained by using a project sheet, and the students received a lecture
on affordances and product semantics. Affordance theory was explained by using real world examples while
explicitly referring to the work of Norman (1988, 1999, 2013), Gaver (1991), Maier and Fadel (2009) and Pols
(2012). Product semantics and conventions were explained to them using real world examples and referring to
literature on product semantics (i.e., the work of Krippendorff and Butter [1984]) and conventions (i.e., the work of
Donald Norman [1999]).

& o N
& o AP
¥ O <

@ N S o
&% O &Y
& & & S
N & @
O \0 \% > o _@".{\Q
W & NS
@oﬁ “@Q 8} Q-r*g‘\e' (\q Ej:a
SO & © o O
oY Rl
¥ il ) &~ & et
& & 2 N Y o
Fale® Lo S O
\ & o R ) D o
b’Q 668. b‘bo \é;é\_(}\\ K\\% «’b ’ (\Q‘b ('}\(‘ A ©
F i o & 2 S
To? T $9° 8 oo o'
@ &be’c'}\o A
@ &N @ @ o
&P O o ®
FE Lo N &F Lo
N2
o s &

week 1 2 3 4 5 6 7 8 9

Fig. 2 Timeline of the project within the course (lecturer activity in bold)

Every week the students could consult the two lecturers who took on the role of a mentor and facilitator (guiding and
helping the students to construct knowledge) which is in line with the approach described by Frank et al.(2003) to
integrate PBL in engineering courses. In the first weeks, students started brainstorming on their products, sketching
ideas, making first prototypes and iterating on these prototypes. In the third week, the students had to present a first
concept of their product by means of a prototype. At that time, the typology table (i.e., Table 1 with exception of
minor changes that were made for the purpose of clarity in this paper) and the scheme in Fig. 1 were explained to
them. This was after finalizing the concept of their product because at least a concept of a product is needed to
complete Table 1 and to define a potential pathway as illustrated in Fig. 1. During the following weeks, the students
engaged in several design iterations of diverging and converging (i.e., cycles of generating ideas, selecting ideas,
generating solutions, selecting solutions) in the different design stages.



In week 6, all groups implemented user-testing with multiple users. Since all groups chose to design a product that
facilitates the designprocess for design students, they selected multiple design-students (not following this course and
hereafter always referred to as users), to use their product. These users were all experienced with design projects and
were working on design projects at the time of the user testing. The students only explained to the users that it was a
tool designed to facilitate the design proces. This is the kind of information people have before reading the user-
manual, people know what the product is for. The users were invited to explore all the potential functions of the tool
by means of a functional prototype. The students then analysed the actions of the users without intervening, and
interviewed the users based on the observed interactions. The students were asking questions in order to understand
why the users engaged in certain actions (in order to identify the semantics that trigger the user to engage in these
actions). These user-tests eventually helped the students to verify if the desired perceptible affordances were actually
perceived, and whether the product contained undesired perceptible affordances, false affordances or hidden
affordances. It also indicated wheter or not the actions were triggered semantically and which product semantics
were clear to the users.

The results of their user testing were presented to the other groups in week 7. By presenting in group, we allowed the
groups to learn from each other and to share potential solutions. In the weeks following, several design iterations
were completed where besides affordances and product semantics also material and production processes were
considered in relation to the design, the cost and the lot size. New prototypes were made which 5 out of the 8 groups
used in another round of user testing.

Finally the results were presented in week 12 and the prototypes, reports and drawings were handed in. Two weeks
later there was an oral examination in which 16 students received a question referring to the framework offered to
them on affordances and product semantics. By examinating the students, an individual level of understanding the
framework could be evaluated, indicating also a more general level of the group. The ability to use the framework
could be evaluated by means of the reports and products. Nevertheless, by examining students and evaluating reports
and products, the attitude from the students and the perception of usability towards the new framework was not
evaluated. To evaluate this, the students were asked after the examination to fill in a survey asking them to evaluate
the added value, the applicability, etc. of both the concept of affordances and product semantics within the given
framework. The survey presented 14 statements that can be generalized and categorized into 4 groups. The first
group of statements assessed the perception of their proper understanding of the underlying theories. The perceived
added value of the framework for the design process was assessed by a second group of statements while the third
group assessed the attitude towards user testing when applying the framework. Finally, a fourth group of statements
tackled the practicality and ease of use of the framework. As a consequence, the answers on these statements could
offer insights on how the framework and its use is perceived by the students during a project-based learning course.
The survey was constructed using a five-point Likert scale where they also could add comments to several questions
asked.

The survey was anonymous in order not to influence the answers and to allow the students to give their own opinion.
As a consequence, it is not possible to compare between the different design teams. This differentiation however was
not needed since the aim was to gain general insights. The anonymous aspect was considered much more important
in order not to bias the results of the survey. In the following result section some examples of how the students used
the framework will be discussed and the answers of the students on the survey will be shared.

4 Results
4.1 Students using the framework

The intention of the framework is to engage designers to consider design for meaning during the embodiment design
phase, i.e., the design phase according to Pahl et al. (2007), where the design is developed in accordance with
technical and economic criteria and starting from a principle solution or concept. This can help the designer to design
products of which the intended use is promoted and incorrect usage is discouraged. In this first result section, we will
discuss how the students used the framework within their design projects.

The students were given the Typology Table (i.e., the left-hand side of Table 1) to help them to consider, analyse and
categorize the affordances. In Table 2, an overview, based on the reports of the students, is given on the use by the
different design teams, of the different triggers mentioned in Table 1. Based on the reports of the different teams,
only 3 out of the 8 teams used the table literally to analyse their affordances. The other groups however, also used the
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input presented in the table, but only reported on the use of certain elements. It was also expected that some groups
would not use the table to the letter. After all, designers are trained to think outside of the box and want to make their
own choices. Nevertheless, the framework offered, invited them to consider affordances more explicitly without
forcing them. Considering the use of the framework by the students and more specific the use of the typology table,
one can perceive it as a framework rather than a tool. Also, the amount of iterations of user testing, again based on
the reports of the students, were included in Table 2. When the groups used Table 1 or a derivative table (e.g.,
simplified from the original) to consider the identified affordances, a letter X was marked in Table 2. When the
teams considered the identified affordances less formally (i.e., more intuitively without making use of a table or
other fixed format, not considering every possibility, trigger or question), a letter I is marked in table 2. As a
consequence, Table 2 illustrates that 3 teams (i.e., teams 1, 4 and 7) used Table 1 in a systematic manner. Based on
their reports, these teams considered for every identified affordance all elements of Table 1. Other teams only used
parts of this table (i.e., teams 3, 5 and 8) or did not use any table format (i.e. teams 2 and 6). These teams all reported
on the elements of the table that were required to define the pathways to alter the affordances (i.e., to use the scheme
in Fig.1). This could suggest that they found these elements more relevant to their project than the other elements.
Regardless of the use of the Typology Table, all design teams reported on how they described, analysed and
categorized the affordances. Even more, all the teams considered the current and desired affordance types by
separating the perception from the affordance itself as proposed by Gaver (1991) (i.e., resulting in PA’s, FA’s HA’s
and CR’s) and discussed also whether the affordance itself was positive or negative (i.e., the polarity of affordance).
These two considerations were also indispensable when the students wanted to use the scheme of the potential
pathways between the affordance types (i.e., Fig. 1) to identify potential pathways to change the affordance itself or
its perception. By offering the table as a tool and not obliging the students to use it, one can gain insight on if and
how it is used.

Table 2 Reported rounds of user testing and overview of how the teams reported on the different elements in table 1:
(X) by using the table, (I) reporting but without using the table or () not reported at all

Design team 2 516
Description I X |1
Level (manipulation / effect / use)

Type (AUA or AAA, see Maier and Fadel [2009])
Nested (Yes/No)

If nested, depending on affordance(s) No (s):

Sequential (Yes/No)

If sequential, following on?

Polarity of affordance?

Current type (categorization according to Gaver [1991])
Desired type (categorization according to Gaver [1991])
Pathway to change between the types

How?

Picture, product semantics

Rounds of user-testing
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Despite the differences between the teams when considering the affordances (i.e., formally, following a method or
more intuitively considering only the elements that are thought to be relevant), all teams followed the same steps.
This was not only concluded out of the reports but was also observed during the weekly consults with the teams.
Prior to the user testing phase, the teams only described and categorised intended affordances, which already
triggered them to consider things more in depth (in some teams e.g., sequential and nested relationships between
affordances). However, at this stage, the teams described the affordances as they intended them to be. Which is in
line with designed artefacts having a “ designed purpose” (Burlamaqui and Dong 2015) and intended affordances
(Brown and Maier 2015). None of the teams considered non-intended use or non-intended affordances before the
user-testing phase. All the teams relied on the user testing to point out the unintended affordances and the difficulties
with the intended affordances (i.e., physically or semantically). As a consequence, the second step (i.e. the user
testing phase) was important for the teams to improve their products. All teams used prototypes to test their product
with the users and gathered insights from these user-tests, resulting in design changes (i.e., the third step). There
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were no teams without design changes, so the user-tests helped to reveal the otherwise unnoticed difficulties. During
this third step: semantics, constraints and conventions were used to change the affordances or their perception. Seven
groups described the pathways to change the affordances, four of them did this formally using the table format,
explicitly referring to the model (i.e., Fig. 1). Some groups stopped after these design stages (i.e., 3 out of 8), other
groups however iterated even further and engaged in new user testing, refining bit by bit their product. One group
even engaged in 4 rounds of informal user testing to validate their design changes. During these iterations,
affordances themselves or their semantic triggers were altered to improve the usability of the product. The groups
reported on the pathways followed to alter these affordances (i.e., according to Fig. 1) by describing how the
affordance (i.e., by adding or removing constraints) or its perception (i.e., by adding or removing semantic triggers)
was altered. Sometimes two pathways were combined to alter the affordance, e.g., undesired PA’s were changed in
FA’s in order to make the undesired action impossible. But also the semantics were changed, changing the FA in a
CR. Eventually 44 pathways used by the groups (only the pathways that were reported unequivocally in the team
reports were taken into account) were compared. The number of times that a pathway occurred was compared when
possible (i.e., properly reported by the students) and is illustrated in Fig. 3.

Fig. 3: the occurrence of different pathways to alter affordances, based on the reports of the students during their
design project.

Changing HA’s into PA’s is most common (i.e., 48%), followed by changing FA’s into PA’s (i.e., 16%), PA’s into
HA’s (i.e., 11%), FA’s into CR’s (i.e., 11%), PA’s into FA’s (i.e., 9%) and HA’s into CR’s (i.e., 5%). These
pathways can also be categorized in different ways (e.g. whether the affordance is desired or undesired).

Pathways that are taken when a desired affordance is not perceptible (i.e., HA’s to PA’s) or feasible (i.e., FA’s to
PA’s) form 64 % of all the pathways that were needed to improve the product. So a majority of the actions are linked
to intended affordances that are not perceivable or feasible for the users. The remaining 36% are linked to undesired
affordances. Another categorization can be made in the type of changes, 70% of the changes were made semantically
(i.e. 48%+11%+11%) and 30% were made by adding or removing constraints (i.e. 16%+ 9%+5%). Nearly half
(i.e.,48%) of the pathways that were clearly reported were changing HA’s into PA’s when the affordance itself was
desired. This pathway is used when intended affordances are unclear to the users and semantics must be changed to
improve the perception of the affordance. The pathways discussed up to now, were all in line with the model
described in Fig. 1. However, some groups also reported how, for some affordances, the typology of the affordance
was changed, without altering the affordance itself (e.g., a negative perceptible affordance could become hidden by
promoting another desired affordance). This competitiveness of affordance perception (i.e., when affordances
become hard to perceive when another affordance draws the attention) and the concept of the perceptual threshold of
affordances was presented by Lu and Cheng (2013). In the following examples some of the design changes are
shown and linked to these pathways.

12



Table 3 Examples of solutions found by the students during the project

Pathway

Description Initial

@® @

The paper is hidden inside a narrow slot and
it was not clear that the paper could be taken
out of the slot.

Solution: change the perceptual cues

- The depth of the slot was changed so the
paper was sticking out.

- A clear and visible round cut-out was added:
indicating the position to grasp the paper.

!

®
®

The slot was too narrow for some users to
grasp the paper. (too narrow for their fingers)
Solution: remove constraints

- The depth of the slot was changed so the
paper was sticking out.

- A round cut-out was added, providing more
room to grasp the paper.

:

®
®

The belt design allowed the user to carry the
bag as a back-pack. This was undesired and
as a consequence was a negative PA.

(it was meant as a shoulder bag)

Solution: add constraints

- The straps were redesigned so they are held
together by a Shoulder rest, avoiding the use
as a back-pack.

N6
® ®

The final shoulder rest also has a semantical
function. The fact that there was only one
shoulder rest together with its position on the
belt indicated that it was not intended to carry
the bag as a backpack. The semantic trigger
of using it as a back-pack (i.e., two separate
identical straps) was removed. The FA from
the preceding step was changed in a CR.

®<®
® ®

Another product had two different connec-
tions. Straps that were glued to a rigid felt
board and straps that were fixed with a hook
and loop fastener.

Due to their similar look users tried to loosen
the glued straps.

Solution: change the perceptual cues

- A familiar cross stitch pattern was added to
the glued connection. Semantically triggering
the user to understand that this connection is
fixed. The FA was changed in a CR.

4.2 Students evaluating the framework, results of the survey.

The aim of the survey was to gather insights on how the framework and its use was perceived by the students during
a project-based learning course. All statements were rated on a five-point Likert scale where the students could add
comments to several of these statements. The statements are categorized in 4 different sets namely assessing the
perceived understanding of the framework (1), the added value of the framework (2), the attitude towards user testing
(3) and the practicality and ease of use (4). These numbers referring to the set of statements can be found in the outer
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right column (SET) of Table 4. In this Table 4 we share the statements and the answers by showing the mean values
and the standard deviations of the student responses. The number of participants for every statement is also included.
Some students also made some additional comments on the statements. Due to the amount, we cannot add all these
additional comments in the table. Some comments of students who answered close to the mean value of the answers
were therefore selected because these comments can probably bring forward shared opinions. Some comments that
differed from this majority were, when available, also included. All these comments were added, numbered and will
be addressed in the discussion section.

Table 4 Results of the survey. The statements and additional comments were translated from Dutch

Statements M Scale label SD | N | SET
I | Tunderstand how affordances can be classified and how they 4.21 | 4 = agree 0.42 | 26 1
can be altered. 5 = totally agree
2 | Explicitly considering affordances and product semantics 4.15 | 4 = agree 0.61 | 26 2
makes our product more user-friendly compared to solutions 5 = totally agree
that were only intuitively designed.
3 | Classifying affordances is very valuable to gain new insights 3.77 | 3 =neutral 0.65 | 26 2
and to discover problems. 4 = agree

>

3C1 agree: “ It forces you to think about it and offers you a kind of manual to prevent undesired situations.”,
3C2 totally agree: “ It makes you analyse more consciously during the user test.”, 3C3:“ It helps you to define
the problem and indicates what can and should be changed.”, 3C4 agree: *“ It sometimes indicates things that
you wouldn’t consider at first sight.”, 3C5 agree “ We found solutions that we didn’t think of before”, 3C6
neutral: “there is an endless amount of affordances, there is no need to consider them all”, 3C7 neutral: “ it
has benefits, but in my opinion insights can be gained through user-testing without the need to consider the

affordances.”

4 | As a designer, we can evaluate and classify affordances 2.31 | 2 = disagree 1.05 | 26 3
sufficiently by methodological analysis, iterative user-testing 3 = neutral
is not necessary.

4Cl1 Disagree: “user-testing is absolutely necessary”, 4C2 Disagree: “user testing is very important to see
how users engages with the product and experiences the affordances.”, 4C3 Disagree: “users create

s

unexpected interactions”, 4C4 Agree: “It is not necessary, but it is advisable to do testing.”

5 | Analysing product semantics is very valuable to gain new 3.96 | 3 =neutral 0.72 | 26 2
insights and to discover problems 4 = agree

5CI1 completely agree: “it is valuable when the correct semantics can be achieved / designed.” 5C2 agree:
“over-analysis makes no sense.”

6 | As a designer, we can evaluate and classify product semantics | 2.40 | 2 = disagree 0.94 | 26 3
sufficiently by systematic analysis, iterative user-testing is not 3 =neutral
necessary.
6C1 Disagree: “testing is always necessary / useful”, 6C2 Neutral: “It is not necessary, yet advisable to test.”
7 | Classifying affordances according to the polarity (positive or 3.48 | 3 =neutral 0.70 | 26 2
negative) is very valuable and offers new important insights. 4 = agree

7C1 Neutral: “Positive or negative is so obvious, I think that few new insights come to light.” , 7C2 Neutral:
“Positive and negative polarity is automatically taken into account”, 7C3 Agree: “It gives a clear view on

what should be approved”
8 | Classifying affordances in relation to a user or another artefact | 3.27 | 3 = neutral 0.83 | 26 2
(AAA or AUA) is very valuable and offers new insights. 4 = agree

8C1 neutral “ it is obvious, not really an added value”, 8C2 agree “ it forces you to consider different
possibilities, this can never be disadvantageous.”

9 | Classifying affordances in the types: Perceptible affordance 4.21 | 4 = agree 0.66 | 24 2
(PA), False affordance (FA), Hidden affordance (HA) and 5 = totally agree
Correct Rejection (CR) is very valuable and offers new
insights.

9C1 totally agree: “certainly, it creates an overview”, 9C2 agree: “It makes sure that you try to tackle
problems in different ways.”
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10 | Finding solutions to change the affordance types (PA, FA, HA | 2.96 | 2 = difficult 0.55 | 24 4
and CR) was very difficult, difficult, not difficult and not easy, 3 =not difficult
easy or very easy? and not easy

10C1 not difficult & not easy: “it depends on the affordance, some were difficult, others were easy”, 10C2
not difficult & not easy: “we had different potential solutions, however which solution was the best was hard
to define.” 10C3 easy: “easy by using semantics and constraints”, 10C4 difficult: some aspects are difficult
to consider as a designer, external input is mandatory.

11 | It is mandatory to validate the solutions found to change the 4.04 | 4 = agree 0.64 | 24 3
types (PA, FA, HA, CR) with users. 5= totally agree

11C1 Agree: “some adaptation can induce new problems or are not fixed correctly”, 11C2 Totally agree
“everything needs to be tested, of course within the possibilities of time and cost”

12 | Affordance theory and Product semantics are to theoretical 2.37 | 2 = disagree 0.77 | 24 4
and difficult to use in practice. 3 = neutral

12C1 Disagree: “Difficult subject, but certainly an added value within the toolset of a designer.”, *“ Many
testing is needed, so many possibilities.”, 12C2 Neutral: “after some examples it becomes clear how to apply
the theory.””, 12C3 Agree: “more practical examples are needed”

13 | I felt that I could analyse the product and draw decisions 3.54 | 3 = neutral 0.59 | 24 2
based on intuition. 4 = agree

13C1 Neutral: “A part is intuition, but affordances have certainly helped.”, 13C2 Agree: “My intuition helps

me quite often to find a solution, this solution however could be better if I would do a theoretical reflection.”,
13C3 Neutral: “ you sometimes overlook things”, 13C4 Disagree: “affordances helped a lot”

14 | The scheme (in this paper: Fig 1) is clear to me. 4.25 | 4 = agree 0.53 | 24 1
5 =totally agree

The categorization of the statements in 4 different sets (i.e., assessing the perceived understanding of the framework,
the added value of the framework, the attitude towards user testing and the practicality and ease of use) helps us
relate the answers to these sets and gather additional insights. In the following overview we will discuss for these
sets how the statements can be evaluated by considering the means of the answers supported by additional comments
of students. A selection of the additional comments can be found in Table 4 and the same numbering referring to
these comments is used below.

Statements 1 and 14 assess the perception of student’s own understanding of the underlying theories.

When looking at the results in Table 4, the means of the answers on both statements (i.e., M =4.21 and M = 4.25) are
situated between agree and totally agree. This indicates that the students consider themselves quite familiar with the
theories and the framework. This is also in line with the results of the examination where 94% (rounded value of 15
out of 16) of the students who received a question concerning the framework passed this question.

The added value of the framework was generally assessed by statements 2, 3, 5 and 13. This in relation to solutions
that were designed intuitively (i.e., statement 2 and 13) and in relation to new insights and problem solving (i.e.,
statement 3 and 5). Because of this difference, these pairs are discussed separately. Considering the first pair, one can
see a clear difference between the means of the answers (i.e., M =4.15 and M = 3.54, respectively) The mean of the
answers on statement 2 (i.e., M = 4.15) clearly indicates an agreement. So a big majority of the students (23 out of
the 26 students, i.e. 16 agree and 7 totally agree) agrees that explicitly considering affordances and product semantics
improves the usability of a product in contrast to solutions that were found solely on intuition. This is a crucial
finding because it indicates that the framework is considered valuable by the students to increase the usability of the
product. However, the mean of the answers on statement 13 (i.e., M = 3.54) shows a somewhat different picture.
Here a majority of people (23 out of the 24 students) answered neutral (9 students) or agree (14 students). This
indicates that they consider themselves rather capable on drawing conclusions merely on intuition. Additional
comments (i.e., Comments: 13C1, 13C2 and 13C3) on statement 13 also support the added value of the framework
and give the necessary nuances (e.g., “to find better solutions when reflecting more theoretically”). One comment
here also indicated that “affordances helped a lot”. The means of the answers of the students on statements 3 (M =
3.77) and 5 (M = 3.96) were quite similar and closest to an agreement. This indicates that a majority of the students
agree that the framework offered to them, where affordances were classified and product semantics analysed is very
valuable to offer new insights and to discover problems (specifically, 17 students on statement 3 and 19 students on
statement 5 agreed or totally agreed, both on a total of 26 students). This is also supported by some additional
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comments given by the students on statements 3 and 5 (see e.g., comments: 3C1, 3C2, 3C3, 3C4, 3C5 and 5C1).
Some students responded more neutral but were also giving interesting comments (i.e., comments 3C6 and 3C7),
e.g. highlighting the amount of affordances and the inability to analyse them all.

Statements 7,8 and 9 also assess the added value of the framework, but more specifically by making statements on
different types of classification (i.e., polarity of affordance, AAA or AUA and the types PA, FA, HA and CR).

When comparing the means of the answers on these statements, also here differences can be found. Responses were
more neutral (i.e., M = 3.27) towards the classification in AAA’s or AUA’s, between neutral and agreement (i.e., M
=3.48) for the polarity and with a clear agreement (i.e., M = 4.21) for the classification in PA, FA, HA and CR. As a
consequence, classifying affordances in PA’s, FA’s, HA’s and CR’s was agreed with (21 out of 24 students agreed or
totally agreed) to be most valuable for offering new insights. This is also supported by additional comments given by
the students (e.g., comments 9C1 and 9C2). On the statement on polarity, the quotes of the students also indicate the
neutral to positive attitude towards this classification (e.g., comment 7C3). Even more, they indicate that this
classification is so obvious that it sometimes looks unnecessary to consider it explicitly (e.g., comments 7C1 and
7C2). Similar comments (e.g., comment 8C1 stating that “it is obvious, not really an added value”) and conflicting
comments (e.g., 8C2 stating that “it forces you to consider different possibilities, it can never be disadvantageous”)
can be found for the classification between AAA’s and AUA’s. The results show that the classification according to
Gaver (1991) (i.e., PA, HA, FA, CR) is considered more valuable than other classifications. However, the other
classifications also prove to be valuable to a substantial group of students, but are by some students evaluated to be
self-evident and therefore less interesting to consider explicitly. This is also in line with the results presented in Table
2.

Statements 4, 6 and 11 try to evaluate the attitude towards user testing versus an evaluation solely by the designer.
The means of the answers of statements 4 (i.e., M =2.31) and 6 (i.e., M = 2.40) both show a trend toward the rather
disagree point of the scale, but were negatively worded and should hence be reverse scored to interpret. We worded
these two items reversely to avoid response bias. The mean of the answers on statement 11 (i.e., M = 4.04) indicates
agreement. All answers on these statements indicate that user testing is considered by a majority (on all three
statements) of the students as something essential, which is also reflected by the additional comments of the students
(e.g., comments 4C1, 4C2 and 4C3). One student commented (i.e., comment 4C4) that user testing is not mandatory
but recommended.

Finally question 10 and statement 12 try to evaluate how easy it is for students to use the framework. The mean of
the answers on question 10 (i.e., M = 2.96), that assesses the ease of finding solutions to change the affordance types
(PA, FA, HA and CR) are closest to the scale midpoint (i.e., not difficult and not easy). So a majority of the students
finds it feasible to find solutions (20 out of the 24 students, i.e.17 not difficult nor easy and 3 easy), that is, they do
not consider it too easy nor too difficult. This is also reflected by the comments added to the answers (e.g., comments
10C1 and 10C2). Some indicate that it depends on the affordance itself (e.g., comment 10C1). Some students
however found it easy to use (e.g., comment 10C3) while others found it difficult (e.g., 10C4). Statement 12
evaluates if the students find the theories of affordances and product semantics to theoretical and hard to use in
practice. This statement refers to the framework offered to the students. The mean of the answers here (i.e., M =
2.37) is between disagree and neutral and closer to a disagreement. So a majority of the students (17 out of 24
students, i.e., 16 disagree and 1 strongly disagrees) disagree with the statement and do think that the theories are
usable in practice. This is also illustrated by the comments of the students who answered disagree or neutral (e.g.,
comments 12C1 and 12C2). Also interesting to that respect were also the comments of students who agreed on the
statement (only 3 out of the 24 students) and indicated that they needed more examples from practice (e.g., comment
12C3).

5 Discussion, future research and limitations

From the reports, we can conclude that during analysis of the affordances, certain aspects are considered less in
depth or less frequently than others. Polarity of affordance, the typology according to Gaver (1991) and how to
change these types (i.c., the pathways to change as illustrated in Fig. 1) were considered the most. This
categorization is also mandatory in order to use the model (i.e., Fig. 1). More striking was the finding that none of
the groups reported on how they avoided certain un-intended affordances at this first step (i.e., considering the un-
intended affordances before user-testing). All groups only considered the intended affordances in this first step. This
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is an indication that the groups were not triggered to consider unintended affordances. The triggers, questions and
attention points in Table 1 should therefore be re-evaluated and triggers should be included to consider unintended
affordances. However, the reports revealed that only 36% percent of the design changes were linked to undesired
affordances, and 64% of the design changes were needed because intended affordances were not perceptible or
feasible. Moreover, 70% of the changes made to improve the product were semantic changes. When considering
affordances and certain user-groups (i.c., design students), designers have less problems to identify the physical
abilities of these user groups. How people interpret certain things is less tangible and therefore more complex to
anticipate. The high percentage of semantic changes was especially related to the fact that 48% of the changes were
caused by desired affordances that were imperceptible to the users, i.e., they were apparently hidden affordances. As
a consequence, focusing even more on the perception of desired affordances and encouraging the designer to really
think through the potential perceptions is important and relevant to design easy-to-use products. Furthermore, despite
the fact that the typology table (see Table 1) triggers the designers to consider more desired affordances rather than
undesired ones, desired affordances not leading to action because not perceptible or not feasible is more prevalent
than potential undesired affordances. Subsequently, focusing on desired intended affordances must also be improved
within the framework, e.g., by adapting the typology table (see Table 1) when adding a question that asks the
designer to describe the semantic that makes the desired affordance perceptible. Some groups also found alternative
ways to alter affordances. They used the competitiveness of affordance perception to avoid undesired affordances by
highlighting the desired affordances and changing the affordance threshold as discussed by Lu and Cheng (2013).
One could argue that triggering designers to also consider the possibility of using this competitiveness is beneficial.
However focusing on desired affordances and increasing their perception has led intuitively to the same effect.

When evaluating the answers on the survey we can see that a majority of students reported that they consider
themselves familiar with the theories and the framework. Second, a majority of students reported to agree that
explicitly considering affordances and product semantics improves the usability of a product in contrast to solutions
that were found solely on intuition. Third, a majority of students reported to find the framework valuable to offer
new insights and to discover problems. Fourth, some classifications (i.e., PA, FA, HA, CR) within the framework are
valued higher than others (i.e., more interesting to consider explicitly). Fifth, user testing was reported by a majority
of the students as something essential or at least beneficial. And finally, a majority of students reported to find it
feasible to use the framework and not too theoretical but applicable in practice. Nevertheless, in order to be able to
use the framework it should be explained together with affordances and product semantics which was done in this
case study.

Future research concerning the framework should therefore increase focus on the semantic axis within the proposed
model, encouraging designers to consider the semantics very carefully. Nevertheless, the students clearly value the
framework and the guidance it offers. A potential limitation here could be social desirability bias, however all
possible measures were taken to limit and avoid this potential bias (e.g., by taking the survey anonymously, reverse
wording, etc.). The students also prove the practicality of the framework by applying it in their projects. However,
some students commented (e.g., 12C2 and 12C3) that more practical examples could be of value. The given
examples were examples on how to analyse and categorise affordances and examples of product semantics. They did
not receive a case where a product was completely analysed and product semantics and constraints were used to alter
the affordances. A complete example illustrating how to use the framework could therefore be preferable. However,
it is not the goal to impose a method, rather to let the students experience how to use it within a project. The
framework could also be of interest for other designers willing to design for meaning. As discussed by Boess (2009,
p- 314) “The designers take it on as their responsibility to make judgments about appropriate meaning”. The
framework can potentially support them in making those decisions, like it also supported the students (see e.g.,
comments 3C1 — 3C5). Comment 3C1: “ This forces you to think about it and offers you a kind of manual to prevent
undesired situations.” is a very interesting comment of a student. When we reconsider the interview study with the
designers, it came forward that some designers use the user manual as a design tool to really analyse and reflect on
the use of their product (Boess 2009). At this stage however, as discussed before, these insights come more or less
too late for designers because it is not feasible anymore to implement big design changes, so the manual must
compensate for the design flaws. Considering the comment of the students, experiencing the framework as helpful to
anticipate undesired situations and other comments made by students, the framework definitely triggers students to
reflect more on the use and the affordances during the embodiment design phase. As a consequence, it potentially
highlights problems that still can be tackled throughout the design of the product rather than through the design of
the manual. Having a framework that helps to consider design for meaning in an early stage is a first step, having the
possibility to use it is something else. Time pressure, cost pressure and other constraints leave according to some
designers no or limited possibilities to consider anticipated use in depth (Boess 2009). Future research is definitely
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needed here not only to first test the framework with designers working in industry but also to integrate it within the
design process. Another issue is the possibility of designers to do proper formal user-testing. From the interview
study with the designers it came forward that designers are rarely closely involved in formal usability testing.
Instead, they are used to informal testing with colleagues, themselves or family (Boess 2009). Nevertheless, the
design adaptations after user testing and the results of the survey illustrate the value of user-testing. Future research
is also here needed to know how much user testing is needed. Some groups only did 1 user-test, others did 4.
Limitations here were the rather small group size of 26 students from one university and one education program
(resulting in 8 design teams), the difference between the products, the uncontrolled creativity of the design process
and the individual differences between people (personality, competencies, etc.). This makes it difficult to generalize
the results. Nevertheless, a benefit of working with students is that research can gather insights that relate
immediately to education. A drawback however is that conclusions cannot be extrapolated to designers in industry.
Experience of the designers and the context they are working in, are defining aspects which need additional research.

6 Conclusion

Both the results of the design projects and the results of the survey suggest that it is feasible and valuable to use a
framework to design for meaning. The results also suggest the value to integrate these theories in education
programs, especially when a framework is offered that makes it directly usable in project-based learning. The
framework invites the students to consider affordances more in depth and offers pathways to alter them when
needed. It is a framework because it offers triggers, insights and potential pathways without imposing a method, still
leaving flexibility to the designer to decide what is interesting, relevant or mandatory. This is also illustrated in the
result section (i.e., Table 2) where not all triggers / attention points were always considered. This also came forward
from the survey. Nevertheless, the results of the survey also suggest that a majority of the students agree that the
framework was very valuable to offer new insights and to discover problems. Out of the different user-tests it was
found that desired affordances, not leading to the desired actions, are mainly due to the inability of users to perceive
or interpret the available semantics or the lack of appropriate semantics. This was, considering the different user-
tests, the most common reason of desired affordances not leading to any action. Further research is needed here to
iteratively improve the framework in order to decrease the differences between designers expectations and user’s
interpretations (e.g., by researching how contextualisation of the use environment can be improved during the design
stage). The presented results suggest that integrating theory on design for meaning together with offering students a
framework to apply this theory during a project-based learning course is valued by the students. The results also
illustrate how the framework was used by the students and how it helped them to improve their products. These
results clearly give arguments to integrate these theories in design education programs and to develop frameworks to
implement them during project-based courses.
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