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Abstract
Understanding the reasoning in the design process is essential to comprehend design prac-
tice and promote students’ learning. Followingly, to effectively support students through 
the design process, it is crucial to pay attention to their reasoning.  Therefore, in this study, 
we have built a model for students’ reasoning in the design process in technology education 
to be used as a utility in further research. Here, reasoning is viewed as the process of using 
premises to reach a conclusion. Drawing from philosophy of technology and philosophy 
of technology education, the model introduces relevant concepts that are particularly use-
ful in technology education. The model incorporates two types of reasoning: means-end 
reasoning and cause-effect reasoning. Means-end reasoning involves identifying actions to 
achieve a desired end. While cause-effect reasoning leads to conclusions in the form of 
beliefs about causes, effects, consequences, and side-effects, which is important when pre-
dicting and evaluating in the design process. The model highlights the interplay between 
these two types of reasoning, where students would constantly move between them in the 
design process. The model involves a holistic view of the reasoning and the design process, 
rather than taking a purely instrumental approach. That the model fuse two types of reason-
ing, makes it applicable at any point in the design process and across different contexts in 
technology education. Overall, the model provides a comprehensive view of reasoning in 
the design process in technology education.

Keywords Technology education · Design process · Means-end reasoning · Cause-effect 
reasoning

Introduction

There is one significant difference between the purpose of designing and the purpose of 
designing in technology education. In general, designing means to transform a situation 
into something that is considered better (Wikberg-Nilsson et al., 2021), where the result 
is the final goal. In education, the purpose is for students to learn and with regards to 
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design that means that they should learn about, to and from design (e.g., Seery et al., 
2022). This enforces the notion that design in technology education should not be 
reduced to just its doing and production of technology—as that is not the purpose of 
education. Concurrently, designing is complex. The design process encompasses what 
can be seen as an infinite number of choices and considerations (e.g., Rittel, 1987). To 
be able to navigate within the design process and for teachers to be able to support 
their students, focus should be given to the student’s reasoning within the design pro-
cess. Making sense of the reasoning in design is important to understand design practice 
(Cramer-Petersen et al., 2019) and thus, this is important to drive students’ learning. In 
line with this, de Vries (2016b, p. 83) emphasizes that “teaching about ethical and aes-
thetical aspects of technology should be aimed at helping learners to develop their own 
opinions in a proper way by using proper reasoning”. However, reasoning is a broad 
concept that assumes shifting forms depending on what field claims the definition. In a 
broad sense, it is often meant to describe a thought process behind a conclusion, where 
the conclusion can be a decision, a problem solution, an action, a belief or similar (e.g., 
de Vries, 2016b; Evans et al., 1993; Harman, 1986). The conclusion within reasoning is 
preceded by premises, upon which the conclusion is drawn (Walton, 1990). This is also 
the point of departure for the concept of reasoning in this article.

Within curricula for technology education around the world, there is explicit focus on 
reasoning in some countries and implicit in others. For example, within the Swedish and 
the New Zealanders curricula, reasoning is explicitly mentioned as a grading criteria or 
achievement objective (Ministry of Education, 2018; Skolverket, 2022). Yet, what rea-
soning entails within the design process in technology education is vague, mainly stem-
ming from that what reasoning in design practice is has been up for discussion for the 
last decades. The discussions have been carried out somewhat parallel within the fields 
of design research and philosophy of technology (Kroll & Koskela, 2016; Quintana-
Cifuentes, 2022), where different descriptions of the reasoning in the design process 
have prevailed depending on the field of origin. Within the field of design research, the 
focus has been on the form of the reasoning, where abduction has been concluded as 
the main reasoning in the design process, usually referred to as design reasoning. With-
ing the field of philosophy of technology the fundamental reasoning within the design 
process has been identified as means-end reasoning (Kroes, 2009). This stems from the 
notion that the design process involves going from a need or desire to a finished design, 
which involves finding means to a final end. With its grounds in philosophy of technol-
ogy and engineering (e.g., Hughes, 2009) this means-end reasoning is often referred to 
as technological reasoning (e.g., Alamäki, 2000; Dusek, 2006).

The aim of this study is to provide a theoretical framework for reasoning in the 
design process in technology education through a model. The purpose has not been to 
provide a completely normative- or descriptive model. Thus, the model is not a claim 
to reflect how students ought to reason and it does not claim to mirror how students are 
reasoning. However, through the lens of philosophy of technology and philosophy of 
technology education, the model contributes with concepts relevant to reasoning and 
that are especially applicable in technology education. Weber et  al. (2014) urged for 
that appropriate theoretical frameworks would be used in research to generate empirical 
results of human reasoning. Hence, the intention is that this model can be useful as a 
theoretical framework, a common ground, for studies and discussions about and within 
research of technology education.
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The design process, reasoning and technology education

In a wide definition the design process can be seen as consecutive actions made to reach 
a final goal of a mission (Wikberg-Nilsson, 2021). The available definitions of the process 
are numerous and descriptions of what the design process entails varies. Drawing from 
the theory of the dual nature of artefacts the design process can be seen as the process 
where the designer realizes a desired function as an artificial object (Kroes, 2012). Never-
theless, the design process is most often illustrated as consecutive steps. The design steps 
in technology education usually follow the symmetry: problem analysis, generating solu-
tions, detailed design and lastly, prototyping, while in for example the engineering design 
process, the process would continue with manufacturing and production (Norström, 2016). 
The process is most often described as starting with a problem (e.g., Citrohn et al., 2022). 
Although Norman (2013) emphasises that the design process does not start there. It starts 
with understanding “what the real issues are” (Norman, p. 218).

The reasoning within this process have been investigated to a large extent within for 
example design research. In general, this research has had its focus on investigating design-
ers’ reasoning, where e.g., Cramer-Petersen et al. (2019) could distinguish an abductive-
deductive prevailing pattern among participating designers. In technology education how-
ever, reasoning within the design process has not been investigated to any great extent. 
Nonetheless, Daugherty and Mentzer (2008) synthesized research made on analogical rea-
soning and design. Analogical reasoning is a form of inductive reasoning which entails 
resembling one item to another. Their results were that expert designers use analogies 
when designing, but they concluded that further research should be made to investigate its 
implications for technology education. Furthermore, there are empirical studies that have 
explicitly investigated reasoning in technology education while not connected to the design 
process explicitly. Buckley et al. (2018) identified inductive reasoning as significant to fluid 
intelligence, arguing that thinking processes such as inductive reasoning should be of more 
focus in technology education. Thorsteinsson and Olafsson (2016) and Autio and Soobik 
(2017) have done identical studies investigating the level of students’ reasoning in technol-
ogy education in Finnish, Estonian and Icelandic schools. They let students answer a mul-
tiple-choice questionnaire and measured the students’ reasoning based on the number of 
right answers. They applied a general definition of reasoning yet defining it as technologi-
cal reasoning and concluded that the level of the students’ reasoning ability was fairly low. 
It can however be questioned whether they measured the students’ technological reasoning 
or the level of correct answers. This further strengthens the need for a conceptual model of 
reasoning in technology education.

Design reasoning as abductive reasoning

The different definitions of what characterizes design reasoning originate from the work 
of Charles Sanders Peirce (e.g., Dorst, 2011; Roozenburg, 1993) and his identification 
of a third form of reasoning, abduction. This third reasoning type differs from deduc-
tion and induction. In deduction, the conclusion is drawn from general knowledge and 
the conclusion is true as long as the premises are true. While in induction, a general 
conclusion can be drawn from observations. Abduction on the other hand, leads to a 
conclusion about the particular that is probable. Unlike the conclusion in deduction, the 
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conclusion in abduction is not necessarily true even though the premises are true, (see 
Table 1). This is why Harman (1965) named the theory of abduction as Inference to the 
best explanation, meaning that the conclusion in an abduction is what should be most 
likely but not necessarily true.

In design research abduction has many times been deemed as the only form of rea-
soning that can produce new ideas (e.g., Kolko, 2010). March (1976) suggested the 
PDI-model (production, deduction, and induction) as an iterative process to describe 
the reasoning in design. Within this model, the productive reasoning was innovative 
abduction. Roozenburg (1993) later drew on the ideas of March and described what he 
called innoduction, innovative abduction. He distinguished this form of reasoning from 
Harman’s (1965) explanatory abduction and inference to the best explanation, which he 
claimed were centralized to trouble shooting in the design process.

What characterize Roozenburg’s (1993) description of innoduction (see Table 2) is 
the notion that within this reasoning the premise of a rule, p → q, are in fact part of the 
conclusion as well. This means that this rule remains hypothetical within the reason-
ing. Within the case of deduction in Table 1 the rule “A diesel engine needs diesel to 
work” can be deemed as general knowledge. But within innoduction, such a relationship 
would be part of the conclusion. Roozenburg highlighted that innoduction would be the 
principal reasoning when generating a principal solution in design. But the analysis of 
the reasoning throughout the rest of the design process remained unaccounted for by 
Roozenburg.

In his influential work “The core of ‘design thinking’ and its application”, Dorst 
(2011) describes two types of reasoning as central in the design process, abduction-1 
and abduction-2. Here, abduction-1 is described in much the same way as Roozenburg’s 
explanatory abduction or Harman’s (1965) “inference to the best explanation”. While 
abduction-2 is comparable to Roozenburg’s innoduction (see Table 2). What is seminal 
in Dorst’s work, is the notion of describing this design reasoning as one single inference 
through the whole design process. This can be viewed as limiting as the reasoning in the 
design process is not captured in one inference. It would seem as if drawing one con-
clusion will automatically lead to the next, and the next, and so forth. Designing does 
not consist of once concluding what function and form will fulfill the desire. Thus, the 
design process does not encompass one decision, but indescribably many.

To not reduce the design process to one single inference, Kroll and Koskela (2016) 
described design reasoning as a double innovative abduction. They draw from Roozen-
burg’s (1993) innoduction but divide the inference into two steps. In the first step, the 
concept of the design is concluded. Kroll and Koskela (p. 130) define the meaning of 
the design’s concept as “the mode of action + the way of use”, meaning how the design 
will work combined with how it will be used. In the second step of their double innova-
tive abduction, the form of the design is the conclusion, while the concept is given.

The notion of design reasoning as different forms of abduction is still debated. There 
are what seems to be two themes within this debate, design reasoning described on a 
macro-level and on a micro-level (e.g., Dixon & French, 2020). Here, the prefixes macro 
and micro refer to at what level in the design process the reasoning were defined. At a 
macro-level the reasoning in the design process is viewed as a single inference, while 
at micro-level the reasoning is explored at specific stages in the design process. Dorst 
(2011) and Kroll and Koskela (2016) would seem to describe design reasoning on a 
macro-level. Roozenburg (1993) on the other hand seem to be in the in-between, as he 
upholds that the innoduction would be central when designing the principal solution.
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Technological reasoning as means‑end reasoning

Within philosophy of technology, means-end reasoning is many times regarded as the 
essential type of reasoning in the design process. Hence, it is often referred to as tech-
nological reasoning. This reasoning is one thing that contrasts technology from science, 
where scientific reasoning is often regarded as the essential reasoning type in the sci-
entific inquiry. This reasoning is different from means-end reasoning. Means-end rea-
soning is often referred to as a form of reasoning which results in actions (de Vries, 
2012). The reasoning starts with the desire of an end and through the reasoning, means 
to attain the end is identified. Hence, contrary to what the name suggests, the flow of 
means-end reasoning goes from end to means, while means are actions that accordingly 
will realize the end (see Fig. 1).

The structure of means-end reasoning in relation to technology has been investigated 
to some extent. With its origin in von Wright’s (1963) exploration of practical inference, 
J. Hughes (2009) suggests means-end reasoning fits well on the form of a syllogism:

Premise, q: Statement of a desire
Premise, p → q: Statement of a means to attain the desire (belief)
Conclusion, p: Conclusion to act or intention to act to attain desire

Although this model is straightforward and effective, it does not encompass all 
endeavours of the design process. The second premise fails to reflect the complexity of 
the design process. Accordingly, there most often will be multiple means to achieve the 
desire. Hence, J. Hughes (2009) distinguishes between necessary, sufficient, and optimal 
means. The characteristics of the means will depend on the nature of the desire, and 
hence also on the nature of the design process. Thus, if there is a desire for a bridge, a 
necessary means would be to build a bridge. A bridge would not, however, be necessary 
for the desire of transportation over a body of water. It can be argued that there would 
not be any necessary means for attaining this. Hence, in cases where the desire is impre-
cise, there may only be sufficient means. Building a bridge would be a sufficient means 
for the desire of transportation over a body of water, but is it the best? This leads us to 
consider optimal means.

Determining the optimal means for transportation over a body of water is not imme-
diately obvious. This depends on the context of where the design will operate. The con-
text holds the answer to the question, optimal from what perspective? The understand-
ing of where and for whom the design will be implemented lies in the context. That von 
Wright’s (1963) model failed to account for this is a limitation, as also pointed out by 
Macagno and Walton (2018). This would have to be addressed through a more holistic 
model.

Fig. 1  Illustration of the flow of 
means-end reasoning
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The desire for a holistic model for technology education

Following from the previous analysis of the literature on reasoning in the design process, 
the immediate observation is that all reasoning concepts and definitions share common 
grounds. J. Hughes’ (2009) description of means-end reasoning seem not to be that far 
from Roozenburg’s (1993) innoduction. In fact, de Vires (2012) states that means-end rea-
soning is abductive to its form. It appears the descriptions of the reasoning in design are 
in abundance, while a uniform form of the reasoning on macro- and micro-scale remains 
undetermined. As Dixon and French (2020, p. 8) put it:

… there is an evident lack of consensus across the macro-level and an insufficient 
level of evidence, as yet, available at the micro-level. Consequently, we take the view 
that it would not, at this point, be possible to make any definite claims regarding the 
logic of design or, indeed, the design reasoning process.

As disheartening as this statement might be, one issue becomes clear. The view of the 
reasoning in design as being something different on macro- and micro-level, is problem-
atic. Surely it is of interest to view the design process from these two perspectives, but that 
the reasoning would change on macro- and micro-level seem unnatural, stemming from 
the general view of reasoning as a process leading up to a conclusion. By departing from 
descriptions of reasoning types in the design process as conforming to the formal forms of 
reasoning; abductive, deductive, or inductive, a common model for the macro- and micro-
level of design can be derived. Here, means-end reasoning accounts for the many reason-
ings processes that the design process consists of, where it is common for one conclusion 
to lead to the next, and the solving of one issue to generate new ones. In J. Hughes’ (2009) 
description of means-end reasoning, means can be ends, and ends can generate new ends, 
until the final end is reached. In this way, means-end reasoning in the design process can 
be likened to a self-similar pattern of a fractal, which independent of scaling repeats itself 
endlessly. Thus, the design process consists of many means-end inferences on different 
scales.

Cause‑effect reasoning as a means for a holistic model

Up until now, the view on the reasoning in design has been instrumental, where the goal 
seems to be to please one desire independent of what that desire is or what comes with 
it. It is, however, important in technology education that the students are supported and 
encouraged to take a step back and value the whole. Hence, a holistic approach is advo-
cated in this model. This includes that “when one decides what to do, one should do so 
in the awareness that one’s decision will have many aspects. One is therefore committed 
to accepting the whole story, including means, ends, side effects, and consequences” 
(Harman, 1986, p. 98). From this, three different types of cause-effect relationships can 
be identified (see Fig.  2). Firstly, there has to be a cause-effect relationship between 
means and end (von Wright, 1963), and the conclusion in the means-end reasoning 
should be based on a belief of such. At the same time, that means could bring about 
a side effect and the end might lead to other consequences in addition to the desired 
end. If we visit a simple example where we have the desire to tighten a nut. Tightening 
the nut with a wrench would be a means to that end. However, a side effect of using a 
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wrench is that the nut gets unnecessarily torn. Similarly, the consequence of a tightened 
nut is that it can be hard to unscrew. This might be a desired or an undesired conse-
quence. The means-end reasoning in the design process should encompass premises of 
beliefs of these cause-effect relationships and these beliefs can originate from a different 
type of reasoning: cause-effect reasoning.

While means-end reasoning is reasoning that results in conclusions as actions or inten-
tions to act, cause-effect reasoning results in conclusions as beliefs. In the design process 
it is important to form beliefs about consequences to make predictions of performance. 
Cause-effect reasoning can be used to establish beliefs of these relationships, if this – then 
that (de Vries, 2016a). To illustrate the use of cause-effect reasoning in the design pro-
cess, let us consider the desire for a bridge again. If the context requires the bridge to have 
low maintenance, then it is important to carefully choose the appropriate material for the 
bridge. This requires reasoning about different materials, their properties, and their poten-
tial effects and it is through this cause-effect reasoning that we can form multiple beliefs 
about consequences of certain materials. de Vries (2016b) discusses reasoning in technol-
ogy education and uses the example of the launch of space shuttle Challenger. The risks 
were known before the launch. Still, the space shuttle was launched, and the devastating 
catastrophe was evident. We can use the example of the design process of the space shut-
tles to illustrate cause-effect reasoning. During the design of the space shuttles, there were 
constant concerns being raised by engineers that specific O-rings did not function prop-
erly, especially under cold conditions. The material used for the O-rings had been specified 
to withstand high temperatures but not low (Roe et al., 1986). The cause-effect reasoning 
used to predict effects could have looked like this:

The material for the O-rings has been prioritized to be able to handle high tempera-
tures but cannot endure cold. So, if the launch of a space shuttle were to take place 
under low temperature conditions, the O-rings might not seal properly. Following 
this, the rockets, in addition to fuel tank and shuttle, could explode.

The conclusion in this reasoning is a belief about potential consequences, it is not a 
conclusion of how to act accordingly. The causes, low temperature, and temperature sensi-
tive O-rings, result in an effect, and this prediction is made through cause-effect reasoning 
(see prediction in Fig. 3). The belief could be used in the subsequent means-end reasoning, 
where the conclusion of the action to redesign could be reached.

The process of prediction can also be reversed to evaluate in the design process (Jonas-
sen & Ionas, 2008). This is of importance if the design process results in unpredicted side 
effects or consequences. The example of the catastrophe of the launch of Challenger would 
be an extreme but relevant example of a side effect of the means, temperature sensitive 
O-rings. Evaluating the causes of the catastrophic effect of the exploding space shuttle 
would be crucial, had it not been known to the engineers already. The flow of evaluat-
ing through cause-effect reasoning would then go from effect to cause (see evaluation in 
Fig. 3), which is relevant in technology education when, for example, testing prototypes.

Fig. 2  Schematic illustration of the cause-effect relationships of means, end, side effects and consequences 
as interpreted from Harman (1986)
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This cause-effect reasoning can be compared to, but is not equal to, what Hempel and 
Oppenheim (1948) calls the scientific explanation, and which is often referred to as the 
deduction-nomological model. They describe prediction and explanation in science, which 
can be compared with this article’s prediction and evaluation, while making no difference 
between prediction and explanation other than what is known from the beginning. In their 
seminal work they state four requirements for a scientific explanation, where one states that 
the deduction needs to contain general laws. General laws are often interpreted as natural 
laws, and in a later work by Hempel (1965) he states that these laws should not refer to 
specific objects or a specific space–time. In technology, a requirement of general laws is 
not necessary. In the example of the reasoning about Challenger, the premises containing 
rules such as “the material for the O-rings has been prioritized to be able to handle high 
temperatures but cannot endure cold” cannot be considered to contain any general laws. 
The rule is however useful and sufficient for drawing the conclusion. Thus, when predict-
ing or evaluating through cause-effect reasoning in the design process the premise of a rule 
can be based on for example experience or experiments and does not necessarily have to 
include natural laws (e.g., Dym et al., 2005; Norström, 2013).

On the nature of premises

One important notion that has not yet been addressed is that relationships and believes 
can be of an uncertain or probabilistic nature, also in the design process. One can hold 
the belief that a certain means might or probably will lead to a desired result. Which is 
also why testing is such an important part in the design process. Such believes does not 
belong in formal reasoning. So, for a model of reasoning in the design process to be 
relevant, we must depart from the constraints of formal reasoning when defining reason-
ing. We still define reasoning as the process of reaching a conclusion using premises, 
but we widen the perspective of the nature of the premises and what premises to rely on. 
In design, the information or models used can be incomplete, which leaves the designer 
to lean on reasoning about uncertainty (Dym et  al., 2005). This is also in line with a 
recent paradigm shift in psychology of reasoning. Evans et al. (2015) discusses the util-
ity of uncertain deduction and argues that this is a form closer to the actual reasoning in 
everyday life problem-solving and decision making. To show an example of uncertain 

Fig. 3  Illustration of the flow in 
cause-effect reasoning
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deduction, imagine a sailor out at sea that sees that the fair-weather cumulus clouds are 
growing vertically. The sailor knows that if the clouds are higher than they are wide at 
one o’clock in the afternoon, there is a chance for a thunderstorm in the evening, so she 
reasons:

Premise: If the clouds are higher than they are wide at one o’clock, there is a 
chance for a thunderstorm in the evening
Premise: The clouds are now higher than they are wide and its before one o’clock
Conclusion: There is a chance for a thunderstorm

Based on this belief, the sailor reasons that as she wants to be on the safe side. She 
reduces the sails later in the afternoon to avoid stresses in the rig and to sail safely 
through the possible approaching thunderstorm. This reasoning takes the form of a 
deduction but is by no means a formal deduction since the uncertainty in the first prem-
ise make the conclusion uncertain. It is, however, a useful way of reasoning. Based on 
the conclusion that there is a chance of a thunderstorm, the sailor can act accordingly. 
Although, there is a possibility that there might be no thunderstorm at all.

This type of reasoning can be very useful in the design process as well. For exam-
ple, when designing boats, a rule of thumb is that the width to length ratio should be 
between 1:4 and 1:7, with sailboats needing to be relatively wide to be stable (Jensen, 
2009). Thus, the means-end reasoning when determining width and length ratio might 
be as follows:

Premise: I want to make a stable sailing boat
Premise: For it to be stable a good width to length ratio is 1:4
Conclusion: I will make the boat four times longer than the width, then it will 
probably be stable

The key to this reasoning lays in the qualifiers, as Toulmin (2003) calls them. These 
qualifiers say something about to what degree the conclusion holds true. In the above 
examples, a chance for and probably work as qualifiers. It would have been invalid to 
conclude that there will be a thunderstorm or that the sailing boat will be stable based 
on the uncertainty in the premises. In the example with designing the sailing boat, there 
are additionally conclusions that will come into play for the boat to be stable.

This reasoning with uncertainty includes reasoning with heuristics. Heuristics can be 
described as rules of thumb that are useful in a certain context (Koen, 1985). The rule-
premises in previous examples are examples of heuristics. These rules of thumb can 
originate from for example experience or scientific knowledge, and they do not have to 
be optimal. They can, however, be useful (Norström, 2011).

The previous example with width to length ratio, is an example of a means-end rea-
soning with heuristics. But heuristics can be used both in means-end reasoning and in 
cause-effect reasoning. Imagine trying to start a diesel engine, but it will not start. When 
having trouble starting a diesel engine, the rules of thumb are that it is either problem 
with the electric circuit or air in the fuel system. Since you hear the engine start but it 
comes to an immediate stop, it has probably nothing to do with electricity. So, you can 
conclude that the cause is probably air in the fuel system. This belief from a cause-effect 
reasoning is then useful in the means-end reasoning. You still want the engine to start, 
and it is probably air in the fuel system which can be remedied by venting, so you con-
clude to vent the fuel system. Thus, heuristics can be utilized within both means-end 
reasoning and cause-effect reasoning.
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Presenting a holistic model for technology education

Following from the previous analysis, the conclusion is that a model of reasoning within 
the design process in technology education should consist of the two relevant types of rea-
soning, means-end reasoning, and cause-effect reasoning. There is a certain relationship 
between these reasoning types, and a student engaged in the design process would con-
stantly go back and forth between them (see Fig. 4). Following from that one line of rea-
soning can inform the other and vice versa. These types of reasoning do not conform into 
one single form and can therefore not be prescribed as deductive, inductive, nor abductive. 
Formally the reasoning consists of premises and a conclusion. In the means-end reasoning 
the conclusion takes the form of an action or intention to act, while in the cause-effect rea-
soning the conclusion is a belief about cause, effect, side-effect, consequence, or a cause-
effect relationship. In both reasoning types one premise takes the form of a rule stating a 
cause-effect relationship or linking cause and effect (see Table  3). Through cause-effect 
reasoning the students can predict side effects of means and consequences of ends, and 
by evaluating the whole, both the context and relevant values are considered within their 
reasoning. Thus, making this a holistic model for reasoning in the design process in tech-
nology education.

Valuing the whole in the design process involves placing the design in the context of 
where it will operate. Consequently, in the design process the context is something that 

Fig. 4  Schematic illustration of means-end- and cause-effect reasoning and their interconnection

Table 3  Characteristics of means-end reasoning and cause-effect reasoning, established upon de Vries 
(2016a), Dym et al. (2005), Harman (1986), J. Hughes (2009), Jonassen and Ionas (2008), Norström (2011) 
and von Wright (1963)

Means-end reasoning Cause-effect reasoning

Conclusion
Action or intention to act Belief about cause, effect, side-effect, 

consequence, or cause-effect relation-
ship

Premises
Stating end
Rule based on belief of a cause-effect relationship of means and 

end
Acknowledging relevant side-effects or consequences
Can include uncertainty or heuristics

Stating cause or effect
Rule linking cause and effect
Can include uncertainty or heuristics
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especially affects the outcome. A solution to a problem in one context might be wrong 
in another. The American philosopher Andrew Feenberg emphasized that a study of tech-
nology should operate on two levels, where the technology is both decontextualized (pri-
mary level) and contextualized (secondary level) (Ankiewicz, 2019). This notion is in line 
with the STS-movement (Science-Technology-Society) in science and technology educa-
tion, where the foundation is that these fields do not operate in isolation of each other. 
Thus, technology and society cannot be secluded from each other. Although, there has 
been some criticism towards the implementation of STS in education. G. Hughes (2000, p. 
437) argued that as it is often used as “icing on the cake, not an essential basic ingredient” 
in science education the purpose is lost. Nevertheless, the design process in technology 
education provides a natural context for the teaching of values (Ankiewicz, 2019). Hence, 
within students’ reasoning in the design process consideration to context and relevant val-
ues in this context should be made. Accordingly, the structure of the students’ means-end 
reasoning can include premises concerning the context and values by including premises 
about relevant side-effects or consequences (see Table 3).

Application of the model in technology education

For the model to be explicitly presented, an example will follow of the model in use (see 
Table 4 and Fig. 5). To illustrate how the model can clarify students´ reasoning, we will 
show an example of a design process. In the example the reasoning types means-end rea-
soning and cause-effect reasoning are illustrated by premises followed by a conclusion. In 
technology education, the students learning about and from the design process can be cen-
tred around an assignment of creating a design that will fulfil a desire of their own. For 
instance, in the following example (see Table 4), a student has observed that their neigh-
bours have trouble recycling. Through cause-effect reasoning the students can conclude 
what effect that will have (i). Followingly, this generates a desire, an end, to help the neigh-
bours with this issue. But since the issues of recycling is unknown to the student, they 
conclude through a means-end reasoning to interview the neighbours (ii). Through more 
information about the issue and cause-effect reasoning, the student finds the cause of the 
problem (iii). This generates a new end – to make the instructions more comprehensible. 
Through a subsequent means-end reasoning, an idea of an app to help with the issue is 
concluded (iv). However, the students investigate possible side-effects of an app through 
cause-effect reasoning (v). Due to the side-effect and revisiting the final desire, the student 
decides through means-end reasoning to explore other options for their design (iv).

This example illustrates how the model can be used on students’ reasoning in the design 
process. The student constantly alternates between means-end reasoning and cause-effect 
reasoning on their endeavor through the process. Both reasoning types advances the other 
(see Fig. 5), and this continues throughout the entire design process.

In this example, the reasoning takes place on a micro-level in the design process, where 
the student arrives at conclusions to act or intend to act based on premises. Analysing rea-
soning on this micro-level is suitable to make the student’s process explicit, as difficulties 
are made visible (cf. Rittel, 1987). The reasoning on a macro-scale would predominately 
be visible when analysing the design process in retrospect, viewing the final design. How-
ever, in technology education, where students’ learning is the objective, focusing on the 
reasoning on the micro-scale could be argued to be highly important.



 E. Hultmark et al.

1 3

Ta
bl

e 
4 

 E
xa

m
pl

e 
of

 a
 st

ud
en

t’s
 re

as
on

in
g 

in
 th

e 
de

si
gn

 p
ro

ce
ss

 a
nd

 a
pp

lic
at

io
n 

of
 m

od
el

St
ud

en
t’s

 re
as

on
in

g
M

od
el

 a
pp

lie
d 

to
 th

e 
re

as
on

in
g

i
I h

av
e 

no
tic

ed
 th

at
 a

 lo
t o

f p
eo

pl
e 

in
 m

y 
ne

ig
hb

ou
rh

oo
d 

str
ug

gl
e 

w
ith

 
re

cy
cl

in
g.

 T
he

y 
so

m
et

im
es

 m
ix

 m
at

er
ia

ls
. A

 si
ng

le
 in

co
rr

ec
t i

te
m

 c
an

 b
e 

en
ou

gh
 to

 d
es

tro
y 

th
e 

po
ss

ib
ili

ty
 to

 re
cy

cl
e 

a 
w

ho
le

 lo
rr

y 
of

 w
as

te
. T

he
n 

th
at

 m
at

er
ia

l d
oe

s n
ot

 g
et

 re
us

ed

C
au

se
I h

av
e 

no
tic

ed
 th

at
 a

 lo
t o

f p
eo

pl
e 

in
 m

y 
ne

ig
hb

ou
rh

oo
d 

str
ug

gl
e 

w
ith

 re
cy

-
cl

in
g.

 
Ru

le
Th

ey
 so

m
et

im
es

 m
ix

 m
at

er
ia

ls
. A

 si
ng

le
 in

co
rr

ec
t i

te
m

 c
an

 b
e 

en
ou

gh
 to

 
de

str
oy

 th
e 

po
ss

ib
ili

ty
 to

 re
cy

cl
e 

a 
w

ho
le

 lo
rr

y 
of

 w
as

te
Eff

ec
t

Th
en

 th
at

 m
at

er
ia

l d
oe

s n
ot

 g
et

 re
us

ed
ii

I w
an

t t
he

 n
ei

gh
bo

ur
s t

o 
be

 a
bl

e 
to

 d
o 

it 
rig

ht
, s

o 
I m

us
t a

sk
 th

em
 to

 k
no

w
 

w
ha

t t
he

 st
ru

gg
le

 is
. I

 w
ill

 st
ar

t b
y 

in
te

rv
ie

w
in

g 
m

y 
ne

ig
hb

ou
rs

En
d

I w
an

t t
he

 n
ei

gh
bo

ur
s t

o 
be

 a
bl

e 
to

 d
o 

it 
rig

ht
,

Ru
le

 S
o 

I m
us

t a
sk

 th
em

 to
 k

no
w

 w
ha

t t
he

 st
ru

gg
le

 is
M

ea
ns

I w
ill

 st
ar

t b
y 

in
te

rv
ie

w
in

g 
m

y 
ne

ig
hb

ou
rs

iii
Th

e 
ne

ig
hb

ou
rs

 sa
y 

th
at

 it
 is

 n
ot

 a
lw

ay
s t

ha
t s

tra
ig

ht
 fo

rw
ar

d 
w

he
re

 to
 so

rt 
th

e 
m

at
er

ia
ls

, w
hi

ch
 is

 fr
us

tra
tin

g.
 T

he
n 

it 
is

 e
as

ie
r t

o 
ju

st 
gu

es
s. 

Fr
us

tra
-

tio
n 

ov
er

 th
e 

in
str

uc
tio

n 
le

ad
s t

he
m

 to
 g

ue
ss

. S
o,

 th
e 

in
str

uc
tio

ns
 a

re
 

pr
ob

ab
ly

 to
o 

in
co

m
pr

eh
en

si
bl

e

Eff
ec

t
Th

e 
ne

ig
hb

ou
rs

 sa
y 

th
at

 it
 is

 n
ot

 a
lw

ay
s t

ha
t s

tra
ig

ht
 fo

rw
ar

d 
w

he
re

 to
 so

rt 
th

e 
m

at
er

ia
ls

, w
hi

ch
 is

 fr
us

tra
tin

g.
 T

he
n 

it 
is

 e
as

ie
r t

o 
ju

st 
gu

es
s

Ru
le

Fr
us

tra
tio

n 
ov

er
 th

e 
in

str
uc

tio
n 

le
ad

s t
he

m
 to

 g
ue

ss
C

au
se

So
, t

he
 in

str
uc

tio
ns

 a
re

 p
ro

ba
bl

y 
to

o 
in

co
m

pr
eh

en
si

bl
e

iv
A

cc
or

di
ng

 to
 m

y 
ne

ig
hb

ou
rs

 th
er

e 
is

 a
 n

ee
d 

fo
r c

om
pr

eh
en

si
bl

e 
in

str
uc

tio
ns

 
of

 w
he

re
 to

 so
rt 

th
e 

ite
m

s. 
A

n 
ap

p 
co

ul
d 

he
lp

 w
ith

 e
as

y 
in

str
uc

tio
ns

. S
o 

I 
ca

n 
cr

ea
te

 a
n 

ap
p 

to
 h

el
p 

w
ith

 th
e 

so
rti

ng

En
d

A
cc

or
di

ng
 to

 m
y 

ne
ig

hb
ou

rs
 th

er
e 

is
 a

 n
ee

d 
fo

r c
om

pr
eh

en
si

bl
e 

in
str

uc
tio

ns
 

of
 w

he
re

 to
 so

rt 
th

e 
ite

m
s

Ru
le

A
n 

ap
p 

co
ul

d 
he

lp
 w

ith
 e

as
y 

in
str

uc
tio

ns
M

ea
ns

So
 I 

ca
n 

cr
ea

te
 a

n 
ap

p 
th

at
 c

ou
ld

 h
el

p 
w

ith
 th

e 
so

rti
ng

v
Th

e 
pr

ob
le

m
 is

 th
at

 n
ot

 a
ll 

m
y 

ne
ig

hb
ou

rs
 h

av
e 

a 
sm

ar
t-p

ho
ne

s, 
an

d 
to

 u
se

 
th

e 
ap

p 
w

ou
ld

 re
qu

ire
 a

 sm
ar

t-p
ho

ne
 th

at
 c

an
 h

ol
d 

ap
ps

. S
o,

 if
 th

e 
in

str
uc

-
tio

ns
 a

re
 o

n 
th

e 
ap

p,
 th

ey
 w

ill
 n

ot
 b

e 
ac

ce
ss

ib
le

 to
 e

ve
ry

on
e

C
au

se
Th

e 
pr

ob
le

m
 is

 th
at

 n
ot

 a
ll 

of
 m

y 
ne

ig
hb

ou
rs

 h
av

e 
a 

sm
ar

t p
ho

ne
,

Ru
le

an
d 

to
 u

se
 th

e 
ap

p 
w

ou
ld

 re
qu

ire
 a

 sm
ar

t p
ho

ne
 th

at
 c

an
 h

ol
d 

ap
ps

Si
de

-e
ffe

ct
So

, i
f t

he
 in

str
uc

tio
ns

 a
re

 o
n 

th
e 

ap
p,

 th
ey

 w
ill

 n
ot

 b
e 

ac
ce

ss
ib

le
 to

 e
ve

ry
on

e
vi

A
s I

 re
al

ly
 w

an
t e

ve
ry

bo
dy

 to
 b

e 
ab

le
 to

 re
cy

cl
e 

co
rr

ec
tly

, a
n 

ap
p 

co
ul

d 
he

lp
 

w
ith

 th
at

. H
ow

ev
er

, a
n 

ap
p 

w
ill

 n
ot

 b
e 

ac
ce

ss
ib

le
 to

 e
ve

ry
on

e.
 S

o,
 I 

do
 

ha
ve

 to
 re

th
in

k 
th

e 
us

e 
of

 a
n 

ap
p

En
d

A
s I

 re
al

ly
 w

an
t e

ve
ry

bo
dy

 to
 b

e 
ab

le
 to

 re
cy

cl
e 

co
rr

ec
tly

, 
Ru

le
an

 a
pp

 c
ou

ld
 h

el
p 

w
ith

 th
at

Si
de

-e
ffe

ct
H

ow
ev

er
, a

n 
ap

p 
w

ill
 n

ot
 b

e 
ac

ce
ss

ib
le

 to
 e

ve
ry

on
e

M
ea

ns
So

, I
 d

o 
ha

ve
 to

 re
th

in
k 

th
e 

us
e 

of
 a

n 
ap

p



Framing a holistic model of reasoning in the design process in…

1 3

Discussion

The model for reasoning in the design process in Technology Education presented here is 
an effort to describe and conceptualize students’ reasoning in the design process. It pro-
vides a conceptual apparatus that can be used when analysing students’ reasoning. When 
building the model, a consideration of limitations of previous models of reasoning has been 
made. Previous models (e.g., Dorst, 2011; Kroll & Koskela, 2016; Roozenburg, 1993) have 
struggled to grasp the reasoning in the design process on both macro- and micro-level, 
while other models (e.g., J. Hughes, 2009) have had an instrumental view of the reasoning. 
To account for this, the model describes and likens means-end reasoning to a self-similar 
fractal of inferences in the design process. Instead of instrumentalism, the model repre-
sents a holistic view, where side effects and consequences together as a whole are consid-
ered through cause-effect reasoning. These aspects of the model make it robust in the way 
that it is possible to use anywhere and anytime in the design process. Consequently, the 
model represents a general description of the reasoning in the design process in technology 
education.

On the same note, this is a model, with all the trade-offs that come with a model. For 
example, the authors have refrained from describing and conciliating the reasoning as for-
mal forms of reasoning. This was deemed to have limited the usability of the model. Hence, 
the trade-off has been the level of detail to which the reasoning is described. Although, this 
is in line with the purpose of the model; to be used in research on students reasoning in 
the design process. However, a student reasoning in the design process would regularly go 
back and forth between the reasoning types. Furthermore, this intrinsic dance in addition 
to that Dusek (2006) points out that means-end and cause-effect are a reflection of each 
other, implies that the reasoning types may be hard to distinguish. Through future empiri-
cal research the view and structure of the reasoning can unravel and thus this model is a 
starting point.

Within the literature the prefixes of reasoning are in abundance. In New Zealand focus 
has been on functional reasoning and practical reasoning as moral reasoning (Compton, 

Fig. 5  Illustration of the flow of students means-end and cause-effect reasoning
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2019; Ministry of Education, 2018). de Vries (2016b) distinguishes ethical- and aesthetic 
reasoning. On the same note, Daugherty and Mentzer (2008) focus on analogical reason-
ing. These prefixes say something about what the reasoning is about, and this model does 
not exclude such reasoning. On the contrary, the model encompasses all these different 
types of reasoning. If for example, the students reason about functions in their means-end 
reasoning this would be a functional reasoning as well. The same can be concluded about 
ethical-, aesthetic- and moral reasoning and so on. In the design process all this reasoning 
will, through means-end reasoning, lead up to an action or a conclusion not to act – which 
is an action as well.

Describing and making the grounds explicit in the students reasoning in the design pro-
cess, as in this model, might in the end benefit the students individually, as the basis for 
drawing conclusions is made visible and accessible. The example in Table 4 is not a com-
plete example of the reasoning in the design process. It illustrates that starting from even 
the simplest of desires, the thought process and its representations in the design process 
quickly becomes complex and volatile. Framing this reasoning is an asset to the teachers 
making sense of students’ actions and expressed beliefs. Their guiding and scaffolding of 
their students’ learning can be supported through insights into what reasoning the students 
are expressing, as also emphasized by Seery et al. (2022). Followingly, teachers can propel 
students to develop their reasoning in design. Being able to function and make decisions 
in a world where technology is constantly present includes reasoning within it (Rossouw 
et al., 2011). Situating this reasoning in the design process may increase students’ ability to 
critically examine the technology that surrounds them. The aim of the model is to provide 
a holistic model which could promote students’ insights into how technology operates in 
complex contexts and how consideration of it should be made.
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