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Abstract

A diverse body of feminist scholarship has addressed the

masculine orientation of Western engineering education for

at least four decades. Among critiques specifically targeting

curriculum, a recurrent line of argumentation highlights its

reductionist framing and narrow focus on mathematics and

technology. The argument is that these traits represent a

masculine orientation and that women would gain from a

curriculum more oriented towards the context and applic-

ability of technical knowledge. Simultaneously, researchers

working in a Bernsteinian, social realist, educational tradition

have suggested that, from a social‐class perspective, it is

important to provide all students with access to theoretical,

abstract and context‐independent knowledge. This article

explores the resultant, theoretical tension between these

two positions. Our empirical starting point is a recently

completed ethnographic study of a male‐dominated bache-

lor's degree engineering program in Sweden. This program's

curriculum repeatedly emphasizes the value of experiential

and contextually rooted knowledge over contextless and

mathematically modeled knowledge. Borrowing Bernstein's

terminology, we argue that such emphasis represents a pri-

vileging of horizontal discourse over vertical and that, as such,

said curriculum potentially deprives the male, working‐class
students of access to powerful knowledge. We further
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highlight how the program represents a poor target for the

line of feminist critique identified above, despite being

strongly male dominated. We thereby shed light on chal-

lenges related to formulating (intersectional) critiques of the

engineering curriculum simultaneously attentive to both

class and gender. Conclusively, we argue that efforts direc-

ted at making the engineering curriculum more inclusive can

learn from both feminist and social realist lines of

argumentation.

K E YWORD S

contextualization, curriculum, engineering education, gender,

social class

1 | INTRODUCTION

Questions concerning contextualization, real‐world applicability and the personal relevance of knowledge have long

been discussed both in relation to higher education in general and science and engineering education in particular

(e.g., Crawley, Malmqvist, Östlund, Brodeur, & Edström, 2014; Sevian, Dori, & Parchmann, 2018). It has been argued

that contextualizing subject matter and engaging in student‐centered learning attentive to students' own experi-

ences and backgrounds is important, not least for the democratization of higher education (see e.g., Biggs & Tang,

2011; Muller, 2015). In this article, we aim to theoretically discuss tensions between two lines of argumentation

concerning these questions as they relate to the engineering curriculum, stemming from gender and social‐class‐
motivated critiques, respectively. These lines of argumentation are both shaped by progressive ideals but as we will

demonstrate in this article, they end up in a strained relation when brought to bear on particular forms of

engineering education curriculum.

Starting with the gender‐related line of argumentation, it can be noted that the male dominance of engineering

education within Western higher education has been investigated and critiqued from feminist perspectives for

decades (Rosser, 2018). It is therefore not surprising that this critique is diverse and have various targets.

Scrutinizing its image, its organization, its culture, and its curriculum, it has been shown again and again how strong

links between masculinity and technology contribute to masculinizing engineering education and make it a “chilly

climate” for many female students (Mills, Ayre, & Gill, 2010). Among critiques directed specifically at the subject

matter and teaching methods (what we broadly refer to as curriculum in this article), a recurrent argument has

been that impersonal and detached teaching of abstract and contextless technology discourages women from

pursuing an engineering education. The reductionist framing of engineering education has been seen as “putting

women off” (Faulkner, 2011, p. 278) because, it has been argued, women students are not interested in technology

for its own sake and, instead, want “the whole picture” (Salminen‐Karlsson, 2005, p. 240) and to learn about

technology in context (Du & Kolmos, 2009; cf. Fausto‐Sterling, 2003). Such criticism often draws on broader

critiques of science education where researchers have long stressed the importance of a gender perspective and

argued that “while an objectivist curriculum supports a masculine identity and favors boys, a symbolically more

feminine, contextual, cooperative, and student‐centered curriculum is compatible with femininity and encourages

girls” (see Hughes, 2001, p. 278). As we will return to below, such lines of argumentation can be and have

deservedly been, critiqued for building on an essentialist and stereotypical view on gender. We share this concern
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but will not engage with it here, because our ambition in this article is instead to relate this line of argumentation to

curriculum critiques formulated from more social‐class‐focused perspectives.

As regards disparities in science, technology, engineering, and mathematics (STEM) education, social class has not

received as much attention as gender (Grineski et al., 2018). However, the gender‐focused critique of reductionist

engineering curriculum can be compared to more broadly targeted, social‐class‐focused critiques of curriculum and, in

particular, those of educational researchers working in a social‐realist tradition informed by Basil Bernstein. The

research of these latter has critiqued the view that “learning should be contextual and situated because this leads to the

displacement of theoretical knowledge from the center of curriculum” (Wheelahan, 2010, p. 1). Specifically, in relation to

engineering education, concerns have been raised around “the unbearable “applied‐ness” of engineering knowledge”

(Smit, 2018, p. 167). Bernstein's distinction between vertical and horizontal discourse in discussing the social‐class
dimensions of the curriculum is of particular relevance for the present article. Nylund et al. (2018) have described the

distinction as follows:

When knowledge is classified in relation to disciplinary systems of meaning – that is, as more theoretical,

abstract and conceptual – it has a vertical character. If, instead, knowledge is classified in relation to local

contexts or “everyday experiences”, then knowledge has a horizontal character. These different types of

knowledge have different powers. Roughly stated, vertical discourses are powerful in enabling abstract and

critical thinking, whilst horizontal discourses are powerful for understanding and acting in specific empirical

contexts. (p. 100)

Nylund et al. (2018) map this distinction onto the separation between academic and vocational programs in

upper‐secondary schools and argue that it can be detrimental for working‐class students at vocational programs to

be deprived of access to powerful, vertically organized knowledge.

We will come back to this distinction and its social‐class connotations below. For now, it is sufficient to declare that

we are interested in the tension between, on the one hand, gender‐based arguments for a more contextually oriented

curriculum (i.e., arguments that, using social‐realist terminology, can be seen as targeting mainly vertical discourse) and,

on the other, social realist, class‐motivated calls for a curriculum that emphasizes disciplinary, theoretical, abstract, and

conceptual knowledge (i.e., vertically organized knowledge). The purpose of the article is to highlight this tension and

explore its manifestation in one bachelor's degree program in mechanical engineering at a research‐oriented university

in northern Sweden. Most of the students on said program come from a working‐class background and they are all male.

For the purpose of the present article, we consider the education we followed an exemplum (cf. Arthos, 2003), that is, a

particularly illustrative example that lends itself well to discussing challenges and tensions that can arise when ad-

dressing both class and gender in formulating critiques of the engineering curriculum. Hence, the article can be

considered an empirically informed, but primarily theoretical, investigation of challenges related to integrating class and

gender perspectives into the formulation of critiques of engineering curriculum and the potential paradoxes that arise

when doing so. We suggest that this is important both for refining the academic understanding of the intersection of

class and gender in engineering education and for engineering education stakeholders who share social justice ambitions

and wish to pluralize engineering education vis‐à‐vis both gender and class at the same time. It is also relevant in

relation to broader discussions of the tensions that follow when pursuing both disciplinary authenticity and personal

relevance in STEM‐related education (e.g., Kapon, Laherto, & Levrini, 2018) and elsewhere (e.g., McLean & Abbas, 2009;

Rata, McPhail, & Barrett, 2019).

The article is structured as follows. First, starting in the broader landscape of previous critiques of engineering

education, we locate the specific aspects of feminist critiques of engineering curriculum that we address in the

article. We follow Mills et al. (2010) in using the term curriculum to capture “content plus teaching and learning

methods […] or, for North American readers, curriculum plus pedagogy” (p. 12). Second, we elaborate briefly on

Bernstein's (1999) previously mentioned distinction between vertical and horizontal discourse. Third, we introduce

our exemplum and relate it both to the line of feminist critique that targets reductionism in the engineering
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curriculum and Bernstein's distinction between vertical and horizontal discourse. Concluding the article, we discuss

the identified tensions between class and gender perspectives that our exemplum illustrates and outline some

implications for future work, both as regards future research on these matters and implications for stakeholders

involved in transforming the engineering curriculum.

2 | GENDER‐BASED AND CLASS‐BASED CRITIQUES OF ENGINEERING
EDUCATION

A review of academic critiques of the engineering curriculum reveals some remarkably stable patterns over time

(Edström, 2018). In a historical study, Berner (1996) shows how social‐class‐related tensions between more

practical and more theoretical/scientific aspects have permeated engineering education ever since its in-

stitutionalization (for a contemporary discussion, see Case (2017) and Crawley et al. (2014)). Berner describes how,

as early as the end of the 19th century, there were complaints about the curriculum being too academic and

oriented towards content matter “completely useless” for practitioners. A certain distance between teacher and

student was also identified and it was argued that more “personal cooperation” between teachers and students

would be of value (Berner, 1996, p. 88).

Similar critiques surface in later accounts of engineering education (and, to some degree, higher education

more broadly, see e.g., Biggs & Tang, 2011; Entwistle, 2009). For instance, Seymour and Hewitt (1997) show how

students criticize lectures that are largely unidirectional and teaching that fails to engage them. One student

describes the experience of attending lectures in an engineering education program she later left: “There's no sort

of interaction back and forth. Just the professor sitting up there presenting material to you. It's sort of a one‐way

kind of lecture” (p. 150). Seymour and Hewitt further discuss how statements like these have to be understood in

relation to students' experience of rarely getting the chance to develop a sense of how what they are learning

might be of relevance in contexts outside the course.

More recently, Holmegaard, Madsen, and Ulriksen (2016) have shown how first‐year engineering students

struggle to find meaning in their studies. Students are disappointed that their expectations of “theory to be

applicable to real‐life problems” and of the teaching to be “problem‐based” and “cross‐disciplinary” are not met.

Instead, they encounter “generic courses in mathematics and physics” (p. 167), courses that they find “to be

detached and far removed from the applicable real‐life engineering that they had applied for, and they struggled to

see how the mathematics taught related to the kind of engineering they were enrolled in at all” (p. 160). This can be

related to Pleasants' and Olson's (2019) discussion of reductionism as a characterizing, cultural feature of problem

solving in engineering. They discuss how “subdividing and reducing real‐world situations to entities such as force or

voltage” is what makes engineering knowledge powerful. However, they also point out that “technologies do not

exist only as abstractions, and an overreliance on reductionism can cause inattention to important real‐world

complexities, such as user experiences” (Pleasants & Olson, 2019, p. 158).

In the feminist critiques of the engineering education curriculum, many of these problems are put into focus.

However, before addressing these critiques specifically, it should be noted that feminist critiques of engineering

education are diverse and have various targets. Much compelling critique have focused on “informal” aspects of

engineering education. In line with what can arguably be described as an “identity turn” in STEM‐related educa-

tional research more broadly (e.g., Archer et al., 2010; Carlone & Johnson, 2007), a number of studies have shown

how women struggle to “fit into” engineering education culture and how to fit in, they often adopt a position as “one

of the boys” (e.g., Tonso, 2007). Other critiques, focusing on early socialization processes and the complexities of

choosing an educational path, have discussed the gendered conditions that shape this choice process (Henriksen,

Dillon, & Ryder, 2015). A number of studies also focus on popular culture and investigate how positions such as “the

geek” are articulated in ways that shape how young people relate to science and technology education

(e.g., Mendick, Allen, & Harvey, 2016).
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Furthermore, feminist researchers who have focused more closely on curriculum and the contextualization of

technical knowledge have shown that, as regards the domains chosen when illustrating contextual relevance, it

matters how these are gendered (e.g., Faulkner, 2000; Margolis & Fisher, 2002; Mills et al., 2010). Several studies

have also shown how, from feminist perspectives, it is problematic if a typically “masculine background” and

“tinkering skills” are assumed in engineering education. As recently argued by Herman and Kirkup (2017):

A large body of research has shown that STEM teaching assumes a set of prior experience gained while

growing up as a boy with boyish hobbies and experiences – (playing with construction toys such as Meccano

or fixing a car engine and more recently, playing computer games) and this creates a barrier for women

students who do not have similar backgrounds. (p. 791)

As Herman and Kirkup (2017, p. 791) point out, this means that feminist interventions into STEM education

have tended to assume “limited informal prior experience to build on” and they acknowledge that this puts it

somewhat at odds with “a basic presumption of feminist pedagogy,” namely attentiveness to, and valuing of,

students' previous experience.

Lastly, powerful critiques of science (and technology) have been formulated within the broader field of feminist

epistemological research. Such research has demonstrated how power and context matters for knowledge pro-

duction, and how social forces shape and leave their mark also on the knowledge produced (see e.g.,

Haraway, 1988; Harding, 1986). It has critiqued masculinist versions of objectivity, universality, and rationality and

questioned the idealization of detached, disinterested and value‐free approaches to scientific knowledge produc-

tion (Harrell, 2016). Instead, one has argued that since “science is a sociocultural activity inseparable from the time

and place of its production, it is reasonable to assume that this activity will mirror present‐time ambiguities of

women's status” (Löwy, 1999). As will become evident below, feminist critiques of science and technology education

have been inspired by such research. Although these fields overlap and we find their relation interesting, we will

not, however, engage more explicitly with “pure” feminist epistemology and broader science critiques here, as our

primary interest in this paper is directed towards arguments that concern the gendered and classed dimensions of

pedagogical practices, rather than knowledge per se.

Altogether, research such as the above provides valuable insights into engineering education. In the

following, we focus on only one line of argumentation found in the feminist critique, namely, the feminist

critique that targets the masculinity of the engineering curriculum through focusing the reductionist form that

technological knowledge and teaching take within it. Given the diverse nature of the field and the multitude of

perspectives from which the gendered aspects of engineering education have been explored, this focus should

be understood as highlighting a limited aspect of a broader field of feminist critiques of engineering education.

However, for three reasons, we do find this critique particularly intriguing and worthy of further academic

attention. First, it represents a recurrent theme that has a long history in critiques of both the engineering

curriculum specifically and science and technology education more broadly (see e.g., Scantlebury, 2014).

Second, it connects important questions of the epistemology of science and technology to questions of the

gendering of the curriculum. That is, instead of limiting the focus to questions of access, experience and

conditions for differently classed, gendered, racialized (etc.) students in engineering education contexts, it

engages explicitly with how “the knowledge question” relates to the potentially gendered nature of engineering

curriculum. Third, and key in relation to the aim of the present article, we believe it is important to investigate

this critique because it concerns itself with curriculum aspects that have also been explored from social‐realist
perspectives in education. The tensions we identify between these two lines of critique are the focal point of

the present article. Hence, rather than addressing the totality of feminist critiques of engineering education

and all aspects of social‐realist critiques of education, the focus is on themes that are addressed in both and

that intersect in critiques of the engineering curriculum.
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2.1 | Feminist critiques of the reductionist engineering curriculum

Among feminist critiques that target the gendered form of the engineering curriculum, a recurring line of argu-

mentation is that the engineering curriculum is reductionist, that is, privileges contextless and abstract knowledge

over the situated and the context‐bound. This is often explained by highlighting how engineering education is

narrowly focused on mathematics and technology and modeled on the natural sciences (Mills et al., 2010; Salminen‐
Karlsson, 2005; Stonyer, 2002). Thus, when addressing problematic patterns in engineering education, this line of

critique often draws on findings from feminist science and technology studies (cf. Scantlebury, 2014). As Salminen‐
Karlsson (2005) argues:

[The] masculinity of science is also seen as one reason why many women today are not attracted by science

and engineering. Those aspects, which feminist science criticism has brought up as masculine and pro-

blematic in science, on a theoretical level, can often be observed on a practical level when female en-

gineering students criticise their education. (p. 237)

Stonyer (2002) qualifies some of these aspects and argues that:

Acceptance of the separation of engineering knowledge from self (viz issues of personal understanding and

preferences are ignored or minimised) and from socio‐historical location (viz wider operational context of

engineering) are attributes of the “scientist.” (p. 394f)

As can be seen, a certain detachment between the content matter and the “knowing subject,” as well as a

problematic detachment of engineering knowledge from its historical roots and context of applicability, are here

portrayed as “attributes of the “scientist.”” Stonyer argues that inherited from science, these characteristics can

explain the masculinity of engineering education. This is because feminist critiques of science “have demonstrated

how this scientific individual is male” and that ““scientific reasoning” is profoundly masculine” (p. 395). Thus,

according to Stonyer, many female students in engineering education find themselves in the undesirable position of

having to compromise between being “scientists” and being “women.”

This line of argumentation often echoes early feminist critiques of science, scientific thinking, and scientific

knowledge production. Examples include Lloyd's (1984/1993) The man of reason, Keller's (1983) A feeling for the

organism, Belenky, Clinchy, Goldberger, and Tarule's (1986) Women's way of knowing, and Gilligan's (1982) In a

different voice. Such early critiques are sometimes invoked through explicit references (as all but the last mentioned

is in Stonyer, 2002) and are sometimes more loosely alluded to (as in Du and Kolmos (2009) and Mills et al. (2010)).

Gendered difference in “ways of knowing,” reasoning or conducting science and engineering are then emphasized

(cf. Brotman & Moore, 2008). For instance, by pointing to women's greater preference for engineering “linked to

social context […] and to learn in cooperative classrooms” (Stonyer, 2002, p. 392), the distinction Belenky et al.

(1986, p. 102) make between “separate knowing” based on “impersonal procedures for establishing truth” and

“connected knowing” are related to engineering education. Similarly, in a seminal paper, Turkle and Papert (1990)

employ Gilligan's (1982) work suggesting that women are particularly oriented towards making “contextual,” moral

decisions. They combine this with Fox Keller (1983) to argue that women would gain from a “revaluation of the

concrete” (Turkle & Papert, 1990, p. 157) and that this would challenge the hegemony of abstract, decontextualized

and hierarchical (i.e., masculine) knowledge.

Likewise, in this line of feminist critique, the strong technical focus in engineering education is often considered

unfortunate because it bears with it a blindness to the “role of the human being” (Salminen‐Karlsson, 2005, p. 238).
This is problematic because according to these studies, women more often than men find “purely technical subject

matter […] heavy and meaningless” (Salminen‐Karlsson, 2005, p. 240) and this is because women are supposedly

more people‐oriented while men are more “thing” oriented (Neuhaus & Borowski, 2018). Thus, one argues that it is
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detrimental to female students that “technology is presented without its human context in engineering education”

(Salminen‐Karlsson, 2005, p. 240). Based on an auto‐ethnographic project from within engineering education,

Middlecamp (1995) exemplifies (from her own teaching context):

Chemical facts and concepts were presented sequentially in the lecture hall. It seemed easy to miss how the

bits of information were interrelated and how they fit into a broader context. The laboratories seemed

equally remote from the real world. Given the isolation, it was easy to understand how scientists might

come to believe that their work was objective and value‐free. Anything that connected the research to

social, industrial or military applications was simply not visible. (p. 89)

Again, a neglect for “the real world,” applicability and contextual relevance is here described as typical of

engineering education. A corresponding privileging of objectivity and the abstract is also emphasized. Focused on

computer technology, Henwood (2000, p. 212) describes similar patterns and concludes that:

Research to date has (almost universally) found that women are more attracted to computer courses that

emphasize social issues and computer applications than to traditional science‐based computer courses.

(p. 212)

The reductionism of much engineering education is also central to this line of feminist argumentation.

Bucciarelli (1994) was early in arguing that, in engineering education, “reductionism is the lesson”:

The student must learn to perceive the world of mechanics and machinery as embodying mathematical and

physical principle alone, must in effect learn to not see what is there but irrelevant. […] Reductionism is the

lesson. Strip away the irrelevant, leaving only the small number of measures of physical things like position

and velocity of a single particle – things that are related through the abstract and universal language of

mathematics. (p. 107f, italics in original)

Exemplifying such reductionism, Ottemo (2015) in a study of two Swedish master's degree engineering pro-

grams, describes how much of the teaching seemed utterly unconcerned with applicability and real‐life con-

textualization of the subject matter being taught. A recurrent pattern was also that when “context” was, in fact,

present in a problem or task, this was only superficially added and pointless in relation to solving the problem at

hand. It is discussed how this can sometimes have pluralizing effects vis‐à‐vis gender but also how it largely

privileges masculine students who consider themselves passionate about technology, regardless of which form the

curriculum takes.

Faulkner (2011) describes this theme as recurrent in feminist critiques of engineering education and discusses

how “deficits in engineering itself – such as the reductionist framing of much engineering education – are seen as

putting women off” (p. 278). Connecting such reductionism to a privileging of the technical over the social, Faulkner

herself advocates a form of “heterogeneous” engineering meant to pluralize engineering education. This would

entail greater recognition of the value of “holism” in engineering, an approach where ““the social” cannot be

deemed irrelevant” (Faulkner, 2000, p. 98). Faulkner connects this to girls' greater thirst for “deep understanding”

and discusses studies showing how such holism and heterogeneous approaches have feminine connotations and are

particularly challenging to boys, who “are more likely to approach technical tasks in isolation and judge the context

to be irrelevant” (Faulkner, 2000, p. 94).

More recently, Udén (2017) has discussed how feminist theory, in fact, provides a wide arsenal of tools for

engaging with engineering practice, but that a certain “awkwardness in relation to engineering” also runs through

“the feminist and gender studies tradition” (p. 344). She argues that this manifests in dismissive descriptions of

technical work as imbued with “masculinist reductionism”, “be it in the name of caring in engineering or
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heterogeneous engineering” (p. 345). With regard to Faulkner's notion of heterogeneous engineering in particular,

Udén is critical and schematically summarizes Faulkner's argument as basing its explanatory power on the creation

of a “strong dichotomy”:

Boys and men like tinkering; tinkering is an act of domination and linked to neglect of social concerns;

engineering education and in particular the calculation drills engage the students in exercises that

reinforce emotional detachment. These propositions are matched systematically with suggestions of how

girls and women, because of their personal qualities, are likely to be better engineers than boys/men

(technology needs to become more socially concerned and communicative). (p. 343)

For the purpose of the present article, we need not more closely address the specificities of Udén's critique.

Instead, it is sufficient to conclude that the engineering curriculum has repeatedly been described as reductionist

and unnecessarily oriented towards mathematics, the natural sciences and a narrow conception of technology in

feminist critiques. It has been shown to celebrate objectivity, reinforce emotional detachment and to be unable to

articulate technology in its social, historical, and everyday life context. This, it is argued in the feminist line of

critique that we trace in this section, is particularly problematic for female students and, consequently, problematic

from a feminist point of view.

As demonstrated above, this line of argumentation has a long genealogy and has lived on within a broader body

of feminist critiques of engineering education. It should be noted, however, that within this broader body of

feminist work on science and engineering, such lines of reasoning have been previously criticized for essentialising

gender differences and for underpinning an “unquestioning valorization of feminine characteristics that have been

learned in a context of unequal power relations between women and men” (Phipps, 2007, p. 778f; see also Hughes

(2001)). We are sympathetic to such criticism and think it is important to the continued internal discussion of how

to engage with technology and engineering within feminist theory. In what follows, we will however not engage

with for example the pros and cons of more performative understandings of gender or what queer, sexual dif-

ference or new materialist approaches can contribute to the discussion (although see e.g., Landström (2007), Lohan

(2000), Obreja (2012) for important contributions, and Scantlebury (2014) for an orientation). Instead, as signaled

above, we will explore a different tension, namely how calls for a reorientation of engineering curriculum towards

context, applicability and experience rooted in the feminist line of argumentation described above, are at odds with

arguments formulated from social‐class perspectives.

2.2 | Class critiques of curriculum: Vertical and horizontal discourse

Class perspectives have long been central in critiques of higher education and it has been repeatedly shown that

the choice of continuing to higher education is heavily shaped by class (e.g., Archer, Hutchings, & Ross, 2003).

However, as Thomsen (2012) points out, with an ever‐increasing number of students in higher education, it is

becoming increasingly important to investigate the mechanisms of differentiation within higher education. Re-

flecting the more limited societal concern for pluralizing engineering education in relation to class, the literature on

class in relation to the engineering curriculum is, however, not as extensive as the literature pertaining to gender

(Grineski et al., 2018). Nonetheless, there is an interesting point of convergence between feminist critiques of

engineering curriculum and social realist, class‐focused critiques of curriculum rooted in the work of Bernstein.

Researchers working in this latter tradition have raised concerns about a certain “knowledge‐blindness in educa-

tion” (Smit, 2018, p. 168). They stress the importance of analyzing the structure of knowledge and curriculum per se

to transcend what they see as a problematic tendency in educational research, namely, the viewing of pedagogic

discourse as simply a relay for external power relations (and hence not worthy of careful scrutiny in and of itself;

Moore & Muller, 2002). As Wheelahan puts it, Bernstein's work addresses this shortcoming by providing a
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framework for thinking about the structures of knowledge and “the social relations they are based on”

(Wheelahan, 2007, p. 639). Lubienski (2004) summarizes the basic point of departure as follows:

According to Bernstein, more privileged classes, who tend to be individualistic and have more

opportunities to venture beyond local environments, have fuller access to “elaborated codes” or lan-

guage with meaning that is explicit and relatively independent of contexts. This is the language of

mainstream society, including schools. Meanwhile, lower status families are more likely to use

“restricted codes” or language with implicit and context‐dependent meanings. This orientation makes

sense when emphasis is placed on community and common knowledge is shared. (p. 108)

Bernstein's work is extensive and his code theory and its development complex, so much so that some have

argued that his writing is “virtually unreadable, and the complexity is such that the original illuminative nature of

the concepts has been obscured” (Walford, quoted in Cause (2010), p. 3). For our present purposes, it is enough,

however, to engage only with a limited aspect of it, namely, the distinction between vertical and horizontal

discourse. Drawing on Durkheim, Bernstein develops this distinction from the distinction between sacred‐esoteric
and profane‐mundane knowledge. While the domain of the sacred‐esoteric traditionally associated with religion is

useful for talking about “that which is not” (the abstract, the theoretical), profane‐mundane language is, instead,

useful for talking about “that which already is” (the present and concrete). As Bernstein (1999) formulates it, the

last‐mentioned forms of knowledge, which are designated as being organized according to horizontal discourse,

are “contextually specific and “context dependent,” embedded in on‐going practices, usually with strong affective

loading, and directed towards specific, immediate goals, highly relevant to the acquirer in the context of his/her life”

(p. 161). “Vertical discourse”, on the other hand:

Consists not of culturally specialised segments, but of specialised symbolic structures of explicit

knowledge. The procedures of vertical discourse are then linked, not by contexts, horizontally, but the

procedures are linked to other procedures hierarchically. The institutional or official pedagogy of vertical

discourse is not consumed at the point of its contextual delivery, but is an on going process in extended

time. (p. 161)

Wheelahan (2007) describes vertical discourse as “the site of the “unthinkable,” the “impossible” and the “not‐
yet thought”” (p. 640). She suggests that being less context‐bound and more widely applicable, vertically structured

knowledge is potentially powerful knowledge that enables one to “challenge the social distribution of power”

(p. 639). Or, as Nylund et al. (2018, p. 792) formulate this, vertical knowledge discourses constitute “the means by

which society conducts its conversations about itself, both in terms of what it is and what it should be”. Access to it

is, consequently, important for enabling one to partake in shaping one's future. Rata et al. (2019, p. 6) connect the

power of powerful knowledge to its “potential to enable humans to predict, explain, imagine and critique aspects of

the world” and Young and Muller (2013) discuss how these characteristics largely coincide with qualities of STEM

subjects. In their interrogation of what makes powerful knowledge powerful, they emphasize its context‐
independent nature and that it is valued in relation to disciplinary norms rather than its usefulness in contextually

bounded situations. Although they make great effort to challenge the view that only STEM subjects represent

powerful knowledge, they nonetheless suggest that “STEM subjects provide the most successful ways of trans-

forming, predicting and controlling aspects of the material world, even if they do not always predict the unintended

consequences of such transformations” (Young & Muller, 2013, p. 232).

Because knowledge organized in accordance to vertical discourse is considered powerful, it is also important

for social‐realists to both notice and challenge how “access to it is always regulated through a division of labor, and

through distributive rules that provide access to some, but not others” (Wheelahan, 2007, p. 640). Using physics
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and other natural sciences as examples of vertical discourses with hierarchical knowledge structures, Wheelahan

argues that:

Students need to acquire the capacity to integrate knowledge (and underpinning principles) through systems

of meaning bounded by the discipline in ways that transcend the particular application of specific “pro-

ducts” of disciplinary knowledge in specific contexts. (p. 640)

As already mentioned, Nylund et al. (2018) have drawn on this distinction in discussing the social‐class di-

mension of the academic‐vocational divide in upper‐secondary school. Their argument is that students on voca-

tional programs are restricted from engaging with vertically organized knowledge. Instead, the emphasis is on more

directly and contextually dependent, applicable knowledge that is required in their particular future vocations. This

is problematic, both because this deprives students on vocational programs of engaging with powerful (vertical)

knowledge and because this division between vocational and academic education is largely superimposed on

divisions between working‐class and middle‐class students. While there are, of course, important differences

between upper‐secondary programs and engineering education at the university level, we suggest, nevertheless,

that this argument is also relevant in the context we are investigating.

2.3 | Verticality and horizontality in engineering curriculum

Translated into the context of engineering education, we can note that, in Sweden (and in many other coun-

tries, see Becker, 2010; Case, 2017; Thomsen, 2012), an important class‐related difference exists between

prestigious master's degree programs (5 years) and less prestigious bachelor's degree programs (3 years;

Berge, Silfver, & Danielsson, 2019). This difference can also be related to a difference in emphasis between

vertical and horizontal discourse as described above. In the Swedish national directives specified in The Higher

Education Ordinance (UHR, 2015), we can see how, compared to master's degree engineering education, ba-

chelor's degree engineering programs are more oriented towards horizontal knowledge. While the intended

learning outcomes for the master's degree include the ability “to create, analyze and critically evaluate various

technological solutions” (italics added), for the bachelor's degree it is enough to be able to “analyze and

critically evaluate” already existing technologies (UHR, 2015). Similarly, the master's degree requires the

ability to “develop and design products, processes and systems” (italics added), whereas a bachelor's degree

requires only the ability to “design and manage products, processes and systems” (italics added). Lastly, only the

master's degree requires the ability to “contribute to the formation of knowledge.” As can be seen, many goals

overlap, reflecting that both kinds of engineers need access to both horizontally and vertically organized

knowledge. Moreover, as noted by Nylund, Rosvall, and Ledman (2017, p. 792) when discussing vocational

education, “knowledge is rarely organised purely into one of these discursive forms. Instead, most practices […]

involve both these discourses to differing degrees.” Nonetheless, we would suggest that these differences in

emphasis between levels map quite well onto Bernstein's division between vertical and horizontal discourse.

The master's degree is more concerned with esoteric knowledge (i.e., knowledge of “that which is not”) while

the bachelor's degree is mainly concerned with more mundane knowledge (i.e., knowledge of “that which

already is”). In other words, the former is about developing and creating new technologies and knowledge and

the latter is about managing and evaluating already existing technologies. Such mapping also resonates well

with the often quoted notion that “engineers create the world that never was” (Kármán quoted in Crawley et al.

(2014, p. 2)), that is, that engineering is in essence about creating something new. Under such a definition, only

the description of master's degree engineering education in The Higher Education Ordinance would qualify as

proper engineering.
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2.4 | Critiques in tension

From the line of argumentation we extract from the social‐realist tradition above, it seems that providing not only

(middle class) students in prestigious engineering programs but also (working‐class) students (both male and

female) at shorter/less prestigious programs with access to not only horizontally but also vertically organized forms

of knowledge, is important. At the same time, in Bernstein's terminology, the feminist line of argumentation that

critiques reductionism and decontextualization in the engineering curriculum seems targeted mostly at the en-

gineering education curriculum that could be described as privileging vertical discourse. It is in contrast to such a

“conventional” curriculum that one suggests that an increased emphasis on horizontal discourse, or, to use Turkle's

and Papert's (1990) words, “a revaluation of the concrete,” could be gender inclusive. In the section below, we

illustrate how this tension is manifested in relation to an engineering education context that is strongly male

dominated but that does not display some of the characteristics that are often the target for the feminist line of

argumentation that we have identified and discussed above.

To reiterate, we offer this exemplum as an empirical illustration and manifestation of the challenges and

tensions that we trace in the article as a whole. This means that our intention is not to offer the best possible

explanation for what is going on in the investigated setting relative to class and gender as a whole (we could have

drawn on other theoretical resources had this been our mission). Instead, the exemplum has been deliberately

chosen on the grounds that it provides a fruitful empirical point of reference for the theoretical discussion we have

engaged with so far. That is, we believe that the two different lines of argumentation we have discussed so far

intersect here in interesting ways. It should also be acknowledged that we find the case interesting because it

differs a lot from our own previous investigations of gender in science and engineering education (see

Nyström, 2009 [now Silfver]; Ottemo, 2015), where decontextualized teaching of reductionist science and

technology has been dominating.

3 | EXEMPLUM: TECHNOLOGY IN CONTEXT

The exemplum presented here is taken from a larger project (funded by the Swedish Research Council, 2015–2018)

in which we are investigating knowledge and identity production in relation to the shifting character of engineering

and engineering education (see also Danielsson, Gonsalves, Silfver, & Berge, 2019). In this substudy, we followed

students studying mechanical engineering for a bachelor's degree during a course in machine elements held during

the second semester of the students' first year of the program.

The course revolves around learning to design and understand different mechanisms and, in particular, the

so‐called four‐bar mechanism. A largely practical design project makes up a significant part of the course. Here, the

students are supposed to put into practice the theory they learn on the course and design and build a mechanical

construction of their choosing that includes a four‐bar mechanism. Although most teaching takes place in a regular

classroom, the students also spend a great deal of time designing and trying out their constructions in an en-

gineering workshop. Compared to many other courses and most traditional engineering education, the class taking

the course is small, only 26 students. All of the students are male, and a large proportion of them are from a

working‐class background. The teacher is also male and he reports that he has taught the course for the last

25 years and that the course has been “more or less about the same thing.” There is therefore reason to believe

that the course is well adapted for the student group and reflects “what works” (for this teacher) in relation to

teaching this category of students in this setting.

Methodologically, our analysis is based on about 20 hr (spread out over 6 weeks) of participant observation in

the classroom context. The second author followed a majority of the 14, 2‐hr lessons that comprised the course's

formal teaching sessions, producing field notes that constitute the primary data used in this article. The starting

point for her observations was to gain an understanding of the content taught and to forward this knowledge to her
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project team. After every occasion of observation, the second author sent her observation protocol to the other

project members. They in turn read, reflected and sent back comments and critical questions which shaped the

continuing fieldwork. The second author also collected other materials relevant to the course (e.g., PowerPoint

presentations, written assignments, course syllabuses, and other policy texts), which were made part of the data

(cf. Walford, 2008). This latter material functioned mostly as a complement to field notes and was used for

providing necessary context for the first and third authors involved in the joint analysis of data.

As the purpose of the present article is to explore the tensions between the two lines of argumentation

concerning engineering curriculum that we have identified above, stemming from gender and social‐class‐
motivated critiques, respectively, our analysis focuses on the aspects that are argued to be particularly

interesting from these perspectives. We consequently consider the investigation strongly theory‐driven, even
though our initial interest in pursuing this analysis was “inductively triggered,” in the sense that we were

surprised by the way that the setting here explored differed from both our own and many other gender

researchers' previous descriptions of engineering classrooms (see Willis & Trondman, 2000, p. 11f). As we

have seen, the feminist line of argumentation that we have delineated above includes the charge that en-

gineering curriculum is reductionist and thus fails to articulate technological knowledge in context. Instead, it

privileges abstraction and a detached relation between both student and content matter and between student

and teacher. Although not completely overlapping in interest, the social‐realist distinction between vertical

and horizontal discourse directs the analytical attention towards similar aspects, namely to what degree

technological knowledge is tied to concrete experience, “personalized” and/or is more abstractly derived from

disciplinary knowledge. In line with Willis and Trondman (2000, p. 7) we regard these intersecting interests as

“analytic points” serving to guide our focus in the analysis. To be concrete, we went through our field notes

several times, paying particular attention to how and to what degree the content was contextualized or

presented in a decontextualized/reductionist form, and where it was articulated as originating from (i.e., as

more ahistorical and universal/vertically organized disciplinary knowledge or as embodied/everyday/ex-

perimentally rooted knowledge mirroring horizontal discourse). We were also attentive to how the teacher

positioned himself both in relation to the content matter and the students in the class (i.e., as distant/

disconnected/objective or as more engaged/connected/subjective), as well as how students were called upon

and positioned in relation to the content (reflecting the degree to which content was articulated as personally

meaningful to students or meaningful primarily in relation to disciplinary context). Although such themes are

interrelated and hard to separate (even analytically), we have divided the analysis below into three sections.

These all address how technological knowledge is, in fact, contextualized. We emphasize three different

aspects of such contextualization and suggest that technology is contextualized by being: (a) rooted in

everyday experience, (b) articulated as personally relevant in an attached rather than a detached manner, and

(c) historically situated and shown to be emanating out of embodied experience rather than abstractly derived

as the application of mathematics and natural sciences. These can be considered theoretical themes in Braun

and Clarke's (2006) sense, and the analysis as a whole can consequently be described as “explicitly

analyst‐driven” (p. 84).
Given that the analysis is so strongly shaped by theoretically framed themes, it should be acknowledged that

there is of course a lot more going on in the context we investigate than what we discuss here. For instance,

including interview data could have helped us to shed more light on the teacher's motives for engaging in certain

practices, and to assess whether efforts on his part to situate knowledge or make it personally meaningful for

students was in fact successful from the students' perspectives. We do attend to this in the sense that we are

observant on students' responses to the teaching practices within the classroom settings, but ultimately our main

concern is with the enacted curriculum and how this relates to the feminist and social‐realist lines of argumentation

that we have delineated above. It is a limitation of the study that we do not investigate whether the teaching

actually engages students differently relative to their class background or speak to their self‐perceived gender

identity. Given that our ambition is to illuminate and discuss the strained relation between the two different lines of
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argumentation that we trace in this article, and not to assess their respective general validity, we do however find

this a reasonable limitation.

3.1 | Concrete and rooted in everyday experiences

A first observation from our fieldwork is that, throughout the course, the teacher repeatedly emphasizes the value

of experiential and contextually rooted knowledge over the abstract and the mathematically modeled. While

mathematics and more abstract knowledge of mechanisms are not missing from the course, a relative privileging of

concrete and experiential knowledge is nevertheless recurrent. For example, when introducing a particular form of

spiral siphon, the teacher says:

There are no formulas for this, right? An example that one should not always try to calculate, it's too

complicated to calculate, without building different models. It is based on the principle of Archimedes.

Theory isn't always so important, sometimes you have to try it out practically. It's the same thing with air

pumps, two gearboxes are sufficient, but you can only come to this conclusion through testing. If you follow

what you have learnt theoretically, you mistakenly conclude that you need four!

On several occasions, the teacher also suggests that experienced “seniors” are a better source of knowledge

than abstract mathematics and theoretical models. For instance, if students need to determine safety factors to be

used in particular constructions in their future work life, they are encouraged to “ask the “oldies” about which

factor to choose,” rather than relying on calculations. When introducing lubricity, the teacher explicitly states that

the knowledge presented “is based on experience” and that lubrication technologists “know these things.”

Addressing the mechanics of the screw, he further emphasizes the value of experiential knowledge, explaining that

a lot of old engineering workshop managers could use a fingernail to make measurements that many present

engineers can only make with an advanced instrument.

Similarly, even when going through rather theoretical tasks such as abstractly designing a particular four‐bar
mechanism on the whiteboard, the teacher constantly refers back to “the real world.” When deciding on where to

secure a particular point of a mechanism, the focus is not solely on abstractly producing the correct mechanism.

Instead, the teacher also takes time to explain how, using rivets, bonds or welds, such securing could actually be

achieved in practice. At other times, references to war and the military are used to anchor technological knowledge

in real life. The recognition that this is a relevant context for the material being studied is also manifested in the

projects the students choose to build. Several of the study groups choose to construct playful weapon prototypes

such as a potato cannon and what one group calls their “mechanic artillery” (effectively a device for shooting

golf balls).

The course examination follows the same pattern of privileging experience and the concrete over abstraction.

A little way into the course, the teacher explains that a practical demonstration of what the students have built will

be enough, and, unlike what is commonly the case, no report or other documentation of their project work has to be

handed in.

We would argue that, because it deviates from descriptions of many other engineering programs and from the

line of feminist argumentation outlined above, it is relevant to highlight this form of contextualizing the content

matter and grounding it in everyday life or particular “real” contexts. From a Bernsteinian perspective, we can note

that knowledge is presented as originating from concrete experience rather than from the discipline. It is valued for

its concrete usefulness and not for its contribution to theoretical and conceptual understanding. We can under-

stand this as a privileging of the profane‐mundane over the sacred‐esoteric, in accordance with horizontal

discourse.
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3.2 | Attached and personal

The above‐described tying of content to experience and particular contexts is not solely a strategy for making content

tangible and crystallizing its concrete usefulness to students. Such contextualization also gives the teacher scope to model

an attached, rather than detached, relationship to the content matter. For example, modeling the usefulness of knowledge

of the four‐bar mechanism in his own life, our teacher situates himself in relation to the following “hobby project”:

“I'm building a garage with an overhead garage door. I want to construct the door myself, because I'm a

mechanical engineer.” (Students giggle.) “I want there to be light coming in. And then I spoil myself with

an expensive lamp.” (Puts the lamp into the drawing. Repeats “expensive lamp” several times, which

makes the students laugh. Explains the garage is insulated to save energy.) “I want to impress the

neighbours so I want the door to move smoothly.” (His enthusiasm is contagious and all the students are

now concentrated on reproducing the picture on the board in their own notepads.)

This is part of introducing a similar assignment to the students and, as can be seen, the teacher is here

articulating technological knowledge as personally meaningful and contextually relevant in relation to needs

potentially shared by the students.

At another point, a picture of harbor cranes is presented, exemplifying a construction based on the four‐bar
mechanism. The teacher asks whether any of the students come from a nearby Harbor city. One student responds

positively and is asked whether he recognizes the crane from his hometown. Space for the students to take part in a

dialog regarding challenges in constructing cranes is thereby created, providing an opportunity for the students to

engage personally in the class.

A similar strategy for engaging students and simultaneously putting content into context is through illustrating it in

relation to contexts assumed to be of interest to students. Cars, motorsport, and military settings are commonly used

for this purpose. For instance, when discussing “determination of calculation load,” the teacher explains that, as regards

the engine, the impact of vibrations has to be taken into account. Hence: “The constructor needs to take into con-

sideration whether one is designing a car engine or an engine for motocross.” As opposed to being able to handle

abstract formulas, the teacher here emphasizes that the constructor needs to have a certain “feel for” the technology in

question (cf. Mellström, 2002). In this way, technological knowledge is contextualized, situated and framed as embodied.

Similarly, knowledge of friction and lubrication is introduced by referring to the famous Finnish motorcyclist,

Arto Nyqvist, best known for performing spectacular stunts. Showing a picture of Nyqvist sliding on clogs behind

his motorcycle, the teacher says: “I have always referred to Arto Nyqvist. I always show Arto Nyqvist at 200 km/hr

on clogs—it is a very good illustration of the wear hypothesis.”

Through such contextualization, the teacher both articulates the contextual relevance of technological knowledge

and models a particular relation to the content being delivered, thereby inviting the students to identify with him and

share his passion for mechanisms. We would argue that this represents an attached approach to technological

knowledge, which means that the feminist argument that “detached ideals” masculinize the engineering curriculum is

not applicable. From a Bernsteinian perspective, we would also say that this represents a privileging of horizontal over

vertical discourse. What we observe corresponds quite closely to how Bernstein (1999) describes horizontal knowledge

as “embedded in on‐going practices, usually with strong affective loading, and directed towards specific, immediate

goals, highly relevant to the acquirer in the context of his/her life” (p. 161).

3.3 | Embodied and historically situated

Other strategies used extensively for contextualizing content and articulating technological knowledge as embo-

died and springing out of experience involve historizing and personalizing the origin of knowledge. Throughout the
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course, the students frequently meet technical “heroes” and entrepreneurs of the past. As early as the first lecture,

the historically famous Swedish inventor Christopher Polhem is introduced, with a picture bearing the headlines

“universal genius” and “father of the mechanism.” The students are then introduced to several of “his” mechanisms.

The tone is personal. For instance, the teacher explains that Polhem educated “art masters” (a title once applied to

engineers who had mining qualifications): “The forerunners to what you are going to become.” Through such

strategies, the students are urged to identify with their future vocations and the field of mechanisms is made

tangible and concrete. Not only is Polhem a “universal genius”, the students are told, he also taught students just

like themselves. This is far removed from representing knowledge as objectively given and encouraging detachment

from the content.

In the second lecture, Scottish inventor James Watt (famous for improving/“inventing” the steam engine)

and German engine inventor Felix Wankel are introduced and used as vehicles to personalize and “embody” the

day's content. The teacher labels the Wankel engine as “ingenious” and complains about the fact that it is not in

use today. At this point, the students spontaneously engage in the discussion, one of them mentioning a make

of car that does in fact use the engine. Another suggests that it only works well at particular speeds. Following

this unprompted engagement on the part of the students, the teacher encourages their enthusiasm by showing

“some nostalgia pictures” and explicitly declaring: “It would be fun if one of you would do a project on the

Wankel engine. If you do, I will sponsor you so that you can buy an old engine. Come talk to me!” As can be

seen, the teacher here articulates both a personal engagement with, and passion for, the subject matter being

taught. Simultaneously, he invites students to share this passion and engage with the Wankel engine, exploring

its pros and cons as well as its history. In both this instance and in the example of the garage door (described in

the previous section), a particular form of bonding around particularly fascinating forms of technology is made

possible.

There are multiple examples of this kind in our field notes. We suggest that the examples show how the teacher

makes explicit efforts to both personalize and historize content matter, making it tangible and accessible to the

students. The examples also show how engineering knowledge is not just the application of mathematics and

natural science. Neither does engineering knowledge just “drop out of the sky.” Instead, the teacher makes it clear

that said knowledge has historical origins. Through “personal identification,” this also provides scope for modeling

an engaged and attached relation to the content matter. Again, we would suggest that this does not exemplify a

masculinization of the curriculum through celebrating “the separation of engineering knowledge from self [and]

from sociohistorical location” (Stonyer, 2002, p. 394f). However, in its “personalized” rooting of knowledge and

privileging of concrete and immediate usefulness of, for example, knowledge of engines, it does correspond to a

relative emphasis of horizontal over vertical discourse.

4 | DISCUSSION

It should be clear from the description above that our exemplum represents a poor target for the line of feminist

argumentation that critiques “masculine” engineering curriculum for being reductionist, decontextualized,

detached, and modeled on mathematics and the natural sciences. Given that the program is completely male

dominated, this can be considered somewhat surprising. Obviously, from a more general feminist standpoint, there

is reason to be critical of how the domains chosen when illustrating contextual relevance are largely associated

with masculinity (cf. Mills et al., 2010). We would certainly also suggest that the attachment to technology and the

close bonds the teacher invites the students to share underpin homosocial, masculine bonds (cf. Mellström, 2002).

Moreover, the assumed tinkering skills and previous life experiences can be considered typically masculine

(cf. Faulkner, 2000; Herman & Kirkup, 2017; Margolis & Fisher, 2002). As described above, these are critiques that

have been previously formulated. We are sympathetic to these and would argue that they are valuable in sug-

gesting that how contextualization is effected is important to analyze in relation to gender. Nonetheless, our
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exemplum illustrates that there is no necessary link between contextualizing technological knowledge by tying it to

“the real world” and stressing its usefulness, and a gender‐inclusive engineering curriculum. There is nothing to

suggest that contextualization, in itself, makes the curriculum we have studied more gender inclusive. As illustrated

by our exemplum, the opposite could in fact be argued, that is, that contextualization can easily contribute to the

masculinization of engineering education.

We would argue that one reason why the feminist line of argumentation that critiques the reductionist

engineering curriculum for being masculinist does not seem entirely appropriate in relation to our exemplum is

because such critique has traditionally focused on relatively “prestigious” engineering education. To speak with

social‐realist terminology, it seems reasonable therefore if it is more attuned to the gendered problematics sur-

rounding vertically organized knowledge. Given the history of engineering education, this is not unwarranted.

However, the program we have studied does not represent a very prestigious educational choice. As mentioned

above, Swedish engineering education is divided into two levels. One of these is the longer, traditional and,

relatively speaking, prestigious 5‐year program awarding the equivalent of a master's degree. The second is the

shorter, 3‐year, more practically oriented and less prestigious program awarding the equivalent of a bachelor's

degree. This difference between programs with regard to status and level of degree is, perhaps unsurprisingly,

mirrored by class differences. Nationally, students with working‐class backgrounds are much better represented on

bachelor's degree programs than on master's degree programs (Statistiska centralbyrån, 2016; Sveriges

Ingenjörer, 2008). This is reflected in the mechanical engineering program we followed. Based on our analysis, we

would suggest that this difference in class composition shifts the gendered logics that are targeted by the particular

feminist line of argumentation we have discussed in this paper.

As demonstrated in the analysis above, we further suggest that Bernstein's distinction between vertical and

horizontal discourse can be productively employed in addressing such class‐related differences in the engineering

curriculum. Starting from such a viewpoint, we can see that it is in line with what could be expected from a social‐
realist perspective that the curriculum in our exemplum emphasizes horizontal over vertical discourse. As illu-

strated, rather than orient the students towards the abstract or conceptual, the teacher in our exemplum

articulates the knowledge presented as contextually bounded. The content matter is, relatively speaking, more

often presented as derived from the “shop floor” and experienced experts rather than from disciplinary knowledge

of mathematics and natural science. Its meaning is primarily articulated as dependent on the everyday practical

context in which it is useful (horizontally), rather than in relation to other concepts and hierarchically ordered

disciplinary knowledge. Similarly, regarding the project work central to the course, the opportunity to abstract

knowledge from contextual specificities and to formulate more generalized lessons from the project work is largely

lost when the assessment of the project is reduced to the practical presentation as opposed to documenting and

reflecting on the project in a written report. Following Wheelahan (2007) and Nylund et al. (2018), we suggest that

this relative prioritization of context, attachment, emotional involvement, and everyday applicability of knowledge

can be understood as a manifestation of a relative orientation of this bachelor's degree program towards students

from working‐class backgrounds.

This is not to suggest that the social‐realist critique of the curriculum is generally more “valid” than the feminist

line of argumentation we have explored in this article. What we want to draw attention to is, instead, that the

feminist line of argumentation that associates the masculinity of engineering education with a reductionist curri-

culum privileging decontextualized knowledge has limited validity, and is not automatically applicable when less

prestigious engineering programs are investigated. Other logics seem to be operating here, and using a social‐
realist lens allows us to see how some of these are tightly interwoven with the reproduction of class hierarchies.

This does not mean, however, that the distinction between vertical and horizontal discourse provides an all‐
encompassing better framework for analyzing the kind of engineering education we have explored in this

paper, than a feminist critique of reductionism. The distinction between vertical and horizontal discourse provides

no conceptual basis for getting to grips with the strong masculine dominance of the exemplum program that
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we in fact see. What it does is to provide a way of appreciating how classed logics operatein the setting we

have explored.

Our overarching ambition with combining these two lines of argumentation and illustrating their bearing on

our exemplum is, therefore, not to suggest that they are in opposition in the way that a social‐realist analysis is

more appropriate when analyzing some engineering education and that feminist critiques of reductionim in the

curriculum are more appropriate in other settings. Instead, we want to put these perspectives into “productive

conflict” (Scantlebury, 2014, p. 198). From a social‐realist perspective, this allows us to raise concerns regarding

feminist demands for engineering education to become more problem based and oriented towards context,

practical relevance and everyday needs (e.g., Du & Kolmos, 2009). Such measures might be called for to recruit and

motivate students but, following a social‐realist analysis, they also need to be carefully weighed against the risk of

unintentionally reinforcing a social‐class segmentation of engineering programs (cf. Shay, 2013, p. 578). Conversely,

a social‐realist analysis that challenges demands for a more “contextual and situated” curriculum can, in turn, be

criticized for not sufficiently taking into account the lessons that can be learned from feminist critiques of the

reductionist engineering curriculum. Our analysis does not undermine the claim that the engineering curriculum

can indeed be reductionist and too focused on theory and abstraction. Naturally, while such reductionism con-

tributes to making engineering knowledge powerful (Pleasants & Olson, 2019), this can be alienating for students

and particularly problematic for students who do not match the normative and who already struggle to “fit into”

engineering education (e.g., female or other minority students). This is an important lesson from feminist research

and highlights how feminist interventions into engineering education can be of value to a range of students,

regardless of whether there are female students present in a particular classroom setting or not. Such insights can

also be related to ongoing discussions on the conflicting demands on curriculum within social‐realist research itself.

In particular, there are parallels here to how Muller (2015) discuss the need for engineering education to steer a

course between a traditionalist/elitist curriculum that privileges the teaching of disciplinary knowledge at an

ever‐increasing pace, and a “progressive” curriculum that builds on an “over‐socialized” concept of knowledge that

is highly attentive to the learner but puts knowledge itself in the background. Or, as Rata et al. (2019, p. 6)

formulate this:

The challenge for the social‐realist project is to theorize an accommodation between academic knowledge,

often seen as lacking relevance to students' lives in the 21st century, and a progressive form of pedagogy

aimed at engaging students with this knowledge.

Against this background, it is important to stress that our analysis does not aim to discredit critiques of

engineering education that is, in fact, reductionist, abstract, and detached. Neither is our analysis an argument

against more contextually oriented teaching per se. Instead, we consider it to be a call for caution when critiquing,

and arguing for changes to, engineering curriculum. Based on our analysis, it seems important that any such critique

is attentive to the diversity of both engineering education as such (e.g., as regards the level of degree studied for)

and engineering students (e.g., as regards class and gender). In the above, we have ourselves addressed only a

limited aspect of such diversity, namely, the difference in degree studied for (as manifested in the curriculum) and

how this difference can be understood from class and gender perspectives. This does not provide a basis for

engaging with all the complexities related to formulating intersectional critiques of the engineering curriculum (see,

e.g., Gunnarsson, 2017). Nevertheless, as an implication for policy development shaped by intersectional ambitions,

we would suggest that our analysis highlights the risk that, although rooted in a desire to develop inclusive

engineering education, the feminist line of critique of curriculum explored in this article could potentially contribute

to an increased differentiation between, on the one hand, “inclusive” practical programs teaching “technology in

context” and, on the other, more “exclusive” traditional academic programs reserved for upper‐middle‐class
students.
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It is with the ambition of countering this risk that we have wanted to put the social‐realist critique of calls

for more “contextual and situated” (Wheelahan, 2010, p. 1) learning in productive conflict with the particular

line of feminist argumentation that sees this as a road to gender pluralization. We hope that in so doing, we

provide a frame of reference for addressing some of the complexities involved in developing an inclusive

engineering curriculum, particularly when it comes to questions of contextualization and reductionism. As we

have tried to make clear through the analysis of our exemplum, contextualizing engineering knowledge is

complicated and no “innocent” undertaking. Almost by definition, it entails bringing “the human world,” imbued

as it is with notions of both class and gender (etc.), into the picture. If we want our students to identify with the

content, to be able to envision themselves in situations where what they learn is useful and to be engaged and

passionate about what they learn, we need our teaching to speak to them as subjects. Doing so without also

speaking to their gendered and classed experience in a way that marginalizes other experiences can indeed be

difficult. Similarly, tying the relevance of knowledge to a world run through by gender, class, and other

hierarchizing differences, without privileging some perspectives over others, can indeed be hard.

Hypothetically, one could, of course, extrapolate the Bernsteinian argument for emphasizing vertical knowl-

edge over horizontal to its extreme, and suggest that a curriculum that exclusively privileges abstract

mathematics and reductionist technology with unclear relevance to students, is, in fact, inclusive, insofar as it

speaks explicitly to no one in particular and, consequently, implicitly to everyone. Then again, such a

“traditionalist” curriculum could probably be better described as being just, only in the sense that it excludes

most categories of students. In any case, we hope to have demonstrated that efforts directed at making

engineering curriculum more inclusive can benefit from being attentive to both feminist and social‐realist lines
of argumentation, particularly if these are put in “productive conflict” (Scantlebury, 2014, p.198).
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