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ABSTRACT ARTICLE HISTORY
Research on the effectivity of PowerPoint presentations as an adjunct Received 22 November 2023
to theoretical and practical content during university lectures has gar- ~ Accepted 16 April 2024
nered significant yetinconclusive findings. Specifically, how multimodal KEYWORDS

academic content should be organised to aid communication remains English-medium

unclear. Legitimation Code Theory (LCT) introduces the concept of instruction (EMI); ICT skills;
‘semantic waves’ as an effective means to understand cumulative multimodality; PowerPoint
knowledge-building practices by modelling how forms of academic presentations; semantic
content are unpacked and repacked to facilitate understanding. This waves

study applied ‘semantic waves' to better understand how academic

knowledge is constructed in multimodal PowerPoint presentations and

whether differences exist based on discipline, language of instruction

and modes used. Seventy-two lectures from subjects taught in the L1

and English-medium instruction were examined across four disciplines

at two Spanish universities. Results showed that slide content in the

soft sciences developed semantic waves to a greater extent, particularly

in L1 Arts & Humanities lectures. Limiting slide content to the combi-

nation of text and graphics appeared to constrain scaffolding strategies

in the process of meaning-making, while video content was linked to

semantic waving. Finally, some pedagogical implications based on

these results are presented.

1. Introduction

Since the emergence of information and communication technologies (ICT), the use of
PowerPoint presentations as an adjunct to theoretical and practical content has incremented
among university teachers (Leén and Garcia-Martinez 2021). However, the way in which
PowerPoint is used and the form it takes has been shown to differ greatly among teachers,
between faculties (Ledn and Garcia-Martinez 2021) and based on the language of instruction
(Bolton and Kuteeva 2012). Although these concerns have been addressed in several
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educational studies (e.g. Cosgun Ogeyik 2017; LeFebvre et al. 2022), findings remain incon-
clusive. More importantly, how multimodal academic content should be conveyed in
PowerPoint presentations to ascertain pedagogical effectivity remains unclear. The fact that
students continue to be uniformly in favour of slide content being used in lectures (Cosgun
Ogeyik 2017; Dandekar et al. 2017) and that students who prioritise PowerPoint slides may
not retain important information in oral explanations (Wecker 2012) make slide content a
relevant issue. In addition, the evident surge of English-medium instruction (EMI) in uni-
versity degree programmes (Lasagabaster and Doiz 2021) foregrounds the need to examine
PowerPoint content from a multilingual perspective.

PowerPoint presentations facilitate the creation of multimodal texts that can combine
writing, image, sound, and other modes. When used as a teaching resource, it is always the
teacher who decides on how multiple modes (i.e. text and/or graphics and/or audio) are
composed to make meaning (Bezemer and Jewitt 2018). For multimodal instruction to be
effective it needs to be underpinned by research-based principles of how people learn (Mayer
2014, 155). Cumulative knowledge-building learning practices enable students to build on
previous understandings and transfer what they learn into future contexts. In this vein,
Legitimation Code Theory (LCT) is a sociological framework that can be applied to explore
and improve cumulative knowledge-building learning practices in academic settings (Maton
2014), with recent interest burgeoning in EMI contexts (e.g. Argiielles-Alvarez and Morton
2023; Bozbiyik and Morton, 2023a, 2023b).

Drawing on Bernstein’s ‘code theory’ (2000) and Bourdieu’s ‘field theory’ (Johnson and
Bourdieu 1993), LCT’s principal goal is the analysis of the organising principles that shape
and change the production and reproduction of knowledge in educational fields (Clarence
20164, 5). Specifically, the dimension of Semantics from the LCT framework (see Maton
2013, 2014) can be used to understand how the complexity of meaning and its embedded-
ness in context are linked in meaning-making. Through it, we can explore the kinds of
pedagogy that enable and constrain cumulative learning when using teaching resources
such as PowerPoint. The dimension of Semantics analyses how teaching and learning are
enacted in any given subject through recurrent movements between simpler and more
complex, and concrete and abstract forms of academic content, conceptualized as semantic
codes that comprise strengths of semantic gravity (SG) and semantic density (SD). SG refers
to the degree to which the meaning relates to a context: the more meaning relies on its local
reference, the stronger it is, whereas the more decontextualised and abstract the meaning,
the weaker it becomes. SD refers to the complexity in meaning of a concept, word or phrase:
stronger SD indicates that a symbol or term has a greater concentration of meanings con-
densed into it and may need to be further unpacked for non-experts to understand; weak
SD implies that the meaning of a symbol or term is less complex and more transparent and,
therefore, easily understood by non-experts without having to break it down further
(Maton 2013).

By tracing the strengths of SG and SD over time, we can generate a semantic profile and
an associated semantic range that illustrates how subject-content knowledge (i.e. concepts
and theories) is unpacked and repacked in PowerPoint presentations. Recurrent shifts
between unpacking (downward shift in the semantic profile) and repacking (upward shift),
referred to as ‘semantic waves, have been shown to be conducive to enabling learners to
build their mastery of a subject (e.g. Curzon et al. 2020; Maton 2019). A semantic wave
structure can be achieved when abstract language and technical concepts that need to be
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covered are unpacked using concrete contexts and simpler language, and these ideas are
then repacked again by linking them back to the abstract concepts and technical language
students need to master. In effect, unpacking is when abstract ideas are linked to concrete
examples, and complex knowledge is broken down into component ideas, expressed in
everyday language. Repacking is where the concrete, simpler knowledge is connected back
to the more abstract and technical knowledge (Curzon et al. 2020; Maton 2019). In contrast,
semantic profiles that remain more static, either because academic content involves only
abstract concepts or dense meaning, focusses solely on simpler knowledge using everyday
language, or includes no repacking of knowledge back to the abstract once a concept has
been unpacked, are considered less favourable for students’ knowledge-building practices
(Curzon et al. 2020, 2).

Airey (2020) argues that disciplines have their own specialist discourses that students
need to master. Although studies (e.g. Argiielles-Alvarez and Morton 2023; Mouton 2020)
have applied semantic profiling to determine how to improve learning through disciplinary
knowledge construction at university, PowerPoint presentations have not been examined.
This study applied ‘semantic waves’ to better understand how knowledge is constructed in
multimodal PowerPoint presentations used in undergraduate courses and whether differ-
ences exist based on discipline and language of instruction, as noted in previous studies
(e.g. Bolton and Kuteeva 2012; Leén and Garcia-Martinez 2021). Seventy-two lectures from
four disciplines (Arts & Humanities; Sciences; Social & Legal Sciences; Architecture &
Engineering) were recorded and examined in relation to subjects taught in the L1 and EMI
at two Spanish universities. Given the digital nature of PowerPoint, the European Framework
for the Digital Competence of Educators (DigCompEdu) was used as a starting point to
measure the impact of lecturers’ perceived ICT skills on the development of semantic waves.
In the remaining sections, this paper provides a brief literature limning the research ques-
tions. After which, the objectives and methods of our study are outlined. In the results
section, we highlight the significant data garnered upon statistical analysis, prompting a
discussion on the implications of our findings. Finally, we conclude with some pedagogical
implications and recommendations for future research.

2, Literature review
2.1. Knowledge construction

One of the objectives of multimodality is to analyse how teachers choose different semiotic
resources (e.g. verbal, visual, aural, spatial), in terms of their meaning potential and how
they function, to communicate in university classes. Multimodal research aims to explore
how different modes contribute and interact with each other in the same communicative
event (Fortanet-Gomez and Crawford Camiciottoli 2015). In the context of EMI, Morell
(2018) defends that teacher training courses should include the development of multimodal
competence (i.e. the ability to understand the combined potential of these modes for making
and eliciting meaning).

Visuals in presentations are considered a major resource for meaning-making since they
include a combination of modes wherein meaning is distributed across all the modes (Jurado
2015). So far, studies (e.g. Bernad-Mech6 and Fortanet-Gomez 2017; Morell et al. 2020;
Querol-Julidn 2023) have shown that EMI instructors use and combine content on the
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screen with other semiotic resources such as questioning practices or non-verbal language
to construct meaning. What remains unexamined is slide content as a multimodal semiotic
resource per se. While Bernad-Mech¢ and Fortanet-Gomez (2017) noted that references to
slides during spoken discourse were clearly higher when lectures were in English in com-
parison to Spanish, Morell et al. (2020) concluded that further examination of visuals and
the multimodal discourse of specific disciplines is needed to determine if there are differ-
ences regarding the construction of meaning. LCT Semantics could serve to establish con-
nections between EMI lecturers’ disciplinary knowledge building practices and the semiotic
resources used to enact them.

For over 20years educational research has highlighted the significance of disciplinary
differences when it comes to the construction of academic knowledge (Kuteeva and Airey
2014). Becher (1989) classified disciplines according to four major categories: ‘pure hard’
(e.g. physics or chemistry), ‘pure soft’ (e.g. history or anthropology), ‘applied hard’ (e.g.
engineering) and ‘applied soft’ (e.g. education). From an EMI perspective, Airey (2020, 7)
extols that EMI research be driven by disciplinary rather than linguistic interests if we want
content lecturers to consider language seriously. Although slide content has not been tackled,
Argiielles-Alvarez and Morton (2023) applied LCT Semantics to examine disciplinary
knowledge construction in EMI lecturers in an applied hard sciences context. Semantic
profiles highlighted subtle variations and patterns in the classroom discourse of two lecturers
teaching the same subject (i.e. applied computing) at undergraduate and postgraduate levels.
Both lecturers strengthened SG by embedding knowledge in specific contexts, albeit using
difference strategies. In terms of SD, however, the introductory course for non-experts at
postgraduate level tried to reduce complexity, while the third-year undergraduate module
on telecommunications covered many technical terms, which escalated complexity in mean-
ing. In their recommendations, the authors encourage the need for modelling and demon-
stration of processes with the use of everyday language to facilitate students” appropriation
at a practical level of computer applications, particularly in the final years of undergraduate
study. The examination of disciplinary knowledge construction across similar subjects from
the same level of tertiary education is still needed, however.

In the pure soft sciences, but in an EAP (English for Academic Purposes) context, Kirk
(2017) implemented semantic profiling to facilitate a shift toward the realisation of disci-
plinary expectations in writing reflections among anthropology postgraduates. Students
were shown how a selection of reflections and insights could be visualised as movements
between relatively context-dependent meanings (SG+) through more generalised and
abstract meanings less dependent on a particular context (SG-). Reporting a highly positive
impact, the intervention observed how students immediately reworked drafts after attending
each session, armed with a practical means of reanalysing their own writing. Beyond EMI
but still in the context of higher education, in the pure hard sciences, Cranwell and Whiteside
(2020) found that university teachers exhibited a flatter semantic profile than high school
teachers regarding the complexity of spoken-language explanations. While SD remained
stronger regardless of context (i.e. symbols or terms needed to be further unpacked for
non-experts, with a similar complexity of chemistry-specific vocabulary being used by all
teachers), SG was more decontextualised and abstract in tertiary education. Mouton (2020)
intentionally steered first-year biology students towards creating semantic movement during
their presentations. Stronger students displayed a wider semantic range to address certain
questions and showed a better understanding of why this was necessary. In the soft applied
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sciences, Clarence (2016b) reported that a certain degree of unpacking and repacking was
required to enable foundational first-year law students to learn challenging core concepts
cumulatively over a course semester.

2.2. PowerPoint use

Generally referred to as ICT literacy, one of the key competences of any 21st century edu-
cator is the ability to adopt, adapt and use information in a variety of digital contexts
(Cabero-Almenara et al. 2021). ICT literacy has been linked to lecturers’ PowerPoint pre-
sentation skills (e.g. Amua-Sekyi and Asare 2016; Santos et al. 2022). Although educators
know to use ICT tools such as PowerPoint, they do not take full advantage of them. The
successful integration of these tools depends on the ability to merge technology in new
pedagogies that incorporate visual and/or auditory media (i.e. ICT literacy skills), which
varies significantly across disciplines (e.g. Cabero-Almenara et al. 2021; Sanchez-Caballé
and Esteve-Mon 2022; Sanchez et al. 2021), the sciences reporting lower scores than those
in the Arts & Humanities, Social & Legal Sciences and Architecture & Engineering. The
use of lecturers’ own perception to determine skill competency in these previous studies,
however, is a limitation which this study intends to address supporting self-reported data
with demonstrated performance.

An additional concern is that findings do not confirm that PowerPoint presentations
improve academic outcomes despite students’ positive attitudes towards slide content (e.g.
Baker et al. 2018). To uncover the characteristics that make PowerPoint a useful tool, schol-
ars (e.g. Baker et al. 2018; Leén and Garcia-Martinez 2021; Roberts 2017) insist that we
need to understand how different modes are embedded to make meaning (Bezemer and
Jewitt 2018). Although the combination of modes through pictures, mental imagery, and
verbal elaboration in one medium may support learning, there is also a limit to the amount
of information each student can process at any one time (Lewis 2016). PowerPoint may
create difficulties for students to figure out the given information due to cognitive capacity
overload. Regardless of discipline, students in a study by Roberts (2017) felt that multimodal
lectures were effective when they resembled a form of storytelling. When the spoken word,
text and images simply replicated each other this forced a choice as cognitive demands
exceeded students’ processing capacities. Students were unsure as to which mode to focus
on and found slides that favoured a text-centric approach extremely counterproductive. It
is at this stage when semantic waves could aid the narration of academic content.

In relation to whether certain modes are more effective than others, despite students’
preference for image-based slide provision (e.g. Johnson and Christensen 2011), only when
these were relevant and supported text-based information did they report superior learning
outcomes (e.g. Hallewell and Lackovic 2017). Additionally, Baker et al. (2018) found that
progressively displaying figures or images (i.e. videos or animations) facilitated more reten-
tion. Not only do lecturers need to choose their images meticulously, but they also need to
consider how these graphics are used in meaningful ways during instruction to represent
conceptual information and guide students’ attention. However, examining modes in oppo-
sition fails to disclose multimodal meaning-making practices in presentations. The appli-
cation of semantic waves may be a more fruitful line of scholarship to pursue as it can show
how modes represent conceptual information within and across slides.
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The impact of EMI on PowerPoint content has also generated interest, yet the results are
far from being conclusive. Velilla-Sanchez (2021) found that EMI interlocutors exploited many
more resources in communication and meaning construction. Slides in EMI lectures had more
occurrences of code-switching to help make the lectures easier to follow than those used in the
L1-medium taught group. In a study by Jiang et al. (2016), meaning construction and trans-
mission was supported with written prompts that served to eliminate non-comprehension due
to language proficiency issues. Similarly, Alkash and Al-Dersi (2013) observed that Powerpoint
presentations helped English Foreign Language student-teachers overcome language barriers
to grasp and understand the main concepts and theories in this subject more easily. In contrast,
Cosgun Ogeyik (2017) noted PowerPoint to be less effective than conventional lectures on
English student-teachers’ achievement in pedagogical content knowledge, while Bolton and
Kuteeva (2012) reported very diverse patterns of disciplinary EMI-language use.

In sum, the literature reinforces the need to unravel how conceptual knowledge is rep-
resented in PowerPoint presentations for it to be effectual. Although the findings on seman-
tic waves elucidate upon how scaffolding strategies to steer semantic movement through
modelling can be implemented to improve knowledge-building practices at university level,
the general trend has been to focus on one single discipline and mode. Based on the above
findings, and in order to advance the fields of multimodality and semantic waves research
within higher education, this study provides a comprehensive view of how modes in com-
bination represent knowledge-building practices in PowerPoint presentations across dis-
ciplines and teaching practices in different languages (i.e. L1 Spanish/Asturian and EMI)
and aims to answer the following two questions:

« RQI1: What is the impact of perceived ICT skills on the range of semantic codes
developed in PowerPoint presentations?

« RQ2: How are semantic codes and waves developed in PowerPoint presentations
across disciplines and in different languages of instruction?

3. Methods

To enhance the validity of our findings and mitigate research biases, mixed methods and
triangulation were applied in the current study. A survey was used to gauge participants’
perceived level of ICT competence and quantitative observation was employed to identify
semantic codes and modes (i.e. knowledge construction practices) in slide content during
lectures recorded. First, statistical analyses (i.e. normality tests, Spearman’s Rank, Kruskal-
Wallis, and Wilcoxon Signed Rank tests) were conducted to identify significant patterns
between the overall number of semantic codes participants demonstrated in PowerPoint
presentations and perceived level of ICT competence, disciplinarity and language of instruc-
tion variance. To gain a more nuanced understanding of lecturers’ meaning-making prac-
tices, quantitative trends were triangulated with qualitative semantic profiling and
multimodal analysis (i.e. the combination of modes used in slide content).

3.1. Participants

To recruit participants for our study, lecturers from four disciplines (i.e. Arts &
Humanities, Social & Legal Sciences, Sciences, Architecture & Engineering) within
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bilingual undergraduate degree programmes at two Spanish universities, which the
first researcher of this study had access to, were contacted. A total of 20 lecturers from
these four fields of knowledge were willing to participate, which included EMI (9) and
L1 Spanish/Asturian (11) lecturers from the same undergraduate degree and year. The
participants could be regarded as experienced teachers. The majority (75%) had been
teaching for over 10 years (40% for over 20 years) and 25% had been teaching between
6 and 10 years. Most participants (75%) had more than 10 years’ experience using ICTs
in their teaching. Table 1 shows the distribution in percentages of several demographic
variables occupied by each lecturer based on language of instruction.

3.2. Instruments

The European Union’s Digital Competence Framework for Educators (DigcompEdu) self-
assessment tool (Redecker 2017), validated in numerous studies (e.g. Cabero-Almenara
et al. 2021; Ghomi and Redecker 2019; Mora-Cantallops et al. 2022), was used to measure
lecturers’ perceived ICT skills. The questionnaire was presented in Spanish and English via
the online survey application Encuestafacil.com (EasyGoingSurvey.com) and included seven
areas of ICT competence (see Appendix): A1 Professional Engagement (4 items); A2 Digital
Resources (3 items); A3 Teaching and Learning (4 items); A4 Assessment (3 items); A5
Empowering Learners (3 items); A6 Facilitating Learners’ Digital Competence (5 items);
A7 Open Education (3 items). As per the DigCompEdu framework, all items were scaled
from 0 to 7 points, ranging from levels Newcomer (A1), Explorer (A2), Integrator (B1),
Expert (B2), Leader (C1) to Pioneer (C2). Level 0 is applied to situations in which lecturers
have no competence in that domain. In addition, 18 items were included to collect back-
ground data on participants’ age, gender, and use of technology in a range of personal,
professional, and linguistic contexts.

A total of 72 lectures were video recorded over the course of the first semester in
2022, which provided a total of 88 hours of academic content (L1 =49 hours; EMI =
39 hours). Recordings captured PowerPoint presentations and verbatim classroom dis-
course during lectures, which were later transcribed and coded by the first author of

Table 1. Description of the participants.

Discipline Gender Age English level Years teaching Years ICTs
EMI Arts & Humanities = 2 56% Male 44.5% 40-49 11% B1 11% 6-10 56% 10-14
(n=9) Sciences =2 44% Female  44.5% 50-60 11% B2 22% 11-15 22% 15-19
Social & Legal 11% 60+ 33%C1 11% 16-20 22% 20+
Sciences =3 45% C2 56% 20+

Architecture &
Engineering =2

LT (n=11) Arts & Humanities = 2 55% Male 18% 30-39 9% A2 37% 6-10 45% 6-9
Sciences =1 45% Female 37% 40-49 18% B1 27%11-15 37%10-14
Social & Legal Sciences =5 27% 50-60 37% B2 9% 16-20 18% 20+
Architecture & Engineering 18% 60+ 27% C1 27% 20+

=3 9% C2

Total Arts & Humanities = 4 55% Male 10% 30-39 5% A2 25%6-10 25% 6-9

(n=20) Sciences =3 45% Female 40% 40-49 15% B1 25% 11-15 45% 10-14
Social & Legal Sciences = 8 35% 50-60 25% B2 10% 16-20 10% 15-19
Architecture & 15% 60+ 30% C1 40% 20+ 20% 20+

Engineering=5 25% C2
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this study. Maton’s (2013) semantic codes were used to analyse content in PowerPoint
presentations. The concepts of SG and SD were applied to measure the degree to which
slide content was dependent on context (SG) and the degree to which meaning in content
was condensed (SD). The continua of strengths of SG and SD density were measured as
axes of a semantic plane (see Figure 1) with four principal modalities: rhizomatic codes
(SG—, SD+); prosaic codes (SG+, SD-); rarefied codes (SG—, SD-); and worldly codes
(SG+, SD+). When content represented knowledge that was firmly grounded in a specific
context, perhaps with examples from everyday life, or an artifact or visual present in the
physical surroundings, it was coded as having strong semantic gravity (SG+). Content
that included knowledge that was more abstract and removed from any specific context
was coded as having weaker semantic gravity (SG-). Ideas, concepts, texts, or visuals
that were highly condensed or ‘packed’ with meaning in content (i.e. very technical and
would need to be ‘unpacked’ for non-experts) were coded as having high semantic density
(SD+). When meaning in content was less complex, more transparent, and did not
normally need unpacking, it was coded as having lower semantic density (SD-) (Maton
2019, 64-65).

Slides that included one mode only (e.g. only text — see Figure 2) were coded as one
item of content. Slides that combined a range of modes (e.g. text, video, and graphics -
refer to Figure 3) were coded individually, each mode representing a separate item (e.g.
text =11, video content =i2, graphic 1 =i3, graphic 2 =14, etc.) and coded in the same order
as presented by the lecturer. In the case of Figure 2, the item was coded as rhizomatic (SG-/
SD+) as meaning was abstract and highly condensed and removed from any specific
context of use or application (i.e. students would need some previous disciplinary-related
knowledge to understand the processes exemplified). In Figure 3, however, both items
(i.e. the text =11; the image =1i2) were coded as prosaic (SG+/SD-) as they displayed mean-
ings that were less condensed, more ‘everyday’ and grounded in a specific context or
concrete reality (i.e. there is less to unpack and most students would be able to grasp the
ideas and concepts developed in the text and graphic regardless of whether they are familiar
with Joyce’s work or not).

Figure 1. Semantic plane and codes (Maton 2016, 16).
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Figure 2. Slides with one mode (i1).

Figure 3. Slides with multiple modes (i2 =text and i3 =image).

3.3. Procedure

Lecturers were asked to complete the DigCompEdu self-assessment questionnaire online
during the length of the study. The survey was conducted in accordance with institutional
review board privacy, security, and informed consent parameters that included a note that
the results would be anonymised. Once permission was obtained from lecturers and their
students to record their classes, we observed and recorded a total of 72 lecturers (EMI = 37;
L1=35) from four disciplines: Arts & Humanities, Sciences, Social & Legal Sciences, and
Architecture & Engineering. PowerPoint slide content used in the lectures recorded was
coded by the first author of this study according to Maton’s (2019) semantic plane and codes
(Figure 1). Lecturers were attributed a semantic code range score of between 1 and 4 based
on the entire duration of each participant’s recordings. Lecturers who reported one type of
semantic code throughout their recordings (e.g. only prosaic codes) attained a semantic code
range of 1; those who employed two codes (e.g. only prosaic and rarefied codes) obtained a
semantic code range of 2; and those who employed either three (e.g. only prosaic, rarefied
and rhizomatic codes) or four codes (a full range of prosaic, rarefied, worldly and rhizomatic
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codes) were attributed a semantic code range of 3 or 4, respectively. To confirm accuracy,
the first author of this study reviewed the data coded again after a period of two weeks. Non-
parametric correlational, rank-based, and statistical hypothesis tests were used. Given that
even sizable differences may test as non-significant in small samples, as is the case in this
study (n=20), when certain trends were detected observing the sample, these are also outlined
to follow. Quantitative analyses were conducted on all survey data collected and slide content
items coded (1,680 in total) using base R (R Core Development Team, version 4.1.3. 2022).

As in previous studies (e.g. Argiielles-Alvarez and Morton 2023; Curzon et al. 2020),
semantic profiling was applied to further explore semantic codes and waves from a quali-
tative perspective. To reveal shifts between the forms of knowledge being expressed and
levels of complexity and context-dependence in PowerPoint items we did the following. We
began by further scrutinizing the range of semantic codes used by lecturers, after which
items coded were plotted accordingly to generate semantic profiles for each lecturer based
on the entire duration of their recordings. Table 2 provides a detailed breakdown of EMI/
L1 lectures recorded and items coded based on discipline.

First, item codes were plotted on Maton’s (2019) semantic plane (refer to Figure 1 in
Section 3.2) to examine the range of semantic codes noted in lecturers’ slide content. Next,
items coded were plotted to generate an associated semantic profile for each lecturer to
show changes in the condensation of meaning and context-dependence of knowledge being
expressed in their PowerPoint presentations, with different shapes of semantic profiles
suggesting different learning experiences. As can be seen in Figure 4, this was depicted by
plotting the strengths of SG and SD on the y-axis and tracing items coded in presentations
and time passing on the x-axis. Harder to understand items that evidenced rhizomatic
codes were traced as 1 on the semantic profile scale; easier to understand items coded as
prosaic were plotted as —1 on the semantic profile scale. In between, rarefied codes were
attributed a value of 0.5 and worldly codes equated to —0.5 on the semantic profile scale.

4. Results

In this section, results are presented by focusing on each research question. Quantitative
findings are outlined first and then immediately followed by their corresponding qualitative
analysis.

4.1. RQ1. What is the impact of perceived ICT skills on the range of semantic codes
developed in PowerPoint presentations?

Overall, quantitative results showed that lecturers perceived their level of ICT skills as
intermediate at B1 Integrator level (M =88.30, SD=23.59), which was corroborated in the

Table 2. Total lectures recorded and items coded.

Discipline Total lectures recorded Total items coded
L1 EMI L1 EMI
Arts & Humanities 4 8 64 73
Sciences 4 9 46 153
Social & Legal Sciences 16 14 470 226
Architecture & Engineering 11 6 477 171
35 37 1,057 623

Total 72 1,680
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Figure 4. Semantic profile showing semantic waves.

areas of A6 Facilitating Learners’ Digital Competence (M =16.85, SD=6.32), A3 Teaching
and Learning (M=13.70, SD=4.73), A4 Assessment (M=10.35, SD=3.39), and A5
Empowering Learners (M =9.75, SD=3.49). A higher level of competence was noted in the
areas of Al Professional Engagement (M=16.45, SD=3.35) and A2 Digital Resources
(M=13.35, SD=3.39) at Expert B2 level; while less confidence was observed in relation to
dimension A7 Open Education (M =7.85, SD=3.90), perceived at A2 Explorer level.

When asked how often they used ICT tools in their teaching, the majority (80%) said
more than 75% of the time, with only 5% reporting between 11% and 25% usage. Participants
used mostly presentations (100%), videos and audios (95%) in their teaching and learning,
while 45% created their own video or audio content. Nearly all teachers (85%) agreed they
felt at ease using ICT tools for personal matters, using the Internet in Spanish (100%) and
English (95%), and showed a clear interest in using new technologies (80%), which did not
extend to social media (40%). Lastly, lecturers were asked to consider the university’s degree
of implication in relation to ICT competence, which again was mostly positive. Teachers
felt that the institution: provided a fast and reliable Internet connection (85%), suitable
accessibility for students to use digital tools (85%), and the necessary technical support
(60%); fostered the development of ICT skills (60%) and the integration of ICT technologies
in teaching (60%); and invested in updating and improving the technical infrastruc-
ture (60%).

Spearman’s rank correlation reported a positive correlation between perceived ICT skills
and overall semantic codes in slide content, r (18) = 0.12, p=0.612, albeit not significant.
Upon further scrutiny, this positive correlation did not extend to all areas of ICT skills and
was most strongly linked to Facilitating Learners’ Digital Competence (DigCompEdu Area
6), r (18) = 0.40, p=0.079 (Table 3).

Qualitative analyses of individual semantic profiles and multimodality in slide content
partially supported the positive quantitative correlation between the overall range of seman-
tic codes observed in lecturers’ slide content and their perceived ability to facilitate learners’
digital competence (DigCompEdu Area 6 — see Appendix). As can be seen in Table 4,
lecturers (all from the Social & Legal Sciences and highlighted in the table) who reported
B2 Expert level or above in DigCompEdu Area 6 (i.e. a score of 20 or above) developed all
four semantic codes. Although most of these three lecturers’ slide content was coded in
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Table 3. Spearman’s rank correlation between perceived ICT skills and semantic codes.

Variables Coef correlation p-value
Total perceived ICT skills — semantic codes 0.12 0.612
A1 Professional Engagement — semantic codes —-0.01 0.978
A2 Digital Resources — semantic codes —-0.06 0.815
A3 Teaching and Learning — semantic codes —-0.02 0.920
A4 Assessment — semantic codes —-0.10 0.680
A5 Empowering Learners — semantic codes 0.17 0.478
A6 Facilitating Learners’ Digital 0.40 0.079
Competence - semantic codes
A7 Open Education — semantic codes 0.08 0.755

the harder to understand rhizomatic (SG-/SD+) range (50% to 67%), their PowerPoint
presentations also included easier to understand codes: prosaic (SG+/SD- 3.7% to 15%);
worldly (SG+/SD+ 7% to 37%); and rarefied (SG-/SD- 3.7% to 19%). In addition, these
lecturers evidenced semantic waves (between 1 and 9) and used a variety of modes (between
4 and 6) in their content. Upon further scrutiny, however, only EMI Social & Legal Sciences
Year 1 lectures showed this positive correlation to be linked to more semantic waves. The
modes used in these lectures comprised text, graphics, websites, and academic journals,
with most slides (85%) combining text with graphics in line with other presentations (refer
to Table 5 in section 4.2).

4.2. RQ2. How are semantic codes and waves developed in PowerPoint
presentations across disciplines and in different languages of instruction?

In terms of academic discipline and language of instruction from a quantitative perspective,
a Kruskal-Wallis Test showed that lecturers’ academic discipline significantly affected the
overall range of semantic codes in slide content (Gp1, n=12: Arts & Humanities/Social &
Legal Sciences, Gp2, n=3: Sciences, Gp3, n=5: Architecture & Engineering), y*(2, n=20) =
12.831, p=0.002). Arts & Humanities/Social & Legal Sciences lecturers recorded a higher
median score (Md=4.00) than lecturers from other disciplines (Sciences, Architecture &
Engineering Md=2.00). Post-hoc Dunn tests revealed the differences between Arts &
Humanities/Social & Legal Sciences and Sciences/Architecture & Engineering to be signif-
icant (p=0.012). In contrast, a Wilcoxon Signed Rank Test revealed language of instruction
not to be statistically significant (p=0.74), with EMI (M =3.30, SD=1.16) and L1 lecturers
(M=3.22,5D=1.09) reporting similar trends in terms of semantic codes used in slide content.

In line with quantitative findings, semantic profiles confirmed disciplinary differences
when scrutinised qualitatively (see Table 4). Although the majority of slide content conveyed
harder to understand rhizomatic codes, this was far more predominant in the hard sciences.
For L1 lecturers in the Sciences and Architecture & Engineering it was over 90% (under
83% in the soft sciences), while for EMI lecturers it was over 63% (under 56% in the soft
sciences). In addition, lectures in the Sciences did not include easier to understand prosaic
codes, with slide content embedding the lowest number of modes in their presentations:
62%-98% text and graphics; 2%-38% text only (see Table 4).

Opverall, presentations in the hard sciences reported less semantic waves than those in
the soft sciences. Science and Architecture & Engineering presentations developed mainly
high flatlining profiles (i.e. rhizomatic codes SG-/SD+, within the harder to understand
range of the semantic profile scale), with unpacking and repacking of abstract language and
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Table 4. Range of semantic codes in relation to DigCompEdu area 6.

DigCompEdu
area 6 Prosaic%  Worldly %  Rarefied %  Rhizomatic % SW Modes

L1

Arts & Humanities 10 28 33 6 33 3 5
(Y2)

Arts & Humanities 15 4.35 3043 2391 413 2 8
(Y3)

Social & Legal 17 5 27 19 49 1 7
Sciences (Y1)

Social & Legal 16 48.5 17.8 144 19.3 20 4
Sciences (Y3)

Social & Legal 17 9 32 23 36 4 5
Sciences (Y3)

Social & Legal 15 0 15 2 83 0 3
Sciences (Y3)

Social & Legal 33 7 7 19 67 3 6
Sciences (Y4)

Sciences (Y1) 18 0 7 0 93 0 2

Architecture & 16 0 0 0 100 0 4
Engineering (Y3)

Architecture & 13 0 1 0 99 0 3
Engineering (Y3)

Architecture & 18 0.7 7.5 1.5 90.3 1 6
Engineering (Y4)

EMI

Arts & Humanities 15 3 8 38 51 0 5
(Y2)

Arts & Humanities 1" 3 3 41 53 1 4
(Y4)

Social & Legal 30 15 24 1 50 9 4
Sciences (Y1)

Social & Legal 27 3.7 37 3.7 55.6 1 5
Sciences (Y3)

Social & Legal 17 24 18 24 34 6 6
Sciences (Y3)

Sciences (Y1) 13 0 2.7 18.8 78.6 0 2

Sciences (Y2) 8 0 0 0 100 0 2

Architecture & 13 0 1 0 99 0 3
Engineering (Y3)

Architecture & 15 5.4 0 31.1 63.5 3 4
Engineering (Y3)

*Y1,Y2,Y3 and Y4 (in brackets) = year of study of the module within the undergraduate degree programme
** DigCompEdu TDC Area 6 =Facilitating Learners’ Digital Competence’ (refer to Appendix).

technical concepts rarely connecting abstract ideas to concrete examples and/or breaking
down complex knowledge into component ideas, expressed in everyday language. For exam-
ple, when explaining Symmetry Elements and Operations in Inorganic Chemistry, new
concepts and theories were introduced that linked back to previously learnt things, either
in the curriculum or in mechanistic explanation using three or more chemistry-specific
terms (Figure 5).

In contrast, the majority of Arts & Humanities and Social & Legal Sciences presenta-
tions evidenced semantic waves, ranging from the harder to understand (i.e. rhizomatic
codes, SG-/SD+) to the easier to understand (i.e. prosaic codes SG+/SD-) scales of the
semantic profile, corroborating unpacking and repacking of more abstract and technical
knowledge being linked to concrete, simpler knowledge. For instance, in the Social &
Legal Sciences, when the Orff method was presented to students for the first time, a video
with a concrete example of this method in a general context was shown subsequently.
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Figure 5. Symmetry elements and operations in inorganic chemistry.

Figure 6. The Orff method.

Although the term introduced at first was subject-specific, no advanced, subject-specific
terminology or concepts were required to understand the explanation in the video
(Figure 6).

Upon further scrutiny, however, when the same subjects in the soft sciences were com-
pared based on the language of instruction used, only L1 lecturers in the Arts & Humanities
appeared to build knowledge cumulatively in their presentations throughout lectures. These
lecturers were the only to register semantic waves in their slide content across every lecture
recorded (Figure 7). Interestingly, these teachers combined video and websites on their
slides to a greater extent (over 43%) than other lecturers. In contrast, EMI lecturers only
generated waves in one lecture (i.e. 25% of the time - Figure 7) and combined mostly text
and graphics on their slides (over 62%).

5. Discussion

To examine knowledge-building practices in PowerPoint presentations, quantitative and
qualitative data were analysed to understand how multimodal slide content moves between
concrete, simpler knowledge and more abstract, complex knowledge in undergraduate
lectures. Three interesting patterns emerged in relation to meaning-making practices in
undergraduate slide content: (1) the notable impact of disciplinary differences; (2) the ability
of English language proficiency to eclipse disciplinary variance; and (3) the relevance of
multimodal competence in EMI teacher development.
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Figure 7. Arts & Humanities semantic profiles depending on language of instruction used.

In contrast to previous findings (e.g. Amua-Sekyi and Asare 2016; Santos et al. 2022),
we could not establish a clear relationship between perceived ICT skills and semantic codes
in PowerPoint presentations (RQ1). Although lecturers who self-reported a greater ability
to facilitate learners’ digital competence (DigCompEdu Area 6) attested a greater spectrum
of semantic codes, this only equated to more semantic waves in one case when examined
qualitatively. In addition, modes in slide content were very similar across the board. This
leads us to infer that other factors may determine semantic waves more than ICT skills.
The fact that the majority of lecturers (92%) in the soft sciences developed a full range of
semantic codes in their presentations, in comparison to those in the hard sciences (13%),
could suggest that disciplinarity may determine semantic codes more than ICT skills.
Furthermore, this association is noteworthy as it underscores the need for further research
to examine the link between how knowledge is constructed in lecturers’ presentations and
lecturers’ ability to foster their students’ digital competence. The analysis of students’ pro-
ductions in terms of how they apply ICT skills to construct meaning related to slide content
and semantic waving developed in lectures could shed further light on this issue.

Subsequent analyses confirmed academic discipline had a clear impact on knowledge--
building practices in PowerPoint presentations (RQ2). In line with studies by Clarence
(2016b), Cranwell and Whiteside (2020), and Mouton (2020), subjects in the soft sciences
included a greater range of semantic codes by twofold and evidenced more semantic waves
in comparison to those from the hard sciences. This further endorses scholars’ (e.g. Airey
2020; Bolton and Kuteeva 2012; Morell et al. 2020) claim that disciplines have their own
specialist discourses that students need to master, and for this reason knowledge construc-
tion in the EMI classroom needs to be examined from a disciplinary perspective.

Upon further scrutiny, a more nuanced glanced at lecturers’ semantic profiles revealed
a deviant trend based on language of instruction. Qualitative results showed knowledge--
building practices to be more dynamic in L1-taught lectures in the Arts & Humanities,
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which does not support Velilla-Sanchez’s (2021) claim that many more resources in com-
munication and meaning construction are exploited in the EMI classroom. What it may
imply is that insufficient language skills appear to hamper the successful implementation
of semantic waves to a greater extent than disciplinary differences. As claimed by partici-
pants in a study by Doiz et al. (2013), language proficiency may have a significant impact
on the success of students in multilingual educational contexts where a majority L1 language
and a foreign language (English) are in contact. What is more, the fact that the language of
instruction had a less noticeable effect in the hard sciences may indicate that language
proficiency has a weaker impact on subjects and disciplines that remain in the high semantic
flatline range of semantic codes that are more difficult to understand, mainly presenting
technical language and abstract concepts (SG-, SD+). In other words, the more lecturers
unpack and repack knowledge in slide content, moving into everyday language and real-
world examples (SG+, SD-) terrain, the more language proficiency is required to maintain
effective digital information literacy strategies and practices in multilingual contexts.

Consistent with the literature on multimodality (e.g. Bernad-Meché and Fortanet-Gémez
2017; Morell et al. 2020; Querol-Julidn 2023), the combination of modes served to foster
cumulative knowledge construction through semantic waves in multimodal PowerPoint
presentations. The fact that video content was developed to a greater extent in slide content
that generated more waves supports two previous claims: 1) that effective pedagogy encom-
passes multimodal competence (Morell 2018); and 2) that modes that progressively display
sequential images might be conducive to better academic understanding (Baker et al. 2018).
Analogously, limiting PowerPoint slides to the combination of text and graphics may con-
strain scaffolding strategies in the process of meaning-making. Thus, it would appear that
our findings continue to reinforce the design of EMI teacher training courses that include
the development of multimodal competence (Morell 2018).

6. Conclusion

To advance the fields of semantic waves and multimodal research into PowerPoint presen-
tations, this study presents a new interdisciplinary vision of knowledge-building practices
in multilingual Spanish higher education. Quantitative and qualitative findings confirm
two main findings. First, cumulative knowledge building practices through semantic waves
seem to be developed to a greater extent in the soft sciences, particularly in L1 Arts &
Humanities PowerPoint content, but to a lesser extent in the hard sciences. Second, including
video content appears to support cumulative learning through semantic waves, while lim-
iting slide content to the combination of text and graphics may constrain scaffolding strat-
egies in the process of meaning-making.

As to the main implications of this study for education research, the following conclu-
sions can be drawn. Although educators’ perceived level of ICT competence does not appear
to be linked to their ability to unpack and repack academic content in PowerPoint presen-
tations, the way slide content is presented to support students’ understanding of theoretical
and conceptual knowledge does seem to be influenced by discipline and multimodality,
which, in turn, presents two challenges. To enable students to build on previous under-
standings and transfer what they learn into future contexts, subjects in the hard sciences
with a propensity to construct knowledge in a more high semantic flatline manner need
to support learners to move between concrete, simpler knowledge and more abstract,
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complex knowledge in multimodal presentations. Second, although slide content in the
soft sciences may exhibit more semantic waves and strategies for unpacking and repacking
knowledge, these can be hampered by insufficient language skills, namely when breaking
down knowledge into simpler explanations and concrete examples. For this reason, it is
essential that future knowledge-building practices in higher education contexts consider
these outcomes in relation to both the macrocontext of education policy and the micro-
context of L1 and EMI pedagogical practice initiatives. At a time when the use of technology
is clearly on the increase in university lectures (Gonzélez-Mujico and Lasagabaster 2019),
professional development courses should focus on PowerPoint use by paying particular
attention to the impact that the disciplinary culture may have on the unpacking and repack-
ing of knowledge in addition to how modes are combined in this process. In this vein, our
results seem to confirm the proposal made by Ruiz-Madrid and Fortanet-Gomez (2022,
278), who claim that there is a ‘need to provide courses that address specific academic and
disciplinary discourse for homogeneous groups of learners. As Lasagabaster (2022) points
out, the number of professional development courses for EMI lecturers at university level
is rather scant and what is more, they tend to be aimed at EMI practitioners in general,
without considering that some parts or units of such courses should be particularly
addressed to lecturers stemming from the same discipline.

As to the limitations of the study, it is essential to interpret the results bearing in mind
the small sample size. Significant trends highlighted could be demonstrated by increasing
the sample in future studies. In addition, the strengths of SG and SD were used as analytical
tools together and have not been analysed separately in this study. Future avenues of research
should consider how these two constructs evolve as parallel or individual dimensions (and
not combined) and their impact on student learning. In doing so, a more nuanced and
holistic understanding of cumulative knowledge building practices in L1 and EMI multi-
modal PowerPoint presentations could be attained.
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Appendix: DigCompEdu areas and items of ICT skills

Competence area (dimension)

Competence items

1. Professional Engagement

1.1 Organisational communication

1.2 Professional collaboration

1.3 Reflective practice

1.4 Digital Continuous Professional Development (CPD)

2. Digital Resources

2.1 Selecting digital resources
2.2 Creating and modifying digital resources
2.3 Managing, protecting and sharing digital resources

3. Teaching and Learning

3.1 Teaching
3.2 Guidance
3.3 Collaborative learning
3.4 Self-regulated leaming

4. Assessment

4.1 Assessment strategies
4.2 Analysing evidence
4.3 Feedback and planning

5. Empowering Learners

5.1 Accessibility and inclusion
5.2 Differentiation and personalisation
5.3 Actively engaging learners

6. Facilitating Learners' Digital
Competence

6.1 Information and media literacy

6.2 Digital communication and collaboration 6.3 Digital content creation
6.4 Responsible use

6.5 Digital problem solving

7. Open Education

7.1 Finding and using open licenses
7.2 Adopting open educational practices
7.3 Publishing in open access journals
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