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Abstract
Visual expertise is a fundamental proficiency in many vocations and many questions  
have risen on the topic, with studies looking at experts and novices differences’ in 
observation (e.g., radiologists) or at ways to help novices achieve visual expertise 
(e.g., through annotations). However, most of these studies focus on white-collar 
professions and overlook vocational ones. For example, observing is uttermost 
important for fashion designers who spend most of their professional time on visual 
tasks related to creating patterns and garments or performing alterations. Therefore, 
this study focuses on trying to convey a professional way to look at images by expos-
ing apprentices to images annotated (e.g., circles) by experts and identifying if their 
gaze (e.g., fixation durations and gaze coverage) and verbalisations (i.e., images 
descriptions) are affected. The study was conducted with 38 apprentices that were 
exposed to sequential sets of images depicting shirts, first non-annotated (pre-test), 
then annotated for the experimental group and non-annotated for the control group 
(training 1 and training 2), and finally non-annotated (post-test). Also, in the pre and 
post-test and in training 2 apprentices had to verbally describe each image. Gaze was 
recorded with the Tobii X2–60 tracker. Results for fixation durations showed that 
the experimental group looked longer in the annotated part of the shirt in training 1 
and in the shirt’s central part at post-test. However, the experimental group did not 
cover a significantly larger area of the shirt compared to control and verbalisations 
show no difference between the groups at post-test.
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Introduction

The professional world is in constant evolution and, inevitably, the field of educa-
tion must remain up-to-date by attempting to prepare students for a hyper-spe-
cialised and technology-driven world. Numerous transversal skills are necessary 
to thrive in an ever-changing professional environment (Pang et al., 2019)—both 
personal and interpersonal or emotional skills (Srivastava, 2013), as well as  
other more specific skills like visual expertise, are indispensable for certain pro-
fessions (Jasani & Saks, 2013; Kok et  al., 2017); Naweed & Balakrishnan, 2014; 
O’Halloran & Deale, 2006).

Observation has long been studied from various perspectives. From a socio-
logical point of view, it can be considered interconnected with expertise: observa-
tion is a shared perception of the world that is visible in specific shared actions 
(e.g., using coding schemes) within a professional community (Goodwin, 1994). 
From a more cognitive perspective, it can be viewed as a set of visual skills that 
are specific to each task and domain and require interaction between perceptual 
and cognitive skills (Ravesloot et al., 2012).

Examples of such skills include visual search and visual information process-
ing to detect and interpret lesions in X-rays (see Ravesloot et al., 2012) or to rec-
ognise specific patterns, such as presence of symmetry, colours, and shapes in 
radiology (Shapiro et al., 2006). The ability to use global and local processing of 
image features in arts (Chamberlain & Wagemans, 2015) or the skills to identify 
specific students’ behaviours in class for teachers (Stürmer et al., 2013) constitute 
other examples of such skills. The importance of visual expertise makes it a topic 
that is studied in numerous contexts, such as medicine (Naghshineh et al., 2008), 
architecture (Styhre & Gluch, 2009), and sports (Kredel et  al., 2017). Most of 
these studies focus on understanding the differences between experts and novices, 
either to distinguish where they focus their attention while looking at professional 
material or investigate how to improve observation skills of novices. In this lat-
ter case, the strategy is often to redirect novices’ attention using annotations (or 
signals or cues) in the form of arrows, text, audio, colours, etc. (Schneider et al., 
2018).

However, studies on observation have rarely been explored within vocational 
education, although some examples are worth investigating. For instance, fash-
ion designers are certainly among those vocational professions that strongly rely  
on visual expertise. In Switzerland, fashion designers have a dedicated full-time and  
dual (part-time school and part-time in the workplace) Vocational Education and 
Training (VET) course. During their three years’ training, they have to engage 
with tasks like production of sketches, production and alteration of patterns, 
knowledge and use of fabrics, styling of clothing, and production and alteration 
of garments both by hand and using professional machines. Apprentices have to  
acquire a wide range of skills to work in the sartorial world, of which visual 
expertise is one of the most important since they have to learn how to observe dif-
ferent representations of garments such as photos, technical sketches, or patterns 
(Coppi et al., 2019) and garments themselves. More specifically, looking at their  
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training plan (State Secretariat for Education, Research and Innovation, Fashion Design-
ers’ Training Regulation, 2018), it emerges that in order to become an acknowledged 
professional they must develop the competence to observe different details (e.g., specific 
manufacturing, types of pockets, garment opening types, types and quality of fabric), 
defects (e.g., defects of proportions, wearability, manufacturing quality) and character-
istics of the customer’s body (e.g., posture, shape irregularities to hide or enhance) (see 
Caruso et al., 2017). At the same time, looking at their learning activities, they have to 
develop their competence to make their observation skills explicit when professionally 
describing a garment to become an acknowledged professional (Caruso et al., 2019).

This paper aims to address the above-mentioned research gap by investigating how 
visual expertise can be fostered in apprentice fashion designers. This profession can  
be ideal for creating experimental set-ups specific to the many tasks that appren-
tices have to perform and to convey a professional way to look at profession-specific 
images using cueing methods. In particular, this study intends to tackle the follow-
ing two research questions:

– Can exposure to annotations convey a professional way to look at images in 
terms of fixation durations and gaze coverage?

– Can exposure to annotations affect the way apprentice describe professional 
images?

Visual Expertise and Eye Movements

In order to understand how to convey a professional way of looking at images, some 
background information is needed about eye movements’ parameters and how they 
relate to expertise.

Among the main types of eye movements, the most used are fixations and sac-
cades. Fixations are the period of time when the eye is relatively still (Holmqvist 
et al., 2011) and reveal where a participant’s attention is allocated on a specific stim-
uli (or parts of the stimulus). Saccades are quick and simultaneous movements of 
the eyes between fixations in the same direction (Cassin et al., 1984) and they help 
in understanding the direction of the gaze and if targets attract attention. These types 
of eye movements are fundamental to research on observation since difference in 
expertise can be seen in both of these parameters but mainly in fixation durations.

For instance, expert gymnastic coaches show fewer but longer fixations on an 
athlete’s body compared to novice coaches (Moreno et al., 2002); similarly, expert 
swimming coaches spend more time fixating on swimmers’ movements (e.g., body-
roll) compared to their novice colleagues and specific body parts (e.g., hands and 
head) when the swimmer is entering the water (Moreno et  al., 2006). Similarly, 
climbing experts had fewer but longer fixations on a climber’s body (core and feet 
and feet placements) with more and shorter fixations on other parts of the body 
(hands) compared to novices (Mitchell et al., 2020).

In the medical field, experts spend their time fixating on areas of high saliency 
compared to novices, while students have generally prolonged saccades on the 
entire image (Krupinski et al., 2006). More recently, Krupinski et al. (2014) trained 
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dermatologists in reading benign and malign close-up dermoscopy images and 
showed that a dermatologist tends to have more efficient search with fewer fixations 
and longer dwells (‘one visit in an area of interest, from entry to exit’; (Holmqvist 
et al., 2011, p. 190). Further, in radiology, Wood et al. (2013) found that experts are 
quicker than novices in identifying fractures and spent more time fixating on them. 
In addition, experts draw conclusions based on observed abnormalities instead of 
focusing directly on pathologies like novices do (Jaarsma et al., 2014).

In biology, Jarodzka et al. (2010) indicated that in a fish locomotion task, nov-
ices had longer viewing times on irrelevant areas, while experts had longer gaze 
durations on the features of fish and also provided richer verbal descriptions of the 
fishes’ movements. In education, expert teachers were better able to perceive class 
interactions by generally visiting and revisiting specific areas, gazing at a student’s 
body, and at sections of the class with more physical and verbal interaction between 
students (Wolff et al., 2016).

Generally, regardless of the field, it seems that visual expertise  appears to  
rely on three main elements: 1) being able to identify more quickly the task-relevant 
areas of the image; 2) spending more time observing relevant features (e.g., fracture 
in X-ray) and less time on irrelevant ones (e.g., tender tissues in X-ray); and 3) being 
more cognitively activated, that is, showing higher content evaluation and under-
standing of the images viewed. Also, as another measure for expertise, 4) the expert 
should be able to verbalise more technical terms and more features related to the 
task compared to novices.

Strategies for Improving Visual Expertise and the Role of Annotations

Research did not stop at identifying the differences between novices and experts 
but also attempted to understand how to improve observation in novices to make 
them observe more like an expert. Most of these studies draw their theoretical basis 
from the concept of signalling that, according to Mayer (2002), is the process of 
presenting cues in an effective manner so that students can easily select—and then 
process—instructional material better. Signals are placed in the most significant 
areas of the learning material (e.g., text or image) to redirect students’ attention 
and to make certain areas more salient than others. This can result in lower cogni-
tive load, more focused attention, and better comprehension and retention (Dodd & 
Antonenko, 2012; Richter et al., 2016).

Cues, signals, or annotations can have multiple forms—colours, text-picture ref-
erence, gestures, labels, flashlights, graphic organisers, and diagrammatic elements 
such as lines, blobs, boxes, crosses, arrows, circles, and transparent overlay (Heiser 
& Tversky, 2006; Shin & Park, 2019; van Gog, 2014). For example, coloured indi-
cators can help participants with low spatial skill in solving mental rotation tasks 
(Roach et al., 2019). Also, translucent colour patches were used in golf training vid-
eos to show novices the correct movement to adopt to improve their performance 
(D’Innocenzo et  al., 2016). Others used a spotlight method and applied shades of 
colour to specific sections of a medical image and were able to induce in novices 
longer fixations on cued areas compared to non-cued ones (De Koning et al., 2007).
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Moreover, the use of lines or arrows have proven useful. For example, arrows 
applied to an animation displaying the functioning of a piano increased the attention 
towards relevant sections and resulted in better comprehension of the movements of 
the piano keys (Boucheix & Lowe, 2010). In others, circles and colours were used 
to improve the diagnostic performance and visual processing of novice radiologists 
by showing participants radiographies with relevant parts highlighted with yellow 
circles, shading on irrelevant areas, and use of colours to highlight the lines of the 
fractures (Scheiter et al., 2019).

Assuming that experts (e.g., radiologists) tend to observe the most important 
areas (e.g., lesion) of an image (e.g., X-ray), other scholars used dots positioned 
on the material to replicate the eye movements of an expert as modelling cues. In 
this manner, learners are exposed to an expert’s gaze pattern under the hypoth-
esis that they will implicitly learn where to look and, hopefully, replicate the pat-
tern in other materials. A pioneering study in this area was performed by Grant and 
Spivey (2003), and exposed participants to the annotations modelled on the gaze 
of an expert to highlight sections of a problem-solving task, helping students find 
the solution. Other scholars asked novice marine biologists to watch and listen to 
a video showing a fish moving in the water and identify the types of movement it 
made. The video contained annotations based on the eye movements of an expert 
that helped novices focus on a section of the body of the fish to identify the move-
ments of the fish (see Jarodzka et  al., 2010, 2013). Further, Sharma et  al. (2015) 
superimposed teachers’ gazes on an educational video and helped students have a 
more linear experience, better understanding of the teacher’s gestures, and higher 
engagement. Similarly, Mason, Pluchino, Tornatora, and Ariasi (2013) showed par-
ticipants the models’ eyes in the form of red dots on a text with graphics and noticed 
that learners spent more time re-fixating on the relevant parts of the visualisation 
while reading and performed better than control in a recall test.

Hypotheses

Based on the above-mentioned literature, annotations appear to be an effective  
technique for promoting visual expertise, often combined with eye tracking tech-
niques. Consequently, this study was developed under the assumption that appren-
tices exposed to annotated pictures will learn to explore images more thoroughly 
and pay greater attention to the annotated areas compared to control participants 
exposed to the same images without any annotation, thereby producing a richer ver-
bal description of the same pictures.

Therefore, we hypothesize that:

– H1) the fixation durations will be longer (more attention allocated) in specific 
areas of the shirt but shorter in irrelevant and non-annotated parts of the image in 
the group exposed to annotations (experimental) compared to a group not profit-
ing from annotation (control) during the treatment;

– H2) the fixation durations in relevant areas will be longer after the treatment 
compared to the control group in the different areas of the shirt;
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– H3) the gaze coverage of the image will be larger in the experimental than in the 
control group;

– H4) the experimental group will be able to produce a significantly higher number 
of details in the verbalized description of the images after the intervention.

Methods

Sample

The sample comprises 38 apprentices randomly assigned into two groups, 20 for 
the experimental (Mage = 16.8, SDage = 1.21, all females) and 18 for the control 
group (Mage = 17.56, SDage = 3.83, all females). The apprentices were enrolled at 
the beginning of the second year of their three-year certificate program and were 
recruited from two vocational schools in Switzerland, which provides a well- 
established fashion design curriculum.

Original Task and Design of the Experiment

Activities that rely on visual expertise are part of the daily practice of apprentices and  
teachers provide students with opportunities to train this skill. For this reason, 
we took inspiration for the design of our experiment from a didactical scenario 
that students perform weekly in their course since the first year in which focus 
on a wide range of skirts and trousers, then on shirts in the second year and coats  
and more complex garments in the third. This task is interesting 1) for the manner in 
which teachers use annotations to direct a student’s attention and 2) for the request  
to analyse the garment. In this exercise, students have to observe the image ‘Fig. 1’ 
(left) and provide a full description comprising possible measurements and number  
and type of parts that compose a garment. Thereafter, the teachers provide the same 
image with annotations such as lines and arrows or colours and text and initiate a 
conversation with the students that reviews the entire image ‘Fig. 1’ (right).

Stimuli and Annotations

Stimuli were selected with the help of the teachers who identified 20 photographs 
depicting shirts with a range of peculiarities related to shapes, style, details, and 
parts. These images were then distributed in four subsets of five images each, to be 
used for the pre-test (5 images), training 1 (5 images), training 2 (5 images), and 
post-test (5 images). The distribution was made by the teachers in order to make the 
four subsets equal with respect to their general complexity. Teachers also provided 
detailed descriptions of each image, highlighting the relevant areas of the garment 
such as sleeves, stitching, pockets, neck, cuffs, hem, buttons, and the opening (an 
open section at the top of a garment for the neck of the wearer). These are areas of 
high relevance and are the ones on which annotations were positioned in the train-
ing sessions of the experiment. Annotations took the form of circles, squares, and 
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rectangles and these specific shapes were selected to redirect students’ attention 
to defined and specific areas and keep their gaze within those delimited sections 
while distinguishing and highlighting features present in adjacent areas (‘Fig. 2’). 
Moreover, the position of the annotations was determined not only to highlight  

Fig. 1  Examples of the activity before completion (left) and corrected by the teacher (right)

Fig. 2  Annotations placement: non-annotated (pre-test and post-test, left) and annotated image (training 
1 and 2 for the experimental group, centre and right)
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the corresponding areas but to foster a systematic and comprehensive way to observe 
the images

Apparatus

The Tobii Pro X2-60 Eye tracker was used to collect the students’ eye movement. 
The tracker is able to sample data binocularly at 60 Hz. The tracker holds a gaze 
accuracy of 0.4° (binocular and monocular), gaze precision of 0.34° (monocular) 
and 0.45°(binocular). Gaze measures were classified with the default setting of 
Tobii Pro Lab (velocity-based algorithm: peak velocity 30°/s, min. fixation duration 
60 ms). Stimuli were presented via the Tobii Pro software (Version 3.4.8) connected 
to an HP laptop and a 15-inch PC screen (HP ZR2440w) with the maximum resolu-
tion of 1920 × 1200 pixels. The eye tracker, screen, and laptop were placed on an 
ergonomic table that could be adjusted by height. Also, a chair with resting arms 
was placed at the recommended distance (65 cm) in front of the table and both the 
seat and table were placed at an appropriate height to capture the gaze of each par-
ticipant. A head stabilisation system was not required.

Procedure

Before the beginning of the sessions, the researchers set up all the tools and adjusted 
the room: tables and chairs were positioned, the brightness from the windows was 
adjusted using blinders, and the positions of the chair, table, and computer screen 
were marked with tape. Afterwards, participants were welcomed in the room only 
one at a time and were asked to find the most comfortable position on the chair. 
Basic information about the experiment and the functioning of the eye tracker was 
provided, and the participants were instructed to avoid movements such as tilting or 
turning the head, looking away from the screen or at the researcher, and obstructing 
the eye tracker in any way. Then, the experimenter initialised the 9-point calibra-
tion procedure. Due to time constraints imposed by the school and the length of the 

Fig. 3  Schematized presentation of the procedure with the two groups
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design, calibration was repeated only in case of loss of connection between the PC 
and the eye tracker.

The specific procedure of the experiment was performed in the following manner 
(see Fig. 3): in the pre-test, each participant (experimental and control) was exposed 
to a set of five images depicting garments displayed on a PC. Each picture was dis-
played for 40 s (plus 20 s of a black screen before the next image), during which the 
participants were asked to verbally describe (concurrent think-aloud) the garment.

In training 1, participants of the experimental group were asked to look at a series 
of five images for a total of 03.27  min; each of them was completed with visual 
annotations and an audio description inserted by the teacher. The visual annotations 
entered progressively alongside the related piece of the audio description and then 
faded out in a manner in which only one annotation was present on the screen at the 
same time. Participants in the control group were asked to look at the same set of 
images, but no visual annotations were provided to them.

In training 2, the experimental group was presented with another set of five 
images and asked to observe each of them and to describe it verbally (each image 
was displayed for 40  s each, followed by 20  s of a black screen before the next 
image). Each image was annotated, but in contrast to training 1, the annotations 
were present on the image for the entire duration of 40  s. In contrast, the control 
group was exposed to the same set of images, but without any annotations, and was 
similarly asked to describe them verbally.

In the  post-test, all the participants (experimental and control) were asked to 
observe a new set of 5 images for 40  s each (plus 20  s of a black screen before 
the next image) and to provide a verbal description as they had done in the pre-test 
phase. No annotation was present in this case. Each image was initialised manually 
by the experimenter after warning the participant that a new image was going to be 
displayed.

The whole procedure lasted about 30 min: although one could assume that these 
kinds of intervention might need more time to be effective, we had to limit the dura-
tion of the intervention to make it feasible for the apprentices and the school.

Measures

Fixation durations: this measure comprises the duration of fixations on each of the 
images presented in pre-test, training 1, training 2 and post-test.

Gaze coverage: a metric used in the area of eye tracking but defined in differ-
ent ways (see Holmqvist et al., 2011; Van der Gijp et al., 2017). Coverage has been 
used in a limited number of studies that pointed out that experts and novices differ 
in the amount to which they observe images or videos (e.g., Jaarsma et al., 2014). 
In our case it was defined as “the proportion of the image which is gazed at by the 
individual at least once. The measure was computed by retrieving the heatmaps for 
each given image, estimated over the duration of the stimuli. Then, we thresholded 
the heatmaps based on a fixed value and computed the gaze coverage as the ratio of 
pixels which were above the threshold over the total amount of pixels in the image. 
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In our experiments, the threshold was set to 0.005, given that the heatmap values 
were normalised so that the maximum value was 1” (see Oertel et al., 2019, p. 390).

Verbalisation score (concurrent think-aloud): to calculate the score, audio of 
the participants’ verbalisations was extracted and manually transcribed. The score 
was based on the written professional descriptions of all the images provided by the 
teachers involved in co-designing the study. A list of 52 features (e.g., opening, neck, 
bottom, cuff, hem, pockets, ribbon, fit, ruffles, stitching, seam, etc.) were derived 
and these served as our coding scheme. Participants’ scores were calculated by giv-
ing 1 to each detail correctly mentioned (i.e., present in the participant’s descrip-
tion and in the teacher’s description) and 0 to any missing or incorrectly mentioned 
detail. Since the number of details included was not the same for each image (they 
ranged from 8 to 17), a weighted score was calculated for each image and then an 
average weighted score was calculated per group for the different phases of the test.

Areas of Interest (AOIs) for Fixation Duration Analyses

To be able to work with fixation durations it is necessary to connect the eye tracking 
data with the visual stimuli by using AOIs that, in our case, were manually drawn 
directly in Tobii Pro Studio. The AOIs have a semantic composition defined by the 

Fig. 4  Example of pre-test and post-test AOIs (left) and with the AOIs (right): ‘Sleeve’ (polka dot), 
‘Central’ (black), ‘Neck’ (grey and white stripes) and ‘Details’ (black and white stripes)
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experts (see Holmqvist et  al., 2011) and in pre and post-test (Fig.  4) AOIs were 
placed on the section of the shirt (central, neck, sleeve and details) deemed most rel-
evant for the profession in a specific garment since they are observed to understand 
how the garment is constructed and then how to produce a correct pattern needed for 
assembling the final garment. These areas are:

– the ‘central’ part of the shirt is observed to identify the position and type of 
opening, which characterizes most a shirt; it can also contain cuts, ruffles or 
folds, pockets and more. Also, this section can dictate the desired fit of the shirt;

– the ‘neck’ is looked at to understand the type and the connection to the opening 
of the shirt (for instance V openings connect directly to the neck while openings 
on the side with a zip often require a completely different pattern);

– the ‘sleeves’ are important to observe to understand where the central section can 
be connected (sewed) to the shoulder, to identify the type of sleeve, shoulder fea-
tures, the type and closure of the cuff (as well as related details) and the desired 
fit;

– the ‘details’ include embellishments positioned on different areas of the shirt 
such as ribbons, embroideries, piping (passepoil)—but also stitching or buttons 
that can be used for merely aesthetic reasons. Details can influence the pattern 
and their inclusion might require changes in its design.

Fig. 5  Example of OAIs placed on the shirt in training 1 and training 2—The AOIs ‘Sleeve’ (polka dot), 
‘Neck’ (grey and white stripes), ‘Central’ (black), ‘Details’ (black and white stripes) and ‘Shirt’ (grey)
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Conversely, in training 1 and 2, the AOIs (Fig. 5) were placed on the annotations 
and the non-annotated part of the shirt. Training 1 and training 2 contains the same 
AOIs of pre and post-test (central, neck, sleeve) with inclusion of the AOI ‘Shirt’ 
placed on top of the areas of the shirt where no annotations had been put by the 
teachers and the absence of the AOI ‘Details’ for training 1.

These AOIs are also important for contextualising the participants’ verbalisations: 
indeed, they allow to put in relation what the participant has “looked at” and what 
has actually “seen” in those fixations. The combination of the AOIs data and the 
verbalisations allows for a more complex understanding of the apprentices’ obser-
vational experience, helping to connect the perceptual action of observing a specific 
section with the processes of the working memory allowing understanding of the 
reasoning and knowledge behind both novices and experts (Jarodzka & Boshuizen, 
2017).

Missing Data and Exclusion Criteria

Due to technical issues, gaze data was lost for two participants in the experimen-
tal and one in the control group while audio–video was lost for one participant in 
the control group. Therefore, the analyses on gaze coverage and fixation durations 
were performed on 35 participants and the verbalisations on 37. No participant was 
excluded due to eye tracking calibration issues since calibration was repeated until a 
good signal was reached.

Data Preparation and Analysis for Fixation Durations and Gaze Coverage

The software IBM SPSS 26 was used to carry out all analyses for fixation dura-
tions and gaze coverage. General linear mixed effects models (GLMMs) were used 
to assess differences between the groups in both fixation duration per AOIs and for 
gaze coverage. GLMMs were used because they can be an effective method of anal-
ysis in case of repeated measures analysis of variance or in many other cases such as 
with unbalanced designs (i.e., with unequal number of participants within each level 
of a grouping variable), incomplete data (e.g., with missing observations at one or 
more time points for numerous participants), non-independence among observations 
(i.e., when the same task is repeatedly administered to each participant; (see Baayen 
et al., 2008; Judd et al., 2012). The GLMMs for fixation durations and gaze coverage 
were performed with a design with crossed random effects with nested observations 
within participants. Fixation durations data was first extracted from Tobi Pro Studio 
and imported in Excel for cleanup, and then it was transformed from wide to long 
format in SPSS. The GLMMs for fixation durations were run with condition and test 
as fixed factors and subjects and AOIs as random factors. Also, a Bonferroni correc-
tion was applied to the data. Gaze coverage database was obtained with a script and 
was also transformed in long format in SPSS were data were analised with condition 
and test as fixed factor and subjects and gaze coverage as random factors. A Bonfer-
roni correction was applied in this case too.
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Results

Fixation Durations

A series of GLMMs were conducted to identify the effects of presence of annota-
tions on fixation durations on the AOIs for training 1 and training 2.

In the AOI ‘Central’, results showed a significant main effect of condition [F(1, 
33) = 7.649, p < 0.01] and a significant interaction condition*test [F(1, 305) = 6.008, 
p < 0.025]. Planned post-hoc comparisons of condition indicated a significant differ-
ence between the groups [F(1, 33.00) = 7.649, p < 0.01] while comparisons of the 
interaction showed a significant difference between the groups in training 1 [F(1, 
52.508) = 12.829, p < 0.001, d = 0.584].

In the AOI ‘Sleeve, results showed a significant interaction condition*test 
[F(1, 305.000) = 79.621, p < 0.001]. Planned post-hoc comparisons of the inter-
action showed a significant difference between the groups in training 1 [F(1, 
89.901) = 41.016, p < 0.001, d = 1.55] and in training 2 [F(1, 89.901) = 25.128, 
p < 0.001, d = 0.589].

In the AOI ‘Neck’, results indicated a significant interaction condition*test [F(1, 
305) = 3.604, p = 0.05]. Planned post-hoc comparisons of the interaction indicated 
a significant difference between the groups in training 1 [F(1, 59.610) = 4.197, 
p < 0.05, d = 0.329].

In the AOI ‘Shirt’ (non-annotated part of the shirt), results showed a signifi-
cant main effect of test [F(1, 8.000) = 6.349, p < 0.05] and a significant interac-
tion condition*test [F(1, 305) = 6.196, p < 0.025]. Planned post-hoc comparisons 
of test indicated a significant difference between the trainings [F(1, 8.001) = 6.349, 
p < 0.05] while comparisons of the interaction showed a significant difference 
between the groups in training 2 [F(1, 46.884) = 3.979, p = 0.05, d = 0.478].

No difference was identified in the AOI ‘Details’ in both training 1 and training 2.
Further, other GLMMs were conducted to identify the effects of presence of 

annotations on fixation durations on the AOIs for the pre and post-test.
In the AOI ‘Central’, results showed a significant interaction condition*test [F(1, 

305) = 6.321, p < 0.025]. Planned post-hoc comparisons of the interaction indicated  
a significant difference between the groups at post-test [F(1, 53.497) = 5.231, p <   
0.05, d = 0.579]. However, results in the others AOIs ‘Neck’, ‘Sleeve’ and ‘Details’ 
showed no difference between the experimental and control group.

All means and standard deviations are available in the table below (Table 1).

Gaze Coverage

A GLMM was conducted to compare the effect of presence of annotations on gaze 
coverage. Results showed that the interaction between condition and gaze coverage 
is not significant [F(1, 236.091) = 3.747, p = 0.05]. Planned post-hoc comparisons 
indicated a significant difference [F(1, 48.289) = 4.510, p < 0.05, d = 0.451] between 
the experimental and control groups at the post-test. The mean values indicate that 
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in post-test, the experimental covered a larger portion of the image compared to con-
trol (respectively Mexp = 10.95, SD = 0.287 vs Mcon = 10.82, SD = 0.289).

Verbalisations

To identify a possible difference between the groups, a repeated-measure ANOVA 
was conducted to compare the effects of condition on the verbalisation score (num-
ber of enunciated details) in both the pre-test and post-test. The results revealed a 
significant main effect of verbalisation score [F(1, 35) = 7.681, p < 0.01,ηG

2 = 0.769]. 
However, the between-subject effect was not significant, F(1, 35) = 3.423, p > 0.05, 
ηG

2 = 0.436] as well as the interaction [F(1, 35) = 0.640, p > 0.05, ηG
2 = 0.122] 

(Fig. 6).

Discussion

Are There Significant Differences in Terms of Fixation Duration Between 
the Groups?

Our main hypothesis was that the experimental group would look longer at the anno-
tated AOIs (‘Neck’, ‘Central’, ‘Sleeve’, and ‘Details’) and less at non-annotated areas 
(‘Shirt’) compared to the control group. Also, that at post-test the experimental group 
would look longer at the relevant areas of the shirt compared to the control group. 
Results of training 1 indicated that the experimental group looked longer at the AOIs 

Fig. 6  Number of details mentioned by the experimental and control groups in the pre-test and post-test
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‘Central’, ‘Neck’ and ‘Sleeve’ but no significant difference between groups was found 
for AOI  ‘Shirt’(while the  AOI ’Details’ was not present). Conversely, in training 2 
the experimental group fixated significantly  less than control in the AOI ‘Shirt’ and 
no difference was found in other AOIs beside ‘Sleeve’ where the control group looked 
longer. Further, results of the pre and post-test pointed out that the experimental group 
looked significantly longer in the AOI ‘Central’ than control. However, the other AOIs 
showed no significant difference between the groups.

Therefore, our hypothesis can be confirmed in the AOIs ‘Central’, ‘Neck’ and 
‘Sleeve’ of training 1, ‘Shirt’ of training 2 and the AOI ‘Central’ of the post-test. How-
ever, these results indicate that the impact of annotations was limited to when present on  
screen in the training session and that, in their absence, the experimental group looked 
longer than control only in  one AOIs at post-test. Also, if training 1 seems to have 
affected the apprentices’ gaze as expected that was not true for training 2 where, beside 
‘Shirt’, no difference was found in the AOIs for the experimental group. This partially 
unexpected result might be traceable to the modality effect (Glenberg et  al., 1989).  
This effect indicate that cueing performed with both visual and audio is more effec-
tive than cueing that uses only one of the two channels (see Mayer, 2002). In this case, 
cueing in training 1 was performed with annotations appearing one after another while 
matched by an audio description of each of the annotated area, while training 2 had no  
audio and annotations were presented all at the same time for the duration of the image 
on screen (40  s). Training 1 potentially induced the apprentices of the experimental 
group to focus only on the annotated areas present on screen in that moment and ignore 
the rest; while in training 2 they had more freedom to observe the different sections of 
the image as well as the control group who viewed a non-annotated image for the 40 s. 
Although these mixed results, annotations seem to still have an effect on the experimen-
tal group that observed significantly less non-annotated part of the shirt (AOI ‘Shirt’).

Are There Significant Differences in Terms of Gaze Coverage Between the Groups?

We expected the experimental group to have achieved at post-test a larger coverage 
of the image since annotations were placed in all the most relevant parts of the shirts 
to train the apprentices to observe certain areas but also to observe the garment in its 
totality. But a non-significant—merely statistically significant—difference was found 
between the two groups even if the experimental group covered a larger portion of the 
image at post-test compared to control group. This result indicates that annotations did 
not have the desired effect in attracting participants’ attention to specific areas but not 
across the whole image. However, this result is not completely out of the ordinary since 
fostering coverage of images can be a complex task and sometimes, after interventions, 
the increased coverage is limited (see Eder et al., 2020).

Are There Significant Differences in Terms of the Verbalisation Score Between 
the Groups?

In contrast to expectations, it was found that the experimental group did not mention 
more details than the control group (even if in the post-test, there was an increase in 
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their verbalisation score). Moreover, students were able to describe a high number 
of details even at pre-test, and this especially true for the control group; this might 
have caused the training to not be as impactful as expected. Further, the request to 
verbalise could also have influenced participants’ gaze since concurrent think-aloud 
can affect the manner in which participants look at visual materials (e.g. Hertzum 
et al., 2009; Oh et al., 2013). Further, verbalisations were added to the study as a 
second measure for expertise and were introduced since the teachers indicated that 
students are required to describe images while they perform class activities.

Conclusions

In summary, our results indicate that annotations attract students’ gaze in most of the 
AOIs in training 1 but in just one at post-test and training 2. Also, annotations did 
not affect the apprentice’s gaze coverage or verbalisations as strongly as expected.

We should note some limitations that could have influenced the results. For 
instance, the task and stimuli were selected in agreement with the teachers to cre-
ate an ecological task and to be profession-specific, as suggested by Jarodzka et al. 
(2017); however, the images might have been too simple to identify a huge differ-
ence between the two groups compared to images such as radiographies or technical 
drawings. Also, results from the training sessions indicate that the format of train-
ing 1 is more effective in attracting the gaze of the apprentices since visual annota-
tions are presented one after another and paired with audio description of the gar-
ment, a strategy that has been proved useful in many studies (see Mayer, 2002). This 
could be exploited even further by positioning an high number of annotations on 
the images to recreate an ‘ideal trajectory’ for the participants or, alternatively, use 
model’s eye movements to show participants the best way, according to the expert, 
to explore the images (see, Jarodzka et al., 2013). Further, concurrent think-aloud 
during pre and post-test and training 2 could have had contrasting impact with the 
annotations and, therefore, retrospective think-aloud should be considered as an 
option in future studies on cueing. Another potential limitation is the length of the 
two training sessions that amounted to only few minutes; a longer session or multi-
ple sessions repeated during weeks or months could have led to better results; how-
ever, students were at the beginning of their second year and they would have started 
lessons on shirts very soon, thereby impacting the ecology of the study. It is possible 
that second-year students might be already familiar with the task (already trained in 
the first year although on different kind of garments, in particular skirts) to actually 
benefit from the training and that it might be more valuable for younger students.

Despite its limitations, this study participates in the discussion of numerous ques-
tions in vocational education. For instance, it constitutes one of the few examples 
exploring the initial training of fashion designers. It also contributes to the small 
but fundamental literature on visual expertise among fashion designers and strength-
ens its importance in the profession; being exposed to experts’ way of looking at a 
garment by examining their annotations seems a promising technique to improve 
students’ visual skills at work. Finally, the study is ecological and education-based 
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since it builds on a task that is already used in class to teach students how to observe 
garments with the use of annotations.

Findings could be valuable for teachers to create further learning scenarios (Cattaneo  
et  al., 2015) and implement new tasks to convey a systematic and professional-
specific way to observe garments in photos, patterns, and material forms using  
annotations. For instance, teachers could use annotations in a wide range of tasks in 
which they show students multiple photos of different parts of the same garment to 
increase their understanding of the whole item, or while teaching them how to read 
and create patterns or potentially apply them to video showing manufacturing proce-
dures and tasks.
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