
Putting excellence first: How rubric performance level order and feedback 
type influence students’ reading patterns and task performance

Ernesto Panadero a,b,c , Pablo Delgado d , David Zamorano b,* , Leire Pinedo b ,  
Alazne Fernández-Ortube b , Lucía Barrenetxea-Mínguez b

a Centre for Assessment Research, Policy and Practice (CARPE), Institute of Education, Dublin City University, St. Patrick’s Campus, Dublin, Ireland
b Education Regulated Learning and Assessment (ERLA group), Facultad de Educación y Deportes, Universidad de Deusto, Bilbao, Spain
c IKERBASQUE, Basque Foundation for Science, Bilbao, Spain
d Laboratorio de Diversidad, Cognición y Lenguaje, Universidad de Sevilla, Spain

A R T I C L E  I N F O

Keywords:
Rubric
Feedback
Reading patterns
Eye-tracking
Academic performance

A B S T R A C T

Background: Rubrics are structured assessment tools that describe criteria and levels of performance, helping 
students understand expectations and improve their work. They are widely used to support learning in educa
tional settings. However, little is known about how students process rubrics in real time, and empirical research 
on rubric design and feedback effects is limited.
Aim: This study examines how university students engage with rubrics during two landscape analysis tasks, 
focusing on two variables: the order of performance levels (highest first vs. last) and the type of feedback 
received (no feedback [control], process-based, product-based, or rubric-based). By combining eye-tracking and 
think-aloud protocols, the study offers a multimodal perspective on students’ visual attention and cognitive 
engagement.
Sample: Eighty undergraduate students from six degree programs were randomly assigned to one of four feedback 
conditions.
Methods: A randomized controlled trial was conducted. Eye-tracking data—fixation times, number of visits, and 
gaze transitions—and verbal data from think-aloud protocols were collected across task phases. Integrating these 
process-tracing methods enabled detailed analysis of how students interacted with the rubric and how engage
ment related to performance.
Results: Students focused primarily on the highest performance level, especially when it appeared first. Visual 
attention to this level predicted task performance; verbal references did not. Rubric-based feedback increased 
visual alignment between rubric and task, while process-based feedback led to the strongest performance gains.
Conclusion: Rubric design and feedback type significantly influence student engagement and performance. Eye- 
tracking and think-aloud data provide complementary insights, reinforcing rubrics’ instructional value when 
paired with targeted feedback.

Rubrics are structured assessment tools that articulate evaluation 
criteria across multiple levels of performance (Brookhart, 2018). Widely 
used in educational settings, they are designed to support both in
struction and learning and have been shown to enhance student per
formance (Panadero et al., 2023). Their effectiveness is often attributed 
to the increased transparency they provide, enabling students to un
derstand expectations, self-assess, and improve their learning 
(Brookhart & Chen, 2015; Panadero and Jonsson, 2013). Importantly, 
rubrics may facilitate student learning by increasing the transparency of 

performance expectations, which can help learners focus their attention 
more effectively during task completion. Some studies have suggested 
that this clarity may also reduce cognitive load by supporting more 
efficient information processing (Krebs et al., 2022). Additionally, ru
brics can be more efficient than other assessment tools such as exemplars 
(Lipnevich et al., 2022). Thus, they are generally beneficial, although 
recent evidence also points to conditions under which their effects may 
be limited or mixed (Panadero et al., 2023). To maximize the benefits of 
rubrics, it is crucial to understand when and how they exert their 
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positive effects, so they can be designed and implemented in the most 
effective way.

Despite their popularity (Dawson, 2017; Panadero et al., 2023), little 
is known about how students engage with rubrics while performing 
academic task (Panadero and Jonsson, 2020). In particular, there is a 
lack of research examining how students read rubric components, allo
cate attention across performance levels, and incorporate rubric infor
mation into their task strategies. Further, while feedback is often 
assumed to support rubric use (Brookhart, 2018), there is limited 
empirical evidence on how different feedback types interact with rubric 
engagement and performance (Panadero and Jonsson, 2020). These 
gaps call for research that examines the cognitive and attentional pro
cesses involved in rubric use, as well as how design features and feed
back conditions shape those processes.

1. Rubrics and their effects

A rubric can be defined as a tool that: “articulates expectations for 
student work by listing criteria for the work and performance level de
scriptions across a continuum of quality” (Brookhart, 2018). Rubrics are 
typically represented as tables or matrices, with the first column de
tailing assessment criteria and the subsequent columns indicating 
varying performance levels, which may range from high to low quality 
or vice versa (Panadero et al., 2023).

Rubrics can be effective for both summative and formative purposes 
(e.g., Brookhart, 2018; Jonsson & Svingby, 2007); however, their use by 
students tends to align more with formative intentions. Panadero and 
Jonsson (2013), in their systematic review, argued that rubrics signifi
cantly enhance transparency by making criteria and standards explicit. 
They further posited that rubrics contribute to improved academic 
performance, better reflection on feedback, enhanced planning and 
revision of assignments, and reduced anxiety and negative 
self-regulation. Subsequent reviews, such as Brookhart and Chen (2015), 
and a recent meta-analysis (Panadero et al., 2023), have supported these 
findings.

Importantly, simply providing students with a rubric may not always 
result in improved performance (Wollenschläger et al., 2016), especially 
if they lack prior experience with rubrics or the specific task at hand 
(Panadero et al., 2023). To maximize their effectiveness, rubrics should 
be instructionally integrated into the learning process (Andrade, 2005). 
Thus, achieving impactful student use of rubrics requires not only 
careful design but also thoughtful pedagogical support. In this study, we 
focus on two such support features: how rubrics are designed (i.e., the 
performance level order) and how they are pedagogically accompanied 
(i.e., through different types of feedback). Importantly, while not all 
feedback conditions in this study include explicit references to the rubric 
in the feedback, all students had equal access to the rubric throughout 
the assigned task.

2. Rubric design: the order of performance level

One of the key elements that could influence the effects of rubrics is 
how they are designed (Brookhart, 2018). While they are basic in
struments usually represented as a table, depending on the content and 
organization of their element they could be easier to read and use 
(Jonsson & Svingby, 2007). For instance, if the language used in a rubric 
is too technical, it may hinder student comprehension. Similarly, the 
number of performance levels must be carefully chosen: too many can 
make the rubric difficult to navigate, while too few may fail to capture 
the full range of possible performances. As Brookhart (2018) argues, the 
number of levels should be aligned with the specific decisions required 
and the reliable distinctions that can be identified and utilized in stu
dents’ work. Similarly, Jonsson and Svingby (2007) note that fewer 
levels often increase reliability in evaluations, though they might 
oversimplify performance distinctions. Unfortunately, these two articles 
are reviews and have not directly investigated the ideal number of 

performance levels. To our knowledge, there is scant research exploring 
how the design of rubrics influences their use, particularly from the 
students’ perspective, as the only study we know of focused on the use of 
rubrics by teachers (Humphry & Heldsinger, 2014).

A critical aspect of rubric design that could significantly affect how 
students interact with and understand them is the order of presentation 
of the performance levels. Particularly, the placement of the highest 
performance level, typically the most detailed, may influence how stu
dents approach the rubric. Questions arise such as whether students 
predominantly focus on the highest level or if their engagement with the 
rubric varies depending on its position. To investigate this, we will 
manipulate the order of presentation from highest to lowest and vice 
versa.

3. Feedback as an implementation factor

Given that rubrics are instructional scaffolds, it is to be expected that 
their effects are influenced by instructional variables. One that seems 
crucial is feedback (Andrade, 2005; Wollenschläger et al., 2016). Here, 
an interesting dilemma arises as rubrics themselves are tools to provide 
feedback (Lipnevich et al., 2022). This raises an important distinction: 
while rubrics inherently provide evaluative information, students may 
still require additional feedback to learn how to interpret and act upon 
that information effectively. Essentially, students -particularly those not 
yet skilled in self-assessment- rely on external feedback to maximize the 
benefits of rubric use. Without this essential feedback, there is a sig
nificant risk of students misapplying rubrics, which can impede their 
ability to fully realize and develop their capabilities.

Previous research has explored how giving different types of feed
back and the use of a rubric influence variables such as academic per
formance, self-regulatory strategies, or metacognition (Panadero et al., 
2012; Saiz-Manzanares et al., 2017; Wollenschläger et al., 2016). For 
example, Panadero and colleagues (2012) compared the effects of two 
types of feedback, mastery vs performance, when students were using 
rubrics in a landscape analysis. They found that mastery feedback, 
increased their participants self-efficacy, whereas performance feedback 
worsened the students’ negative self-regulatory strategies. However, 
these studies did not specifically investigate how feedback influences the 
students’ interaction with the rubric itself. Thus, further research in this 
area is necessary.

In this study, we compared four feedback conditions: no feedback 
(control), process-based feedback (focused on task execution strategies), 
product-based feedback (focused on the final output), and rubric-based 
feedback (aligned with performance levels in the rubric).

4. Students’ rubric use: tracking visual attention and cognitive 
strategies

Understanding how students use rubric information, both in terms of 
how they visually attend to performance criteria and how they interpret 
and apply this information cognitively, requires methodological tools 
that go beyond outcome measures. This is particularly important when 
considering how design features (e.g., performance level order) and 
instructional supports (e.g., feedback type) may shape not only how 
rubrics are used, but also the cognitive strategies and attentional pat
terns that underlie their use. To investigate these internal processes, it is 
necessary to adopt a methodological approach capable of capturing 
students’ real-time use of rubrics as they perform academic tasks.

This need for process-oriented investigation is underscored by prior 
research on rubric use. While some studies have explored how different 
raters or teachers engage with rubrics (e.g., Postmes et al., 2023; Winke 
& Lim, 2015), less attention has been paid to how students engage with 
and make sense of these tools in real time during task execution (e.g., 
Andrade & Du, 2007; Turley & Gallagher, 2008).

Most existing research has focused on retrospective self-reports 
about rubric use (e.g., Andrade & Du, 2005), which offer limited 
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insight into the actual processes involved. In contrast, process-tracing 
methods such as eye-tracking and think-aloud protocols provide com
plementary access to students’ real-time cognitive and attentional 
engagement. Eye-tracking captures students’ visual attention patterns, 
revealing which rubric components they fixate on, in what sequence, 
and for how long (Holmqvist et al., 2011). However, visual behavior 
alone does not reflect the full range of cognitive processing. For this 
reason, in this study we also integrate think-aloud protocols (Ericsson & 
Simon, 1993), which encourage students to verbalize their thoughts and 
strategies as they work with the rubric, providing insights into how they 
interpret and apply rubric information during the task.

Despite their potential, these methods have rarely been used to study 
how students engage with rubrics. To our knowledge, only one pub
lished study has used eye-tracking in a rubric context (Winke & Lim, 
2015), focusing on teacher-raters rather than students and without 
counterbalancing rubric structure. Moreover, no study to date has 
combined both eye-tracking and think-aloud protocols to examine how 
students read and use rubrics. This gap underscores the need for 
empirical work that explores both visual attention and cognitive stra
tegies in parallel, especially when students are asked to use rubrics 
formatively during complex academic tasks.

5. A multimodal process-tracing approach to rubric use

To address this methodological gap, our study adopts a multimodal 
approach that triangulates visual and verbal process data (Panadero, 
2023). Eye-tracking provides fine-grained, real-time information on 
attentional focus (Jarodzka et al., 2021), which we analyze using three 
indicators: fixation times, frequency of visits to specific rubric elements, 
and gaze transitions between rubric and task stimuli. These metrics 
allow us to infer how students engage with rubric content during key 
moments of task performance (van Gog & Scheiter, 2010).

Complementing this, we employ think-aloud protocols to examine 
students’ explicit reasoning and cognitive strategies. These verbal data 
capture dimensions of understanding and rubric use that may not be 
evident from visual attention patterns alone, such as how students 
compare performance levels, interpret rubric criteria, or plan their task 
responses (Ericsson & Simon, 1993).

The integration of these two data sources follows a logic of trian
gulation common in mixed-methods research (Creswell & Plano-Clark, 
2018), allowing us to capture both convergences and divergences in 
students’ engagement with rubrics (Panadero, 2023). This methodo
logical strategy enhances the interpretive validity of our findings and 
provides a richer, more nuanced understanding of how rubrics function 
as instructional tools during authentic learning activities.

6. The present study: aim, research questions, and hypotheses

This study investigates how university students engage with rubrics 
during two landscape analysis tasks, focusing on two key instructional 
variables: the order in which performance levels are presented in the 
rubric (highest first vs. lowest first) and the type of feedback received 
(no feedback -control-, process-based, product-based, or rubric-based). 
Our aim is to examine how these two instructional variables students 
engagement with rubrics (i.e., reading patterns and use) and their task 
performance. To capture both attentional and cognitive engagement, we 
combine two complementary process-tracing methods: eye-tracking and 
think-aloud protocols. Eye-tracking provides measures of visual 
behavior, focusing here on fixation times, number of visits, and gaze 
transitions, while think-aloud protocols offer insight into students’ 
verbalized reasoning as they use the rubric. Specifically, we address four 
research questions (RQ) and hypotheses (H). 

RQ1. How do students engage with performance levels (PL) of the 
rubric during their initial interaction?

H1 We hypothesize that students will prioritize the highest perfor
mance level (PL4) in both their visual and verbal engagement 
with the rubric.

RQ2. Does the order of PL in the rubric affect students’ reading 
patterns?

H2 We hypothesize that presenting the highest performance level 
(PL4) first will more strongly guide students’ attention toward it 
compared to when it appears last.

RQ3. Is students’ rubric reading pattern related to their perfor
mance on a first task?

H3 We hypothesize that students’ attention to PL4, especially visual 
engagement, will be positively associated with task performance.

RQ4. How does the type of feedback on students’ first task per
formance influence students’ engagement with the rubric and 
performance in a subsequent task?

H4 We hypothesize that rubric-based feedback will enhance stu
dents’ engagement with the rubric, particularly toward PL4, and 
lead to greater improvement in task performance compared to 
other feedback types or no feedback.

7. Method

7.1. Participants

7.1.1. Inclusion and exclusion criteria
We reached to students from six different undergraduate programs 

from the same university. The only exclusion criterion was having visual 
impairments or a recent eye surgery. One participant was excluded on 
this basis, and all remaining participants had normal or corrected-to- 
normal vision.

7.1.2. Participants
Our participants were 138 first year university students. They were 

randomly assigned to one of four experimental conditions using a 
random number generator. his approach aimed to balance participant 
characteristics across conditions.

Eye-tracking data were collected while participants engaged in the 
experimental tasks. Due to the strict quality controls applied to ensure 
data validity, 58 participants (42 %) were excluded from the analyses. 
These exclusions did not substantially affect the group composition, as 
the remaining participants were still relatively evenly distributed across 
the four experimental conditions (20, 19, 21, and 20 participants, 
respectively). The final sample thus consisted of 80 participants. Of 
these, audio recordings from four participants were not successfully 
captured due to technical issues, making their think-aloud data un
available. Nevertheless, their eye-tracking data were valid and included 
in the analyses.

The participants in the final sample analyzed here were majoring in 
Psychology (43.75 %), Medicine (18.75 %), Education (12.5 %), Sport 
Sciences (12.5 %), Social Work (8.75 %), and Social Education (3.75 %). 
The average achievement level of the sample before entering university 
was 8.3 over 10, reflecting a notably high academic standard among the 
participants.

Finally, considering the rubric and the experiment was conducted in 
Spanish we explored the dominant language of the participants. They 
self-reported their dominant language as can be seen at Table 1, with an 
even distribution of the participants.

E. Panadero et al.                                                                                                                                                                                                                               Learning and Instruction 99 (2025) 102168 

3 



7.1.3. Sampling procedure
Participants were recruited through convenience sampling from 

undergraduate programs at the institution where several of the authors 
(first, third, fourth, fifth, and sixth) are affiliated. We approached the 
students through emailing their teachers as to attend one of the sessions 
to present our study. There, the aim and significance of the study was 
explained, and all the students were invited to take part. A sheet of paper 
was held to the students so the ones willing to participate could write 
their email address. In total, we approached seven classroom groups, 
from which 174 students allowed us to contact them and 138 came to 
the laboratory to participate. As already mentioned, due to data loss 
derived from filtering eye-tracking data quality (see Apparatus and 
measures section below), only 80 (58 %) were taken as participants in 
this publication, 55 of them females. Participants that fully completed 
the experiment received an economic incentive (5€) for taking part in 
the study.

8. Materials and intervention

8.1. Rubric

The rubric was created in a previous study (Panadero et al., 2012), 
using Social Science experts’ models of landscape analyses (see Ap
pendix A for more information on the design and implementation). The 
rubric contains four performance levels and five assessment criteria (see 
Appendix B). This allowed us to examine whether the position of per
formance levels influenced how students engaged with the rubric. To 
control for potential confounding effects, we also counterbalanced the 
vertical order of assessment criteria across participants. The rubric was 
written in Spanish. In Appendix C provides additional procedural details 
regarding the feedback process, including the rubric-based feedback.

We explored the structure and reliability of the rubric via three 
measures. First, we examined the underlying factor structure of the 
rubric by conducting an exploratory factor analysis (EFA) using the 
Unweighted Least Squares extraction method and Oblimin rotation. 
Prior to conducting the EFA, the suitability of the data for factor analysis 
was evaluated. The Kaiser-Meyer-Olkin (KMO) measure of sampling 
adequacy was 0.738, indicating moderate adequacy for factor analysis. 
Bartlett’s test of sphericity was significant (x2(10) = 65.73, p < .001), 
confirming that the correlation matrix was suitable for factor analysis. 
The analysis revealed one factor with an eigenvalue greater than 1, 
which explained 40.90 % of the variance. Following extraction, this 
factor accounted for 26.51 % of the variance, suggesting a unidimen
sional structure. Overall, the results suggest that the rubric can be rep
resented by a single underlying construct. The moderate communalities 
and factor loadings indicate that the criteria are sufficiently related to 
justify their inclusion in a single-factor model, although the variance 
explained is modest.

Secondly, we measured the internal reliability of the five assessment 
criteria comprising the rubric using the omega coefficient (McDonald, 
1999), as it is considered more appropriate than Cronbach’s alpha for 
analyzing items with fewer than five possible values 
(Trizano-Hermosilla & Alvarado, 2016). The results showed omega 
values of 0.603 and 0.631 for the grading of students’ written analysis 1 
and written analysis 2, respectively. Although modest, these values are 
within an acceptable range for educational instruments with a small 

number of items and performance levels, particularly in formative 
assessment contexts (Lance et al., 2006; Loewenthal & Lewis, 2020).

Finally, we employed the rubric to evaluate students’ task perfor
mance, with two independent raters (the fifth and sixth authors) 
achieving excellent inter-rater reliability (see the section below, “Task 
Performance”).

8.1.1. Task: landscape analysis
A landscape analysis typically involves a systematic examination and 

evaluation of the physical, environmental, and socio-economic aspects 
of a particular area or region. Therefore, the task consisted in analyzing, 
first orally and then in writing, two landscapes with different charac
teristics: a) a rural area with Continental climate and (b) a rural area 
with Mediterranean climate (see Appendix D). Each landscape was 
presented twice: (1) along with the rubric while the participant per
formed the oral analysis and (2) then along with the rubric and a text 
processor (i.e., word file) where participants wrote their final landscape 
analysis. Importantly, the ability to analyze landscapes is a competence 
included in the secondary education curriculum in Spain.

8.1.2. Instructions
All participants received the same oral instructions for the task 

(Appendix E), and were also given a printed sheet summarizing the task 
requirements to ensure consistency across sessions.

8.1.3. Types of feedback
We assigned participants to four feedback conditions using stratified 

randomization. In the no feedback condition, participants received no 
information after completing the two landscape analyses. In the process 
feedback condition, participants received comments about how they 
approached the task (i.e., analyzing the landscape), focusing on process- 
level feedback (Hattie & Timperley, 2007) that compared their approach 
to that of an expert and highlighted key omissions (e.g., “This aspect 
appears in the expert analysis, but you didn’t mention it …”). In the 
product feedback condition, participants received task-level feedback 
(Hattie & Timperley, 2007) on the quality of their written output (i.e., 
the landscape analysis), without referencing the rubric (e.g., “You 
correctly addressed all required elements in this section.”). Finally, in 
the rubric-based feedback condition, comments were explicitly 
anchored in the rubric, linking performance to specific criteria and 
levels (e.g., “For this criterion, you would be at level X because you 
commented on …”). At no point did we provide feedback on how to use 
the rubric itself (e.g., “You should focus more on the performance level 
4”). All feedback was provided immediately after task completion to 
ensure timeliness and relevance while minimizing recall issues. See 
Appendix C for a more detailed explanation and excerpts of the different 
types of feedback.

8.2. Apparatus and measures

8.2.1. Eye tracker
All the stimuli were presented on a 24-inch screen with 1680x1050- 

pixel resolution. Participants’ eye movements were recorded using a 
Tobi Pro Fusion screen-based eye tracker at 250 Hz that was calibrated 
using a five-point scheme (minimum required accuracy: 0.5◦; Holmqvist 
et al., 2011). Calibration was performed for each participant before 
starting each experimental phase (see Fig. 2). See Appendix F for 
detailed information on the eye-tracker settings and data cleaning.

We measured participants’ visits to each rubric PL (i.e., areas of in
terest) and total fixation time on each rubric cell in three testing times: 
(1) initial reading of the rubric, (2) oral analysis 1, and (3) oral analysis 2 
(see Fig. 2). In addition, we measured participants’ number of gaze 
transitions between each rubric PL and the picture of the landscape (see 
Fig. 1) during both oral analysis tasks (see Fig. 2).

Visits to each rubric PL were identified by tracking gaze transitions 
from any part of the stimulus (either the rubric or the picture) to a 

Table 1 
Distribution of values for self-reported dominant language, mother tongue, and 
language in compulsory education.

Language status 
variable

Values n in 1–4 PL order 
condition

n in 4-1 PL order 
condition

Self-reported 
dominant language

Spanish 20 23
Euskera- 
Spanish

19 18
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specific PL. Single-fixation visits to a PL were excluded to avoid spurious 
fixations during transitions between areas of the stimuli (e.g., if a 
participant read PL4 and then PL1 but made a fixation on PL2 in 

between, that fixation was excluded).
Regarding fixation times on each cell, they were divided by the 

number of characters in each rubric cell to account for differences in text 

Fig. 1. Visualization of the process and materials used by participants.

Fig. 2. A detailed illustration of the procedure.
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length across cells. While characters are not inherently meaningful 
units, word length is a well-established determinant of fixation duration 
(Salthouse & Ellis, 1980). Controlling for character count thus allowed 
us to better isolate the effects of rubric content and structure on stu
dents’ visual attention, as recommended in text complexity and 
eye-tracking research (Feng et al., 2010).

Gaze transitions between each rubric PL and the picture were iden
tified by tracking eye movements in both directions: from the picture to 
a rubric PL and vice versa.

8.2.2. Think-aloud method
To examine students’ cognitive engagement with rubrics, we 

collected concurrent think-aloud protocols (TAP) as participants 
analyzed the landscapes (see Procedure for more details). Below, we 
outline the key methodological decisions taken regarding the imple
mentation, processing, and analysis of these data.

Think-Aloud Instructions and Prompting. Before starting the 
experiment, participants received a brief training session on how to 
think aloud. They were asked to complete a familiar visualization ex
ercise: “Imagine you are standing at the front door of your house. Now, 
as you walk inside, count the number of windows your house has while 
verbalizing everything you see, do, and think.” This exercise was 
intended to familiarize participants with verbalizing cognitive processes 
without engaging in additional interpretation or justification (Ericsson 
& Simon, 1993).

Throughout the experimental phases, participants were reminded to 
verbalize their thoughts as they interacted with the rubric and task 
materials. If they remained silent for 30 s, the researcher provided a 
standardized prompt: “What are you doing now?” or “Remember to tell 
me what you are thinking, feeling, and the strategies you are using.” This 
30-s rule aligns with established think-aloud procedures (McDonald and 
Petrie, 2013) to maintain verbalization without disrupting cognitive 
flow. Importantly, during the written landscape analysis, prompting was 
minimized to avoid interfering with cognitive processes. In those cases, 
prompts were only delivered if the participant appeared disengaged or 
had potentially finished the task.

Cognitive Load and Task Design. The landscape analysis task was 
chosen to ensure a moderate level of cognitive demand. This aligns with 
prior recommendations suggesting that tasks that are too simple may 
only elicit superficial cognitive processing, while overly complex tasks 
can overwhelm participants and interfere with their ability to verbalize 
their thoughts (Charters, 2003; Ericsson & Simon, 1993). Additionally, 
the task was aligned with the social sciences training students had 
received in secondary education. This ensured that they were familiar 
with the type of analytical reasoning required, while still being chal
lenged to engage in higher-order cognitive processing.

Levels of Verbalization. We aimed to elicit verbalizations corre
sponding to Level 1 and Level 2 of Ericsson and Simon’s (1993) classi
fication, as these are the least intrusive and most natural forms of 
verbalization during task performance. Level 1 verbalizations occurred 
when participants naturally described their visual and cognitive pro
cesses in real-time, such as stating which rubric section they were 
reading. Level 2 verbalizations included brief elaborations, such as 
explaining how they were using rubric information to analyze the 
landscape. Since this study did not focus on deep metacognitive re
flections, Level 3 verbalizations, which require additional interpretation 
or justification beyond the natural thought process, were not elicited as 
part of the protocol.

Triangulation with Eye-Tracking Data. This study integrates TAP 
with eye-tracking measures—specifically fixation times, number of 
visits, and gaze transitions—to examine students’ engagement with 
rubric elements. Although both data sources were collected concur
rently, our primary analytical strategy treated them as complementary 
but independent indicators: visual behavior and verbalized reasoning 
were analyzed in parallel to identify converging or diverging patterns 
across groups and conditions. In some cases, we conducted cross-checks 

to ensure that verbalizations referring to specific rubric elements were 
preceded by visual attention to those areas; however, these checks were 
used selectively to validate protocol quality rather than as a systematic 
basis for analysis. Thus, the triangulation in this study reflects conver
gence at the level of interpretive patterns, rather than fine-grained, 
synchronized episode-level coding.

Segmentation and Unit of Analysis. For analysis, we segmented 
think-aloud verbalizations into discrete units based on expressed ideas 
rather than rigid sentence boundaries. Each unit was determined by 
shifts in focus, such as moving from describing a rubric section to dis
cussing its relevance to the task. This flexible segmentation allowed for a 
more precise mapping of verbalized strategies to eye-tracking data.

Coding Process and Inter-Rater Reliability. Think-aloud data 
were coded based on three analytical categories. First, direct references 
to rubric elements (e.g., mentioning a specific performance level). Sec
ond, comparisons between performance levels (e.g., statements con
trasting two levels). Third, indications of strategic reading behavior (e. 
g., statements suggesting sequential or selective reading). The coding 
process followed an iterative approach: the first and fourth authors 
independently coded 52 think-aloud segments, reaching a Cohen’s 
kappa of 0.80, indicating strong inter-rater reliability (Landis & Koch, 
1977). The remaining segments were coded collaboratively, with both 
authors working side by side and resolving the only two discrepancies 
through consensus.

8.2.3. Task performance
Task performance was evaluated independently for each of the two 

written landscape analyses. The same rubric used throughout the study 
was applied for scoring (see Appendix B). The fifth and sixth authors 
independently scored two rounds comprising 15 % of the written tasks 
to establish inter-rater reliability, which reached an excellent level (ICC 
= 0.99; Intra-class Correlation Coefficient, Hallgren, 2012). Once reli
ability was established, the sixth author scored the remaining analyses. 
Any discrepancies between coders were discussed and resolved 
collaboratively.

8.2.4. Students’ University Entry Exam scores
The students reported their University Entry Exam scores. In the 

Spanish education system, these scores vary between 7 (minimum score 
needed to access Bachelor programs) and 14 (maximum potential score).

8.2.5. Additional measures not analyzed in the present study
In addition to the instruments and measures reported above, the 

participants self-reported other variables (e.g., self-regulated learning) 
by means of questionnaires. These data are not part of the scope of the 
present study, so they are not analyzed here. The description of these 
questionnaires can be found in Appendix G.

8.3. Experimental design

We employed an experimental mixed design including one within- 
participant factor and two between-participant factors. The order of 
the performance levels (PLs) in the rubric was manipulated as a 
between-participant factor with two conditions: (1) highest to lowest 
(PL4–PL1) and (2) lowest to highest (PL1–PL4). Although all partici
pants were exposed to the same four performance levels (PL1 to PL4), we 
examined their visual and verbal engagement with each PL, which were 
treated as repeated measures in the statistical analyses. Additionally, 
participants were randomly assigned to one of the four feedback con
ditions: (1) control group without feedback, (2) process feedback, (3) 
product feedback, and (4) feedback based in the rubric. Participants 
were also assigned to the experimental conditions ensuring a balanced 
gender and previous academic performance representation. We 
distributed the participants evenly among the four experimental 
conditions.
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8.4. Procedure

Participants were recruited through an in-class presentation deliv
ered by one of the research team members. During this presentation, 
students were informed about the general objectives of the study and 
invited to voluntarily express their interest in participating by writing 
their email address on a sign-up sheet. Only students who signed up 
were contacted to schedule a date and time for their individual partic
ipation. Upon arrival at the laboratory, participants were again given a 
detailed explanation of the procedure, including the nature of the tasks 
and the data to be collected (e.g., eye-tracking, think-aloud protocols). 
At that point, they were invited to read an informed consent document 
and were explicitly told they could decline or withdraw from the study 
at any point without consequence. Only those who agreed signed the 
consent form and proceeded with the experiment.

Each participant attended the experimental session individually and 
was welcomed by a member of the research team. The study was con
ducted entirely in Spanish, including all materials and instructions. After 
providing informed consent and receiving a detailed briefing about the 
procedure, participants were trained on how to think aloud and 
completed a brief practice task. They then filled out a set of initial 
questionnaires. Once completed, they were seated—separated by a room 
divider to ensure privacy—facing the computer equipped with a built-in 
eye tracker. A five-point calibration was performed for each participant. 
The experimental procedure consisted of two phases, as illustrated in 
Fig. 2.

First, participants were shown the rubric and instructed to read it 
carefully and familiarize themselves with its structure and content -this 
constituted the first phase. No further guidance was provided, as the 
objective was to observe how students would interact with the rubric in 
the absence of explicit instructions. Importantly, all participants had 
prior experience working with rubrics. While reading the rubric, par
ticipants were reminded to think aloud and verbalize their thoughts, 
feelings, and strategies.

Once they finished reading the rubric, participants were shown the 
same rubric, but this time along with the first landscape (rural area with 
Continental climate) and they were asked to analyze the landscape aloud 
-this constituted the second phase. Lastly, a text processor was opened, 
and participants were asked to write the landscape analysis they already 
developed aloud -this constituted the third phase. While performing the 
written landscape analysis, they could consult the rubric and landscape 
as they were also presented along with the text processor.

After finishing the written landscape analysis, feedback was orally 
provided immediately by either the third, fourth or fifth authors. The 
content of the feedback depended on the condition to which the 
participant was randomly assigned: no feedback, to the process, to the 
product, or rubric based. The corresponding feedback was delivered 
from a document that contained detailed feedback as to ensure same 
content within conditions. The researcher working with the participant 
delivered the pieces of information that were relevant based on the 
participant’s performance so that the feedback was tailored to the 
participant. After this, the eye tracker recording stopped as the first 
landscape analysis had finished. Then the participant filled out a 
cognitive load scale, whose data are not presented here as they fall 
outside the scope of the current study, which focuses exclusively on 
students’ visual and verbal engagement with rubrics.

After completing the cognitive load scale, participants proceeded 
directly to the second landscape analysis. The eye-tracker was recali
brated, and the same procedure was repeated with two key modifica
tions: (1) the rubric was not shown in isolation again, as this step was 
only necessary during the first phase; and (2) a different landscape was 
used—this time, a rural area with a Mediterranean climate. Participants 
first completed an oral analysis of this second landscape -this constituted 
the fourth phase-, followed by a written analysis -this constituted the 
fifth phase. After completing the task, they received oral feedback from 
one of the authors, depending on their assigned condition. Finally, 

participants filled out a new set of questionnaires.

8.5. Data analyses

We performed linear mixed-effect models (LMM) to analyze stu
dents’ fixation times and number of visits to each PL, whereas students’ 
rubric-picture transitions and performance in the written analysis tasks 
were analyzed by means of generalized linear models (GLM) using R 
software version 4.3.0 in all cases. Eye movements during the initial 
rubric reading (phase 1) and during oral analysis 1 (phase 2; see Fig. 2) 
were combined to examine a more comprehensive picture of partici
pants’ rubric reading and use when using the rubric during the first task. 
Variables with non-normal distribution (i.e., skewness or kurtosis values 
do not fall within the ±2 range; George & Mallery, 2010) were 
log10-transformed.

Decisions on setting fixed or random slopes of the random effects for 
each LMM were based on null models’ goodness of fit comparisons. An 
overview of the models and a more detailed description of these analyses 
and the R functions used can be found in Appendix H.

For the analysis of think-aloud protocols, we focused on those seg
ments in which participants explicitly referenced performance levels 
(PLs) or engaged in rubric-related reading behavior. These protocols 
were manually coded and categorized based on their content, dis
tinguishing between direct references to specific PLs, sequential reading 
strategies, and general or structural engagement with the rubric. Fre
quency counts for each category were computed, and distributions were 
analyzed using Chi-Square tests or one-way ANOVA, depending on the 
nature of the comparison and the structure of the data. In cases where 
participants contributed multiple protocols, independence of observa
tions could not always be assumed; this limitation was acknowledged in 
the interpretation of results. When relevant, additional analyses 
excluding high-frequency contributors were conducted to assess the 
robustness of the findings.

9. Results

The results presented below offer an integrated summary of the key 
findings from eye-tracking and think-aloud data in relation to each 
research question. For transparency and completeness, the full statistical 
outputs and detailed model information are available in Appendix I. 

RQ1. How do students engage with performance levels (PL) of the 
rubric during their initial interaction?

We first examined how frequently students visited each performance 
level (PL) in the rubric and how much time they spent reading them, 
using eye-tracking data from phases 1 and 2. Linear mixed-effect model 
(LMM) analyses showed that rubric order had no significant effect on the 
number of visits to all PLs combined (t = − 0.28, p = .09) nor on the total 
fixation time (t = − 1.80, p = .08). In contrast, clear differences emerged 
based on cell PL. Participants visited PL4 significantly more often than 
PL1, PL2, and PL3 (t values > 6.08, p values < 0.001). Regarding fixa
tion time, students spent significantly more time on PL4 compared to 
PL2 and PL3 (t = 2.76, p = .01; and t = 4.10, p < .001, respectively), 
while time on PL4 and PL1 was not significantly different (t = 1.13, p =
.28).

Next, we analyzed the frequency with which students verbally 
referenced specific performance levels in their think-aloud protocols 
during Phase 1. Of the 174 protocols reflecting reading actions, 76 
included explicit references to a particular PL. Initial analysis showed a 
relatively even distribution across levels: 19.7 % (PL1), 23.7 % (PL2), 
27.6 % (PL3), and 28.9 % (PL4), with no significant differences detected 
(χ2(3) = 1.58, p = .66). However, when excluding three participants 
who produced a disproportionately high number of references, the 
adjusted dataset (n = 26) showed that PL4 was referenced significantly 
more than the other levels (χ2(3) = 11.85, p < .01).

Taken together, eye-tracking and think-aloud data converge in 
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indicating a heightened level of student attention to PL4 during initial 
rubric engagement. While fixation time for PL4 did not significantly 
differ from PL1, PL4 was visited more frequently and, after outlier 
adjustment, referred to more often in verbal protocols. This triangulated 
evidence suggests that PL4 served as a key anchor point in students’ 
rubric processing. 

RQ2. Does the order of performance levels in the rubric affect 
students’ reading patterns?

First, we analyzed whether the order in which performance levels 
(PL) were presented in the rubric influenced students’ reading patterns, 
using both the number of visits and fixation times from phases 1 and 2. 
Linear mixed models revealed significant interaction effects between 
rubric PL order and the specific PL visited. Participants who received the 
1–4 PL order visited PL1 and PL2 significantly more often than those 
who received the 4–1 order (t = 2.66, p = .01; and t = 2.35, p = .02, 
respectively); conversely, participants in the 4–1 condition visited PL4 
more frequently than those in the 1–4 condition (t = 3.82, p < .001; see 
Fig. 3). Fixation times showed a parallel pattern (see Fig. 4): participants 
in the 1–4 condition spent significantly more time on PL1 and PL2 (t =
4.45, p < .001; and t = 2.80, p = .01, respectively); conversely, partic
ipants in the 4–1 condition spent significantly more time on PL4 than 
their peers in the 1–4 condition (t = 2.23, p = .03). Additionally, par
ticipants in the 1–4 condition focused more on PL1, with significant 
differences for PL1 versus PL3 and PL4 (t = 4.06, p < .001; and t = 3.19, 
p = .003, respectively); while participants in the 4–1 condition spent 
more time fixating on PL4 than on the other levels (vs PL1: t = 3.52, p <
.01; vs PL2: t = 3.69, p < .001; vs PL3: t = 2.69, p = .01).

Next, we examined whether rubric PL order influenced students’ 
verbalized references to performance levels in their think-aloud pro
tocols. A Chi-Square Test of Independence on all 76 references did not 
yield significant results, χ2(3) = 5.72, p = .13. A follow-up analysis 
excluding three participants with disproportionately high numbers of 
mentions (n = 26) also showed no significant effect, χ2(3) = 1.23, p =
.75. These results suggest that rubric order did not affect how frequently 
students verbally referenced the performance levels.

Taken together, eye-tracking data indicate that students’ visual 
attention was strongly influenced by the order of performance levels in 
the rubric: they spent more time and revisited more frequently the 
performance level that was positioned first. However, this pattern was 
not mirrored in their verbalizations, which did not show significant 
variation across rubric order conditions. While visual behavior appears 
sensitive to structural presentation, students’ verbal references to per
formance levels were comparatively stable. Therefore, our hypothesis is 
only partially supported: although students who received the 4–1 rubric 
order focused more on PL4 and relied less on lower levels -as expected- 
their verbalized strategies did not reflect this shift in attention. 

RQ3. Is students’ rubric reading pattern related to their perfor
mance on a first task?

First, we explored whether students’ rubric reading behavior was 
associated with their task performance in the written landscape analysis. 
General linear models (GLM) revealed that among all performance 
levels, only attention to PL4 predicted higher performance. Specifically, 
the number of visits to PL4 significantly predicted better task outcomes 
(t = 2.11, p = .04), as did the average fixation time on PL4 (t = 2.56, p =
.01). No such associations were observed for PL1, PL2, or PL3. Rubric 
order showed no significant effect on performance, and neither the 
interaction between rubric order and number of visits nor the interac
tion between rubric order and fixation time reached significance. 
Finally, although the number of gaze transitions between PL4 and the 
picture during oral analysis 1 did not reach conventional significance, it 
showed a positive trend (t = 1.75, p = .08), suggesting that shifting 
attention between PL4 and the task may also be functionally related to 
performance.

Then, we examined whether students’ verbal references to specific 
performance levels in think-aloud protocols (TAP) were linked to task 
performance. A total of 85 protocols from Phases 1 and 2 included 
explicit references to PLs and were included in the analysis. A one-way 
ANOVA revealed no significant differences in task performance as a 
function of the referenced PL, F(3, 81) = 0.60, p = .62, with homogeneity 
of variances confirmed by Levene’s test. A follow-up analysis excluding 

Fig. 3. Students’ frequency of visits to each PL per rubric PL order condition. 
Note. In the figure, cell PL is orderer from 1 to 4 in this figure for both rubric PL orders, but note that the order was inverted (i.e., from 4 to 1) for the students who 
read the rubric with 4-1 PL order (values in red) when performing the experimental task. Also note that estimates are based on log10-transformed data, they thus do 
not represent number of visits.
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three participants who accounted for a disproportionate number of TAPs 
yielded similar results, F(3, 30) = 1.05, p = .39. Post hoc comparisons 
showed no significant pairwise differences between groups. It is 
important to note that this analysis does not fully meet the assumption of 
independence, as some participants contributed multiple TAPs.

Taken together, the results partially support our hypothesis. Eye- 
tracking data showed that both the frequency and duration of visual 
attention to PL4 were positively associated with better performance in 
the written task, suggesting that engaging with the rubric’s depiction of 
high-level performance plays a functional role in guiding students’ 
output. In contrast, verbal references to performance levels did not 
predict task performance, indicating a potential dissociation between 
what students look at and what they verbalize. Overall, the findings 
suggest that attention to PL4, as evidenced through gaze behavior, may 
serve as a meaningful marker of productive rubric use, while verbal 
protocols appear less diagnostic in this context. 

RQ4. How does the type of feedback on students’ first task per
formance influence students’ engagement with the rubric and 
performance in a subsequent task?

First, we examined whether the type of feedback received after the 
first written analysis influenced students’ rubric reading behavior dur
ing the second oral analysis (Phase 4). We focused on PL4, given that 
previous analyses identified it as the performance level most strongly 
associated with task performance. General linear models (GLMs) 
revealed that neither feedback type nor its interaction with rubric PL 
order had a significant effect on the number of visits to PL4 (all ts < 0.43, 
ps > 0.67) or on fixation time (all ts < 0.55, ps > 0.58), suggesting 
similar levels of visual engagement with PL4 across feedback conditions. 
However, when analyzing changes in PL4-picture gaze transitions (i.e., 
the difference between oral analyses 1 and 2), a significant effect of 
feedback was found. Specifically, only students who received rubric- 
based feedback significantly increased their transitions from PL4 to 
the picture (t = 2.19, p = .03), whereas no such increase was observed in 
the other feedback conditions. This effect was not moderated by rubric 
PL order. Furthermore, among all gaze-related measures at Phase 4, only 

the number of PL4-picture transitions significantly predicted students’ 
performance in written analysis 2 (t = 2.01, p = .049), even after con
trolling for University Entry scores.

Next, we analyzed verbal engagement with the rubric at Phase 4 
which was minimal. Out of 1621 think-aloud protocols collected, only 
eight included explicit references to performance levels. Due to the 
extremely small and uneven distribution of these verbalizations across 
feedback conditions, no statistical analysis was conducted for this data.

Finally, we analyzed the extent to which feedback type influenced 
students’ performance in written analysis 2. A score-change index was 
calculated by subtracting performance on written analysis 1 from that 
on written analysis 2. The GLM showed a significant main effect of 
feedback. Students who received process-based or product-based feed
back improved significantly more than those in the control group (t =
3.51, p < .001; and t = 2.51, p = .01, respectively). The rubric-based 
feedback group also showed gains, but the difference only approached 
significance compared to the no-feedback group (t = 1.98, p = .05). No 
interaction effect with rubric PL order was observed.

Taken together, these results provide partial support for H4. As 
predicted, students who received rubric-based feedback showed 
increased PL4-picture transitions, which also positively predicted task 
performance, suggesting deeper cognitive engagement with perfor
mance criteria. However, rubric-based feedback did not lead to 
increased visits or fixation times on PL4, nor did it result in significantly 
higher verbal engagement—likely due to floor effects in the TAP data. 
Finally, in line with H4c, all three feedback conditions produced gains in 
performance, but contrary to expectations, rubric-based feedback yiel
ded the smallest (and marginal) improvement compared to process- and 
product-based feedback.

10. Discussion

This study investigated how two key elements in rubric 
use—namely, the design of the rubric (specifically, the order in which 
performance levels are presented) and the type of feedback provi
ded—influence students’ engagement with the rubric and their task 

Fig. 4. Students’ fixation times for each cell PL and rubric PL order condition. 
Note. In the figure, cell PL is orderer from 1 to 4 in this figure for both rubric PL orders, but note that the order was inverted (i.e., from 4 to 1) for the students who 
read the rubric with 4-1 PL order (values in red) when performing the experimental task. Also note that estimates are based on log10-transformed data, they thus do 
not represent milliseconds.
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performance. To examine these questions, we analyzed four research 
questions (RQ), drawing on eye-tracking data, think-aloud protocols, 
and students’ task outcomes across a multi-phase experimental design.

Our results provide several converging findings. First, students 
directed most of their attention, both visually and verbally, to the 
highest performance level (PL4), particularly during their initial 
engagement with the rubric (RQ1). Second, the order in which perfor
mance levels were presented had a clear effect on reading behavior: 
participants prioritized the level that appeared first, but this structural 
manipulation did not translate into differences in verbal engagement or 
performance outcomes (RQ2). Third, the depth of attention to PL4 
-especially gaze transitions between PL4 and the task-was associated 
with better performance, highlighting the functional role of visual 
engagement with exemplar-level information (RQ3). Finally, rubric- 
based feedback led to a specific increase in PL4-task gaze transitions 
during a subsequent task, while process- and product-based feedback 
resulted in stronger performance gains overall (RQ4).

Importantly, this study offers novel methodological insight into how 
students engage with rubrics—an area that remains largely underex
plored. By combining two process data methods -eye-tracking and think- 
aloud protocols-it provides a more nuanced and multimodal account of 
students’ interactions with rubric features. This integration allowed us 
to identify consistencies (e.g., students’ prioritization of PL4 across 
modalities) as well as discrepancies (e.g., stronger predictive value of 
visual behavior compared to verbalized strategies), highlighting the 
value of using multiple data streams to understand the cognitive and 
behavioral processes involved in rubric use.

10.1. Rubric design

Our findings show that the design of a rubric -specifically, the order 
in which performance levels are presented-substantially influences how 
students read and use the rubric. Presenting the highest performance 
level (PL4) first consistently attracted the greatest amount of attention, 
both in terms of number of visits and fixation time. Moreover, reading 
PL4 was positively associated with task performance, while no such 
relationship was found for the other levels. These results suggest that 
placing PL4 first may enhance efficiency by directing students’ attention 
to the most informative performance level. This structural feature might 
reduce unnecessary processing demands, although we did not assess 
cognitive load directly in this study; this remains a plausible mechanism 
for future investigation. This alignment likely facilitates more efficient 
processing, as proposed by models of goal-directed attention (Friedman 
& Förster, 2001). Interestingly, although rubric design affected how 
students read the rubric, it did not produce direct effects on task per
formance. We interpret this as a boundary condition of the task de
mands: the impact of rubric structure may become more evident in more 
cognitively complex or less familiar academic tasks.

While there is extensive theoretical literature on rubric design (e.g., 
Arter & McTighe, 2000; Brookhart, 2013, 2018; Isaacson & Stacy, 2009; 
Mertler, 2001), empirical studies examining how specific design features 
influence rubric usability and effectiveness remain limited. Among the 
few exceptions, Humphry and Heldsinger (2014) demonstrated that 
rubric structure can create a “halo effect,” whereby judgments are 
skewed not by bias but by the layout itself, and that structural changes 
can mitigate this. Similarly, Papageorgiou et al. (2015) highlighted the 
trade-off between classification reliability and meaningful differentia
tion, recommending an optimal number of six performance levels to 
balance accuracy and usability. Both studies underscore the need for 
empirical evidence to guide the development of rubrics with both psy
chometric and pedagogical integrity.

Our study contributes to this limited empirical base by focusing on 
how students -rather than teachers or raters-engage with rubric struc
ture during task performance. In contrast to Winke and Lim’s (2015)
work with expert raters, our design was counterbalanced and focused on 
authentic student use. Moreover, our approach to adjusting fixation time 

by character count, rather than word count, provides a more precise 
metric of visual attention. Overall, our findings support the idea that 
structural features of rubrics shape user engagement (as predicted in 
H2), even if those effects do not always translate directly into improved 
performance.

These findings also align with longstanding recommendations in the 
rubric literature. Jonsson and Svingby (2007) emphasize the importance 
of clarity and usability in rubric design, while Brookhart (2018) high
lights the need to balance detail with simplicity to minimize cognitive 
overload. Our results offer empirical support to these theoretical posi
tions, showing how a seemingly minor design element—the order of 
performance levels—can measurably influence how students engage 
with rubrics.

10.2. Feedback effects: a key variable in rubric implementation

The type of feedback students received after their first written task 
influenced both their engagement with the rubric and their subsequent 
performance. Students who received rubric-based feedback showed a 
specific increase in gaze transitions between PL4 and the task, suggest
ing more deliberate cross-referencing of rubric expectations during the 
second task. This finding is consistent with the idea that rubric-based 
feedback can sharpen students’ attention to performance criteria and 
support more informed task execution. However, this effect did not 
generalize to other indicators of engagement: there were no differences 
in the number of visits to PL4 or time spent fixating on it across feedback 
conditions. Moreover, rubric-based feedback did not produce the 
strongest gains in task performance.

Instead, process-based and product-based feedback were the most 
effective in improving students’ scores on the second written task. This 
aligns with prior findings showing that detailed, process-oriented feed
back enhances learning outcomes more reliably than feedback focused 
solely on standards or evaluative language (Panadero et al., 2012; 
Wollenschläger et al., 2016). These results suggest that while 
rubric-based feedback may direct attention toward relevant features of 
performance, it may lack the scaffolding required for students to 
transform that awareness into action.

More broadly, the role of feedback in rubric implementation has 
been widely discussed from theoretical and practical perspectives (e.g., 
Andrade, 2005; Brookhart, 2018; Jones et al., 2017; Moskal, 2000; 
Panadero et al., 2012; Turley & Gallagher, 2008). However, there re
mains a clear need for empirical research that investigates how different 
types of feedback influence the way students engage with rubrics during 
actual task performance (Panadero et al., 2023). While studies have 
explored rubric use by teachers and raters with empirical rigor (e.g., 
Bresciani et al., 2009; Postmes et al., 2023), fewer have examined how 
feedback shapes rubric reading behavior among students—a gap this 
study begins to address.

In sum, our results indicate that feedback type is not only a powerful 
moderator of student outcomes but also shapes the nature of students’ 
engagement with the rubric itself. These findings contribute to a more 
nuanced understanding of rubric implementation, underscoring the 
need for feedback that is not only aligned with the rubric but also 
actionable from the learner’s perspective.

10.3. Triangulation of process data: convergences and divergences

A key contribution of this study lies in the integration of two process- 
tracing methods: eye-tracking and think-aloud protocols. This triangu
lation allowed us to capture complementary dimensions of student 
engagement with the rubric, revealing both consistencies and di
vergences in how students attended to, interpreted, and verbalized their 
interaction with performance criteria (e.g., Creswell & Plano-Clark, 
2018).

In several cases, eye-tracking and TAP data converged. For instance, 
both data sources indicated a strong focus on PL4 during initial rubric 
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reading, supporting the idea that students prioritize the highest perfor
mance level when orienting themselves to task expectations. However, 
in other instances, the two data streams diverged. Eye-tracking measures 
were more sensitive to experimental manipulations (e.g., rubric order, 
feedback type), whereas verbalizations did not consistently reflect these 
differences. Moreover, only gaze-based indicators -particularly transi
tions between PL4 and the task-predicted performance, suggesting that 
visual attention may be a more reliable proxy of goal-directed engage
ment than verbalized reasoning in time-constrained tasks (van Gog & 
Scheiter, 2010).

These findings reinforce the methodological value of combining 
multiple process measures in educational research. While verbal pro
tocols provide insights into explicit cognitive strategies (Ericsson & 
Simon, 1993), eye-tracking captures moment-by-moment attentional 
patterns that may reflect more automatic or unconscious aspects of 
learning behavior (Jarodzka et al., 2021). The use of both allowed us not 
only to validate our interpretations across modalities, but also to high
light when and how the modalities diverge—offering a more compre
hensive picture of how students engage with assessment tools such as 
rubrics.

10.4. Educational implications

This study offers several actionable insights for educators seeking to 
make rubrics more effective tools for learning. First, placing the highest 
performance level first may help students engage more efficiently with 
rubric criteria, especially in time-constrained settings. From an 
instructional perspective, this finding highlights the importance of 
aligning rubric design with students’ natural information-processing 
tendencies. By positioning goal-oriented information first, educators 
can support learners in quickly forming mental representations of what 
quality looks like, which may help them better plan, monitor, and 
evaluate their work. This design choice may also be particularly bene
ficial for students with lower self-regulatory skills or limited prior 
experience with assessment tools, as it reduces the need to scan the 
rubric in full to understand expectations, a hypothesis to be tested. In 
this sense, small adjustments to rubric layout can become low-cost, high- 
impact strategies to scaffold student autonomy and self-assessment.

Second, while rubrics are widely used as tools for both assessment 
and feedback, our findings suggest that their effectiveness is signifi
cantly enhanced when combined with individualized verbal feedback. 
Students in the control condition—who received only the rubric without 
any feedback—showed the weakest performance outcomes. Interest
ingly, students who received rubric-based feedback did show increased 
visual alignment between their rubric use and the task, suggesting 
deeper engagement. However, this engagement did not translate into 
the highest performance gains. In contrast, the process- and product- 
based feedback groups outperformed both the control and rubric- 
based conditions in terms of task performance. These results indicate 
that while rubrics help structure and clarify expectations, they are not 
sufficient on their own. For students to benefit fully, rubrics must be 
embedded within broader instructional strategies that include rich, 
tailored feedback to support students in bridging the gap between cur
rent and desired performance.

Finally, the differentiated effects observed across gaze behavior and 
verbal reports highlight the importance of teaching students not just 
what rubrics are but how to use them strategically. Simply providing a 
rubric does not guarantee its effective use. Instructional modeling -such 
as showing students how to interpret and apply rubric criteria during 
task execution-may help students internalize performance standards and 
engage with rubrics in a more purposeful and efficient way. Educators 
should consider integrating rubric training into classroom routines, 
particularly in courses where rubrics play a central evaluative role.

10.5. Limitations and future directions

This study involved a comprehensive multimodal data collection 
process, including eye-tracking, think-aloud protocols, self-report mea
sures, electrodermal activity, and task performance. In this paper, we 
focused on combining eye-tracking and verbal data to gain insight into 
students’ engagement with rubrics. While this integration strengthens 
the interpretive depth of the findings, triangulating process data in
troduces inference challenges. Eye-tracking captures implicit attentional 
behavior, while think-aloud protocols reflect explicit cognitive activity, 
two layers that do not always align. This complexity is intrinsic to 
multimodal process research and underscores the need for further 
development of analytical frameworks that allow for more integrated 
and theory-driven interpretations. Future studies should continue to 
refine methodological tools for aligning visual and verbal data streams, 
possibly using real-time synchronization or dynamic task-based coding 
systems.

Second, although think-aloud protocols offer a rich window into 
students’ cognitive processes, their concurrent use with eye-tracking 
may introduce interaction effects. Specifically, the act of verbalizing 
while completing a task could alter natural visual behavior, potentially 
adding extraneous ‘noise’ to the eye-tracking data. This interaction, not 
the ecological validity of verbal protocols per se, should be considered 
when interpreting gaze patterns. Future research could compare think- 
aloud and silent conditions to isolate such effects.

Third, limitations in sample characteristics and recruitment must be 
acknowledged. Our participants were undergraduate students recruited 
through convenience sampling, which may limit generalizability to 
other populations, such as younger learners or experienced pro
fessionals. Future research should replicate this design with more 
diverse samples and in more authentic classroom settings to examine the 
transferability of the findings.

Fourth, the analysis of TAPs was constrained by the low frequency of 
rubric-related verbalizations in certain phases, particularly Phase 4. This 
limited our ability to compare feedback conditions systematically using 
verbal data. Although we reported this transparently and avoided 
overinterpreting the results, future studies should consider redesigning 
the protocol to elicit more consistent verbal engagement in later phases, 
perhaps by adding targeted prompts or brief reflective questions during 
task transitions.

Fifth, some of the statistical analyses, particularly GLM interaction 
models, may have been underpowered. A priori power analyses showed 
that our design was not sufficiently powered to detect medium-sized 
interactions in a 2 × 2 × 4 between-subjects framework. Additionally, 
for the LMM analyses, power estimation remains complex due to the lack 
of openly available raw datasets with similar structures (Kumle et al., 
2021). We thus caution against overinterpreting null results and 
encourage future studies to draw on larger samples and shared datasets 
to estimate realistic effect sizes for similar process measures.

Lastly, the task used in this study -a descriptive landscape analysis- 
was relatively low in cognitive complexity. While this choice allowed 
us to control for prior knowledge and manage protocol consistency, it 
may have limited the observable impact of rubric design and feedback. 
Future research should extend these findings by examining rubric use in 
more cognitively demanding tasks, such as argumentative writing or 
complex problem-solving, where the value of performance-level scaf
folding may be more pronounced.

11. Conclusions

Rubrics are among the most widely used instructional tools across 
educational levels, yet how students engage with them in real time re
mains poorly understood. This study provides new evidence showing 
that even subtle design choices, such as the order in which performance 
levels are presented, can meaningfully shape students’ visual and 
cognitive engagement. Presenting the highest performance level first not 
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only attracted more attention but was also associated with better task 
outcomes, particularly when paired with feedback that guided students 
toward productive use of the rubric.

Our findings also emphasize that rubrics are most effective when 
embedded within supportive feedback practices. While rubric-based 
feedback increased students’ attention to performance criteria, pro
cess- and product-based feedback yielded stronger performance gains, 
underscoring the need for feedback that helps students understand how 
to act on evaluative information.

By combining eye-tracking and think-aloud protocols, this study 
contributes methodologically to the field of educational assessment, 
demonstrating the value of integrating multiple process-tracing methods 
to capture different layers of student engagement. These findings 
represent a first step in a broader research agenda aimed at refining both 
the design and implementation of rubrics to better support student 
learning.
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