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Abstract

School principals play a vital role in guiding schools and shaping teaching practices. While students and
teachers use various technologies for teaching and learning practices, the challenge remains in turning
raw data into actionable insights for decision-making. Although teachers receive support for their close
work with students, less attention is given to principals, who make higher-level decisions and allocate
resources. This thesis explores how data visualization tools can help principals gain insights to improve
students' reading skills, which have been considerably declining during the last decade, and especially
during the last few years.

The research examines how data visualizations can support principals in identifying students needing
reading assistance and tracking reading progress through a mixed-methods approach. Seven school
principals with varying levels of computer experience participated in the study, which involved
interacting with prototype visualizations across three rounds. Methods used include Think Aloud
protocols, A/B testing, and follow-up interviews. The findings show that well-designed data visualization
tools can help principals better identify students struggling with reading. The study highlights the
importance of iterative design in improving these tools and emphasizes the need for clear, informative
visualizations. Overall, effective data visualization enhances principals' decision-making, ultimately
supporting students' reading development.
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Sammanfattning

Rektorer spelar en avgoérande roll i att leda skolor och forma undervisningsmetoder. Nar elever och larare
anvander olika tekniker fér undervisning och larande, kvarstar utmaningen att omvandla radata till
handlingsbara insikter for beslutsfattande. Aven om larare far stdd for sitt nira arbete med elever, ges
mindre uppmarksamhet at rektorer, som fattar beslut pa hogre niva och férdelar resurser. Denna
avhandling undersoker hur datavisualiseringsverktyg kan hjalpa rektorer att fa insikter for att forbattra
elevernas lasférmaga, som har minskat avsevart under det senaste decenniet och sarskilt under de
senaste aren.

Rapporten undersoker hur datavisualiseringar kan stodja rektorer i att identifiera elever som behdver
lashjalp och spara deras lasutveckling genom en blandad metodansats. Sju rektorer med varierande
nivaer av datorvana deltog i studien, dar de interagerade med prototypsvisualiseringar i tre omgangar.
Metoderna inkluderade "Think Aloud"-protokoll, A/B-testning och uppféljningsintervjuer. Resultaten
visar att val utformade datavisualiseringsverktyg kan hjalpa rektorer att battre identifiera elever som har
svart med lasningen. Studien betonar vikten av iterativ design for att forbattra dessa verktyg och behovet
av tydliga, informativa visualiseringar. Sammanfattningsvis forbattrar effektiv datavisualisering
rektorernas beslutsfattande, vilket i slutandan stoder elevernas lasutveckling.

Nyckelord

Datavisualisering, UX-TAM-modell, Anvandbarhet, Skolledare, Beslutsfattande, Elevers lasning,
Anvandarupplevelse, K-12 utbildning.



Acknowledgments

| sincerely thank my supervisor, Olga Viberg for the guidance and support. | also appreciate the school
principals and the team at Lexplore AB for their participation and collaboration. Special thanks to my
examiner Olof Balter for the valuable feedback. Lastly, | acknowledge KTH for providing a supportive
academic environment.

Stockholm, 02-2025
Mohammed Qasim



Table of Contents

Y o1y 1 T OO PR OPRPRTPRPTPURRPP I
SAMMANTATENINEG .. .ieie et e ettt e e e et e e e et aee e ateeesetbeeeeasbaeeansaeaesssseeesnsbesasassaeasssaeesnns [}
F Yol g Lo NNV =T F=da V=T o YU SUPTRRROt v
TabIE OF CONLENTS ..ttt e st et et e e n e e s s sre e enreenns \Y
LISt OF Tab S ettt et a e st h e s he b b ea et a e ae e b e e she e sb e e bt ea bt et sh e e aeenean Vil
I Ao T TSRS VIl
INTRODUGCTION ...ttt sttt ettt sttt ettt e sre e sr e sa e b e st b e et e sr e e sa e e et s b smnesaee sreeaneenreenns 1
RESEAICH QUESTIONS......eiiiiee ettt sttt sttt se s bt et e e e e s eeeareeeaneeeaneesareesmreenas 2
BACKGROUND ...ttt sttt sttt st sr e s r e e e b e et st sh e et e n e e e sbn e s e e sabesaee sreeaneenneenne 2
Traditional methods of tracking students' reading ability .......c.cccovveiiiiiiniii e 3
Y [0 o 140 [F-2=Te I KT n [~ SRR 3
Formative Assessments of Students’ Reading SKills........ccvevvueeiiiiiiiinieie e 3

(0] T =Y V7 1n (0T a =1 N [=Te] o111 [0 1< TSP 4
Other methods for monitoring students’ reading ability.......cccoooueeeieciiiii e 4
Eye-tracking methods of monitoring students’ reading ability.......cccoccvvviiiiiiiiiiiire e 4
EYe-1racking tECHNOIOZY ... . e e e e e st e e e e e e et ae e e e e e nraaeeaeaan 4
[0 Lol RN Y o To T Y- Yol s VOO PPPT 5
Involvement in the Educational SETtING........ciiiiiiii i e 6
TaaToF=Tordo] oI Yol aTo Yol I =F=To [=T £ o TT'o AU UP 6
Learning Analytics and DashbOoards .........ocueeiiiiieriiiies s e s st e e e e e e e sanaee s 6
Data VISUBIIZATION .. ettt st et st se e st sr e et e et e e b et e b e s b e e e e e e ree s areesnreeeas 7
Data Visualization in EQUCAtional SETHNES .....ccccuveiiiiiiiicciie ettt ettt e ae et be e e rae s 7
THEORETICAL LENS ...ttt ettt e ettt e e e s et te e e e e s st ee s e s aaababeeeeeeeasnnbeeeeeesesaasraeeee e snneneeas 8
Theoretical Framework: UX-TAM ...ttt sttt ettt et st srt et e beesbesssestesabesatesreenseanseenes 8
Technology Acceptance MOl (TAM).....oo e ctie ettt rtte e e e e eabr e e e stae e e s bbe e e ebaeeestnteseensaaeas 9
User Experience (UX) DeSIgN PriNCIPIES ......vvieeiiiie ettt cctie e ette e estie e e ette e e eetva e e eteeeeanaeseeraeeenns 10
IMIETHOD . ...ttt ettt e e ettt e e e e ettt e e e s ettt e e e e s e aab e beeee e samseseeeeee s nneae e e eeaasabeeeeaeseansbbeeeeeaannrnneens 10
A A8 o LV B LTy 1= o PSPPI 10
[T n (ol o = ) £SO TP PPPPPPPPPPPPN 10
Data COllECHION ...ttt st s st s sr e s 11



[ I R L =T RV =3 A 11

Phase 2: Prototype DEVEIOPMENT .......ueiiiiei e et e e e e ae e e e e st raeee e e e nneeaeeas 11
PRASE 3: USEI TESTING weeeeeuvieiiciieeisieeiesite e ertteesst et e e saate e e s stte e e saeee s saateessssseeesssseeesansaeesnsseeesssseeesnnsaneannes 11
DAta ANIYSIS .eeieeeieiiiiiie ettt e et e e e e e eeeaba—aeae e e b raaaeaeeaaaraeaaeeeeataraeeeeaeeaarraeeeeeaannres 11

(O U] 1] =1 a LV ZR D oYY ol o] o TS ST 11
EValUuGtion GUIAEITNES. ...cveiiiiiiiiiiece ettt st e sre et e sr s 12
THINK AIOU PrOtOCON. .. .citiiiieie ettt sttt st sttt sae et be e esbeesbe e e e b sebenaes 13

A/B TESTING c.vveteeetieetee ettt ettt ette et e et e et e e bt e e teebe e beetbeeaeeebaeeaeabe e beeabeebeetbeaaeeebaeebeeebeeebeenteenteetbeaneanreas 13
Dashboard INterface DESiZN PrOCESS.......iiiiciiiiiiieiee it eiiee e stee st eeeite e sssteee s e sreeeessbeeessseesesnsaeeennne 13
RESU LTS ettt ettt ettt et e ettt e e e e e bttt ee e s sau bttt ee e e euab s b beee e e b ae b eeee e e e b beeeeeeea e eeeeeee et reeeeeeeennnrreeeas 13
PartiCipant DEMOGIAPNICS ...uvieiiiiiee ettt st e et ee e e et ee e e st ae s srabe e e e sbaee e s neaee s nreeeesrraeeanreeeennee 13
SUMMary Of INterVieW FINAINGS ....cvvii ettt e e e ere e et ae e e bte e e saar e e e eabaeaeebaeeeenrees 14
[£Eration 1 DEVEIOPMENT .....ueiiiiie et e e e e e e e e et ee e e essntaeeeeeesnsnsaeeesansnnnrneeeasennnnnns 15
SCROOITBVEL .. ettt et e sr e sre e 15
CIASS TBVEI ..t ettt et bt e s bt et e bt b et e sh e e Rt et e e beehbesab e be e bt e neeeareeas 17
INAIVIAUAT TEVEI .. ettt sb e sttt be b besbe e b e e bt e sbeesbe e e e s abesnbenaee 17
EValuation OFf IEEratioNn L....c..eciui ettt sttt st et bbbt e sbe e sb e e sbe e be st sree e eneeas 18
[£Eration 2 DEVEIOPMENT .....ueiieiii ettt e e e e e e e e et te e e e essntaeeeeessnsasaeeeeaesannreeeeasennnnnns 19
EValuation Of IEEratioNn 2.......cooiiiiiiiiiie e et e 19
[£Eration 3 DEVEIOPMENT .....ueiiiie e e e e et e e e e e et te e e e eessraeeeeeesnsnsaeeeeaesannrreeeeeennnnnns 22
EValuation OFf IEEration 3......co ettt sttt b et e b e b e e sb e s be e e st sre e e eneeas 22
DISCUSSION ...ttt ettt s sttt et sr e s he e bt s b e e st e se et e bt e s bt e bt e neeaneseesreeneesrees 25
A0 o AV 110 0T =Y o] o L3 TSP 27
ELhical CONSIAEIAtIONS ..couviiiieiiiiie it ettt e e s s e e enne e 27
MELNOD DISCUSSION....cveiiriiriieiiiie ettt sttt e st sr et e bt e bt e sr e e e e r e nesreeseesrees 27
FULUPE RESEAICH ..t st e e sre e s 28
A8 e LV A 0o T oY {1 o TV o ] o TSP UPP 28
CONCLUSION ...ttt sttt ettt st sttt e sttt s r ettt be e s et e st e b ea bt e et st e sme e sr e sre e e e s neennesnes 29
REFERENCES ... eeeieiieeite ettt sttt sttt sttt s s h e s h e s bt e e st be et esr e e sr e e sa e e b eare st sraeseennees 30
APPENDICES ...ttt ettt ettt e st st et e e e s h e r e bt et re e n s et e e e sreenneea 34
Appendix 1: Interview questions (translated to ENglish) .........coccieiiiiiiicciiecee e 34
Appendix 2: Participant DEMOZIaphiCs. ... .uiiiiiiii ettt e s e ree e srre e s sabbe e e e e e e e 34
Appendix 3: Questions and ResUIts for [TEration ..........cceeeccieeiiiiie ettt ee e e eie e e are e e rae e enes 35



Appendix 4: Questions and Results for Heration 2 ........cccvevieiiiieee e cie e svee e seee e 35
Appendix 5: Questions and Results for [TEration 3 ........cceeeviiiiiiiiecciiie ettt et e er e e eree e e erae e 35

Appendix 6: Overview on Lexplore’s current dashboard........ccccccveiviiiiiirieeeisee e 36

List of Tables

Table 1: Participants COMPULEr Nabits ........c.ccoiiiiiiiiiiie ettt er e e e ere e s ettae e e nres 34
Table 2: Questions and Results for iteration 1 ........ccueiecciiie e e eree e e re e e etrae e e eares 35
Table 3: Questions and Results for iteration 2 .......cccuueieieiii e 35
Table 4: Questions and Results for iteration 3 ........ccuei i e st e 35

Vil



List of
Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:

Figures

18 ) 1YY/ 45 To o 1= TSRS 9
Simplified School Overview Design (TESt A).....ccccueccieeiieeirie e eieeere e srae e e e se e reesare e eabeeenes 16
Simplified School Overview Design (TESt B).. ....cccueciieeiie ettt 16
Class Performance MONItOrNG VIEW.. ..c...uiiciiiieeciieeeectee e etteecete e e e sttte e e e tae e e sbeae e eareeeebaeseeraeae s 17
Student Performance Tracking in Individual VIEW..........c.ceoeiiieiiiciiiceee ettt 18
Evaluation summary of Prototype VErsion L.......ccccoccieiiiiviieiiiiie e ereesesiiteessree s sieee s svveeesssaeesnes 19
Modified school overview design from iteration 1......coccceeiiiiiii e 20
Modified class performance monitoring view from iteration 1........ccccccoeeeeiiieecciieee e 21
Modified student performance tracking in individual View from iteration 1. ..........ccccceeeinennes 21

Evaluation summary of prototype VEISION 2......ceceecieciiieeee et e cecctiree e e e e eecrtre e e e esarareee e e en 22
Final modification of SChoOl OVErview deSigN. ......ccccuviiiiviiiiiiiiie e 23
Final modification of class performance Monitoring VIEW. ........cocueeiriueeiiicieeicieee e eesieee e 24
Final modification of student performance tracking in individual View. .........ccccceeeiieeeccinenenns 24
Evaluation summary Of ProtOtyPe 3 ...ttt e e e bre e e e e e earabeaeeeeean 25
Shool overview of current dashboard.........ccccueeiiiiiiiiiiii e 36
Class overview of current dashboard.........ccocueeieiieiiiisiee e e 36
Student overview of current dashboard...........cocuueieciiii e e 37

Vil



INTRODUCTION

Reading skills are essential for students' academic success and active participation in society. However,
recent research results from PISA! and PIRLS?, has highlighted a significant decline in students' reading
abilities, particularly in Swedish schools [39]. These evaluations reveal a troubling downward trend in
students' reading performance. In line with educational principles that prioritize individualized support
and personalized learning, efforts should be made to address the issue of declining reading abilities.

Reading is the primary academic skill for instructional learning that is directly linked to knowledge
acquisition [32]. Several studies reveal that there is a positive correlation between learning to read at the
initial grade level and later literacy and learning experiences (e.g., [3]). Educational policies like Sweden’s
“Education for children and young people” [38], stress the need for young people to receive the
necessary education that will enable them to achieve the knowledge requirements that are needed to
position to get opportunities in the world. The heads of the school, the principals, are required to
facilitate the students and ensure they can perform to the best of their capability. One of the most
important capabilities is the development of student reading skills. To this end, however, school
principals still face difficulties in identifying students' weaknesses, particularly in reading skills. Even
though institutions have stepped up efforts to gather data regarding student performance, the task of
converting these into useful information remains challenging. Data visualization tools are normally
absent from the hands of principals and thus, they find it difficult to understand the data and thereby fail
in their ability to notice patterns, make changes where necessary, and put in place corrective measures
[50]. This can be particularly a setback in a bid to enhance student reading accomplishment since the
data cannot be interpreted optimally so, empowering school principals with better tools for data analysis
is important to help school leaders to make correct decisions on allocating resources and deciding
strategies for reading improvement of the students. The emphasis of this thesis is on how to enable
school principals to use enhanced data representations for monitoring and understanding trends in
students’ reading accomplishments over time.

Information visualization, the ability to represent information and data graphically, provides one of the
most effective approaches to help in decision-making [5]. For school principals, data visualizations might
help to shed light on certain trends or areas of difficulty as well as monitor performance.

These data visualizations have some core concepts that are essential to be understood: usability, design,
and evaluation within a digital work environment related to educational facilities. Usability is defined as
the ease with which the users of the tool or system can accomplish the set objectives. When it comes to
the application of data visualization, good design plays a vital role in delivering information that is easy
to understand and in the same manner useful. Evaluation refers to assessing the impact of these visual
tools on decision-making and the resulting outcomes for students

! Axelsson, M., Klingenstierna, C., Fredriksson, P., Sandqvist, J., Gustafsson, D., Wester, A., Auer, A., Sollerman, S., &
Bach, F. (2023). PISA 2022 15-dringars kunskaper i matematik, Idsforstdelse och naturvetenskap.

2 Fredriksson, P., Stenman, C., Skolverket, The International Association for the Evaluation of Educational
Achievement (IEA), Wiksten Folkeryd, J., Af Geijer-stam, A., Westman, M., Stenman, C., Wennerberg, U., Tegnér, C.,
Tallberg, C., Auer, A., & Wester, A. (2023). PIRLS 2021 Lasformagan hos svenska elever i arskurs 4 i ett internationellt
perspektiv



School leadership represented by principals constitutes a key component of education. They often have
to analyze information and make conclusions with potential impact on all members of the school
population. Leadership plays a crucial role in policy implementation and resource management and in
shaping the learning culture [33]. The government’s policy for education for young people [38] has put
principals under immense pressure to monitor all students’ reading abilities to ensure that their students
can learn properly. The problem, however, is that principals have to analyze and contend with large
volumes and a wide range of data types. Standardized outputs present data in tabular and graphical
formats, which may be cumbersome to study, thereby increasing the time required before the necessary
efforts such as intervention are instituted [34]. In addressing this concern, data visualizations can offer
well-researched, simple, and highly attractive forms of summarizing the data gathered [35]. This thesis
aims to enhance an existing dashboard by developing a data visualization prototype that empowers
school principals to capture low-performing students in terms of reading, monitor the progress of
students’ reading, facilitate the implementation of interventions, and thus consequently allow them to
provide proper decisions that will improve the students’ reading performances. The prototype will be
developed around the Lexplore platform, which is a modern web-based tool for improving students’
reading ability based on the application of artificial intelligence and eye-tracking technologies [14]. The
main tool for designing and improving the prototype will be Figma. To ensure its usability and
effectiveness in an educational setting, the prototype's development will be evaluated through the UX
Technology Acceptance Model (TAM). The Technology Acceptance Model (TAM) is a theoretical
framework that evaluates how people interact and accept technology, especially in terms of perceived
usefulness and ease of use. The study uses this model to examine how successfully principals will be
using the prototype.

Research Questions

1. What challenges do school principals encounter when trying to identify students with poor
reading ability?

2. How can existing technology be improved to better support principals in their decision-making
process?

3. What is the perceived usability of data visualization tools by school principals, according to the
UX-TAM evaluation model?

BACKGROUND

A child’s ability to read at a proficient level is critical in school and crucial for their academic achievement
[2]. Despite the significance of reading competence in the completion of primary school education, most
education systems worldwide, including Sweden, experience difficulty in ensuring that all students read
at adequate levels by the end of primary education [6]. Various instructional approaches such as
standardized tests [9] and formative assessments of student’s reading ability [11], used to monitor
students’ reading skills have not always produced desirable progress on student’s needed reading levels
[7]. These approaches will be discussed in detail below.



For school principals to develop strategies that would effectively increase students’ reading proficiency, it
is crucial to pay attention to the sustainable development goals in the 2030 Agenda [36]. Sustainable
Development Goal number 4 has emphasized on the need to solve several existing policy issues within
an educational context to promote sustainability and human-centered development. Knowledge about
the SDGs is vital for school leaders as they have to address the challenges of developing Education
Quality assurance for imparting reading literacy and sufficient reading skills among learners [36].

Traditional methods of tracking students' reading ability

Standardized Testing

Standardized tests are academic exams that are aimed at evaluating the students in a standard way.
These tests are given and marked identically across all potential test takers irrespective of their location
or background. Standardized testing is intended to provide equitable and objective assessment and thus
provides educators, policymakers, and institutions with a basis for the comparison of results.
Standardized testing is common in education delivery systems and serves as a comprehensive measure
of the efficiency of student reading abilities across different populations, and education settings.
Nevertheless, these tests are also helpful in generating benchmark scores, which, suffer from a number
of critical drawbacks that prevent them from being truly effective instruments for improving reading
abilities [9].

First, due to the infrequent administration of tests, including standardized ones, which are often
conducted once or twice a year, principals do not have continuous access to relevant information about
the students’ learning progress. This temporal gap, caused by the infrequent testing, raises a concern
because it hinders principals from making continuous changes in the teaching activities of their schools,
based on the current performance of the students [10]. Therefore, the principal could be overwhelmed
with outdated information and may not be able to respond to these emerging problems in a timely
manner.

Secondly, these assessments often focus on only a limited set of reading skills, such as vocabulary or
comprehension, and overlook other critical areas like analytical and interpretive skills, thus failing to
foster a well-rounded, engaging reading culture in students. This leads to a skewed and narrow method
that stresses on specific areas of knowledge rather than different reading skills thereby preventing
students from attaining real reading skills for tests and otherwise. Of course, the practice of prioritizing
vocabulary memorization could breed sheer rote learning and cramming that often downplays
competencies in analytic and interpretative reading that can lead to steady improvement in reading [9].

Formative Assessments of Students’ Reading Skills

Common formative assessments are helpful in determining the current learning needs of students
during learning activities but are insufficient in order to include a long-term vision of students’ learning
[11]. Some of these formative assessment techniques that can be used include quizzes, reading logs, or
observations from the teacher. The main benefit of such techniques is that it is an ongoing assessment of
students’ performance. This makes it possible for instructors to apply changes influenced by current
data, which in theory should improve students’ learning performance [11].

Nonetheless, even though formative assessments ought to be effective, there are several factors that still
hold it back. The following are some of those factors, delivering and undertaking these assessments can



differ significantly from one classroom to another, creating dissimilarities in data that do not evenly
portray students’ reading capacities [12]. This variability can diminish the usefulness of formative
assessments. Furthermore, since these evaluations are performed based on the specific culture of
various schools, there are possible biases that are inherent in the data collected [11]. These
shortcomings suggest that a more standardized approach, reducing variability and biases, could better
assess students' reading abilities.

Observational Techniques

Qualitative information about students’ reading behaviors and progress may be acquired through
observations from the teacher’s checklists or students’ recording of their reading in reading logs while
standardized and formative assessments might not capture such information. These can offer more
refined measurements of reading, including the level of the students’ interest and the frequency with
which they read, which allow for a better, more contextual view of students’ reading [13].

Nonetheless, observational techniques also experience issues that hinder it from being a proper reading
assessment method. The manner in which the principals will interpret the observation data may be
significantly influenced by the state of the mind of the teacher who made the observations while
collecting the data. This leads to inconsistency and unreliability [11]. Also, there is burden on teachers to
carefully document and interpret the reading behaviors of their students, so as to ensure that the data
they present to their principal is accurate. This burden, may reduce the learners instructional time
because the teachers may start spending too much time in ensuring the quality of the data they collect.

Another issue that derails efforts in studying and monitoring the progress in the student’s reading
process is the inconsistency in the paperwork that is used in documenting and assessing observations.
When there are no clear guidelines for observation and the ensuing data analysis, the resulting
information may not have a logical flow and cannot be utilized for the design of the focused intervention
strategies [11].

Other methods for monitoring students’ reading ability

The prevailing approach in assessing reading abilities has traditionally relied on standardized methods.
However, when it comes to monitoring reading practices, various specialized technologies have been
increasingly utilized to gain deeper insights into students' reading skills. Examples of such technologies
include the Dynamic Indicators of Basic Early Literacy Skills (DIBELS), which provides rapid assessments
of essential literacy components, and the Wechsler Individual Achievement Test, Second Edition (WIAT-
1), which offers a comprehensive evaluation of individual academic performance, including reading [40].
More recently, advancements in eye-tracking technology have demonstrated even greater accuracy in
capturing detailed data on reading behaviors, offering educators and researchers a more precise tool for
understanding and improving student reading outcomes.

Eye-tracking methods of monitoring students’ reading ability

Eye-tracking technology

Eye-tracking technology has the potential to identify students with reading problems at a very early
stage to enable intervention. For example, if the child is demonstrated to spend more time on certain
words than he should, or if he is shown to read in a way that indicates that he rarely goes back to



previous words, he may require special attention from an educator or clinician [14]. It also improves the
ability of educators and clinicians to effectively address students' reading difficulties.

The use of eye-tracking devices is a way of assessing the reading capacity of the individual; it has been
found to be more effective than conventional stylometric analysis. The stylometric analysis involves the
identification of patterns in written works to help with proper reading [15]. Lexplore® is a company that
has implemented eye-tracking technology in educational environments, particularly in collaboration with
schools to collect data on students' reading abilities and other related metrics. It has incorporated the
opportunities of eye-tracking into educational environment [46].

Analysis of students’ eye movements, Lexplore can provide detailed data on the student’s reading skills,
allowing to identify problem areas. In particular, it records several eye movement characteristics like
fixation duration, length of saccade, and regression frequency for comparisons of reading practices at
different age and skills levels. Research by Standberg and his peers indicates that as children learn to
read, they gradually spend less time fixating on individual words and more time moving from one word
to the next [15]. This shift suggests that with increased exposure and practice, children develop greater
fluency and efficiency in reading. For instance, eye-tracking technology can be utilized to differentiate
reading habits across different age groups, providing valuable insights into reading development.

One of the major strengths that this technology may probably have is the ability to conduct experiments
in classroom environments. This is because it is non-intrusive and does its monitoring in the background.
In addition to this it also allows the diagnosing of common practical reading difficulties faced by students
under real-life conditions, in controlled laboratory environment [15].

For school leaders, eye-tracking technology is most encouraging. It gives principals data for assessing
students’ reading processes and skills, and where the student is struggling specifically. This provides
interventions that could cause a positive reading development [15]. A good example is [37], where eye
tracking provided insight to the students who were mostly distracted while reading and who could not
concentrate for long periods, thus enabling the implementation of targeted support for those students
such as incorporation of visual aids.

Lexplore's Approach

The assessment method of Lexplore is based Al technology that interprets the eye-tracking data. In an
assessment, students view a series of texts — brief passages on a computer screen and the students’ eye
movements are recorded. This data is then used to assess other features of their reading capability:
reading speed, cumulative reading, and reading comprehension. Since Al can analyze data at a very fast
rate, the tool is efficient in giving the educators real time feedback [47]. However, while Al offers
valuable insights, it is essential that its conclusions are continuously validated against traditional
assessment methods to ensure accuracy and reliability. Cross-referencing the Al's findings with teacher
observations and other diagnostic tools helps confirm that the diagnoses made are correct.

The main selling point of Lexplore is that it is capable of diagnosing complications in reading before other
methods can observe them [15]. This can help in assisting the students to adopt the right reading habits

3 Lexplore - Lasutveckling med Al. Retrieved from https://lexplore.com/sv-se/




when they are still young [46]. Also, the use of data visualization could potentially make it easier for
principals and school leaders who have little time to try and interpret the data and make doable actions.

Involvement in the Educational setting

Lexplore works with a broad network of schools, mainly in Sweden but also in other countries. And since
the platform is especially useful for early intervention, schools with high stakes for learning difficulties
are more likely to work with them [46].

The network of schools that Lexplore operates with can share effective teaching methods and learn from
each other collectively. These schools use the same assessment and data visualization tools and
therefore, they can benchmark their results with other institutions in the network. This makes the
involvement of the schools to be cooperative so that they can share lessons learnt and the most
successful practices [48]. For example, a school that has demonstrated that Lexplore data can help with
interventions in reading might describe how they have done that, in order to support improvement
amongst the network. This improves collaboration within the network.

In addition, Lexplore works in partnership with schools and also provide training and help to teachers
and principals. The schools in the network get trained to utilize the Lexplore platform most efficiently,
ensuring they are positioned to help their learners. This includes guidance on interpreting data from the
current dashboards, which present an overview of student performance (see Appendix 6, Figures 15, 16,
and 17). These dashboards offer visualizations of students grouped into categories like low, average, and
high performers, enabling schools to track and monitor progress.

Impact on School Leadership

For school principals, using Lexplore can be one of the most productive forms of work [46]. The
visualization of progress feature in the platform enables the principals to monitor the reading levels of
schools, classes, and students in general, and allows them to draw the attention of relevant stakeholders
to the specific areas that require more allocation of resources and early intervention [48]. Furthermore,
working within the Lexplore network allows the principals to respond to the challenges related to
monitoring reading levels and providing necessary support to students as part of a larger community of
schools that are tackling similar objectives thus benefitting from collaboration [46].

Learning Analytics and Dashboards

Learning dashboards intend to assist school staff in their practice and work in schools [16]. These
dashboards enable principals to track different sorts of learning undertakings which include; online
learning, K-12 teaching and learning environments, collaboration learning, and adaptive learning.
Learning Analytics (LA) simply refers to the process of collecting, analyzing and interpreting data related
to student’s learning. However, these dashboards frequently still face challenges: The dashboards may
not be very reliable or easy to use, this may make it difficult for the teachers to make correct assessment
of the student’s reading progress. Some dashboards are developed to focus on a specific area of
functionality and may need a certain level of expertise to operate, and thus, the layout of the
dashboards often neglects the principals’ instructional requirements [16].

LA research shows that even as LA dashboards seek to be effective, the application calls for



enhancement of the principal’s computer literacy and data literacy, as they need to understand the data
to interpret it correctly. Lack of data literacy among principals may result in incorrect conclusions in the
analysis with consequences for learners. Though the impact of computer literacy with regard to the use
of dashboards has not been researched, it is clear that the visualization aptitude —a facet of data
aptitude is necessary for the principals to properly engage with LA dashboards [16].

Literature has described instances when teachers have experienced difficulties to use LA dashboards to
inform decisions [16]. The usability of these dashboards often depends on how versed the user is with all
the intricacies of the dashboard. At the same time, it remains to be a common practice that teachers
face challenges in the understanding and application of the collected data [17]. To address these issues,
research suggests two main strategies: increasing teacher’s data proficiency as well as optimizing the
content of the dashboards to explicate them in better ways [16].

Data visualization

The field of data visualization has come a long way in the last few years primarily due to the refinement
of computational tools and data availability. The following attributes have been fueled by open data
movement, large collection of data by internet firms and social media. These have made data available
and created new possibilities to bring life to the figures and statistics [18].

In fact, data visualization has always been instrumental in the presentation of facts and the analysis of
events together with the facilitation of decision-making. Some of the early examples are as effective as
the Florence Nightingale chart on shown mortality rate of British Army in Crimean War and John Snow
map of cholera cases in London. Such early slashes successfully communicated information in a way that
could be easily understood and similarly allowed for an effective extraction of conclusions from the
retrieved data [18].

Data Visualization in Educational Settings

Within the modern processes of education, data visualization has appeared as a significant approach
that allows not only to analyze but also to create new methods of data interpretation. In its essence,
data visualization involves turning numbers into graphical representations like charts, graphs, and even
an interactive dashboard and has the likelihood to impact favorably different areas of the educational
practices [20].

The major beneficiaries of the concept of using data visualization in the education sector are the
teachers, learners, parents and the school leaders. The core group of consumers of these instruments is
teachers and professors who use them to monitor results of their students and modify their approaches
consequently. To the benefit of each student, visuals provide self-evaluation and personal progress
check, control of one’s learning. Parents benefit from the enhanced ways through which they can
communicate with schools, and hence they get to know how their child is performing academically.
School administrators employ data visualizations to learn about the general performance of the school,
plan tactical and budgetary procedures [20].

Of all the applied communication tasks in education, data visualization can be considered most effective
in making the data digestible. Thus, visual tools are perhaps the most helpful to educators, as they give
the overview of the students’ performance immediately and allow to make deductions that otherwise



may go unnoticed [21]. For example, the graphical representation of activities related to reading
contributes to the understanding of how students’ skills evolve throughout the year and thus, reveals
potential learning difficulties. This immediacy in being able to understand this results in more timely and
accurate instructional intervention [22].

In addition, learning with data visualization can be benefiting to the student due to the individual
learning since it lays out a detailed explanation of how the particular student is performing. For instance,
dynamic data read rate, comprehension, and interest level dials to assist teachers in identifying learners’
needs in the course. Such an approach of study makes learning more effective and improves students’
performance since particular learning needs are met [20].

Visual aids also facilitate interaction with the teachers, students, and other stakeholders in the kid’s life.
Lecturers also get to make better and far more comprehensible discussions about a student’s
performance by virtue of the interactive reports and visual summaries. For instance, parents can quickly
understand their child’s performance and work hand in hand with the teachers of the youngster. It also
opens a way to enhance the efficiency of the relationships between the schools and families which
results in the further development of the students [22].

However, the implementation of data visualization in education is not without its issues, as this thesis
aims to illustrate. Among them, there is one concern which is related to the quality and the
comparability of the used data in the context of the visualizations. Hence, qualitative data have the
potential of yielding poor visual image representations that can be followed by wrong decisions,
strategies and measures. Furthermore, the syntheses of the data resulting from diverse sources including
standardized tests, formative assessments, and observation data poses a great challenge because of the
need to have sound procedures and reliable systems that can support such integration. Another conflict
is the training and expertise that will be required to make these systems work from the store’s side. One
of the purposes of data visualization tools is to enable the teacher or administrator to interpret the data
visually thus the importance of acquiring skills that enable one to decode the graphic data. Therefore,
the utilization of these tools will not translate into the desired outcomes if the trainers are not well-
trained [23]. Another implication is the need to undertake professional development programs that will
enable stakeholders to use data visualizations to enhance their practices [23].

The student’s information should be protected to avoid unfavorable events such as theft, and for that
reason, certain privacy and security measures should be taken [22]. Schools are required to use proper
measures to address the security of student’s information while applying visualization.

Moreover, despite the role of simplification of data interpretation, there is somewhat an issue of over-
simplification with visualizations. This means that, complex data can be easily misrepresented if the
overlying visualizations are not well planned, which leads to various misjudgments. The data needs to be
accurate, meaningful and as such the risk of misinterpretation has to be managed via clear labeling,
contextual information, and explanatory notes [23].

THEORETICAL LENS

Theoretical Framework: UX-TAM
The User-Experience-Technology-Acceptance-Model (UX-TAM) is an integrative theoretical framework
where TAM was combined with the practice of UX design [24]. This combination is particularly important
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in the learning environment where technology instruments shall be both efficient and easy to use. With
the help of UX-TAM, we can look at school principals and how they engage with chosen data visualization
technologies aimed at increasing students’ reading fluency comprehensively, emphasizing both their
technology acceptance and user experience. Below is an illustration of the model. For the purpose of this
study we will focus on Perceived usefulness, Perceived Ease of use, Usability, Design quality and User
Satisfaction.
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Figure 1: UX-TAM model 4

Technology Acceptance Model (TAM)

Technology Acceptance Model (TAM) is one of the most widely recognized models that describe the
process through which a user accepts a technology. Developed by Davis in 1989 [25], TAM posits that
two primary factors influence technology adoption: The technology adoption model consists of two
factors: perceived usefulness (U) and perceived ease of use (EU).

e Perceived Usefulness (U)

This is defined as the extent to which a person feels that applying a certain system would help him or
her to perform a certain job better. In the case of school principals, Perceived Usefulness would
correspond to how much they think this array of data visualization tools can assist them in properly
supervising how students mitigate their weaknesses in reading [26].

4 Mlekus, L., Bentler, D., Paruzel, A., Kato-Beiderwieden, A., & Maier, G. W. (2020). How to raise technology
acceptance: user experience characteristics as technology-inherent determinants. Gruppe Interaktion Organisation
Zeitschrift Fiir Angewandte Organisationspsychologie (GI10), 51(3), 273-283. https://doi.org/10.1007/s11612-020-
00529-7




e Perceived Ease of Use (EU)

Known as perceived ease of use, this is the extent to which a person considers the use of a system to
be trouble-free. Concerning EU from school principals’ perspective, it encompasses the simplicity
through which they can understand and apply the data visualization tools without facing a lot of
difficulty and or time consumption [26].

User Experience (UX) Design Principles

User Experience (UX) design is defined as the process of understanding user needs and then increasing
the user’s level of satisfaction with the product and the experience of usage [27]. The UX component
introduces several additional dimensions to TAM:

e Usability

This comprises the extent, speed, and level of satisfaction with which users accomplish their tasks.
High usability implies that the school principals are able to attain the objectives with the data
visualization tools without much difficulty. It also contains features like easily learnable, how often
errors are made, and subjective satisfaction [28].

e Design/Output Quality

Design quality can be defined as the ergonomics and appearance of the tools both outside as well as
inside. It encompasses how the visual looks like, its design, choice of color and even the logical
manner used in presenting information. Consequently, judges and criterion definitions pointed out
the importance of a high design quality of both data visualization tools and created visuals which
provides two guarantees: the visuals are pleasing to the eyes and the content they portray is
comprehensible and actionable [29].

e User Satisfaction

Overall, U and EU are elements of user satisfaction but in addition the user satisfaction measure
encompasses the emotional aspect as well as the overall level of contentment with the tool. It
constitutes the user’s overall judgment of the interaction with the given technology [28].

METHOD

Study Design

Lexplore is a web-based tool for improving students’ literacy based on the application of artificial
intelligence and eye-tracking technologies. Using objective values, Lexplore assists in evaluating reading
skills and defining learning difficulties of learners. It provides results of the reading speed, accuracy, and
study the levels of comprehension that is facilitated by use of graphical displays in order to ensure that it
is comprehensible to teachers, the school administrators and the parents.

Participants

The participants in this study were school principals who actively used the Lexplore platform. Seven
principals were selected based on their computer proficiency, the frequency of Lexplore platform usage
and their participation in data-driven decision-making in educational environments. During the initial
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interviews, participants provided information about their computer proficiency and how frequently they
used the Lexplore platform. This information was used to assess whether the participants selected for
the study were familiar with the Lexplore platform and comfortable using technology. The selection
process was conducted by me, using a list of potential participants provided by Lexplore.

The study began with online interviews involving all seven principals. Of these, five returned to
participate in the subsequent user testing phase, while two additional principals, who had not
participated in the initial interviews, joined the testing phase.

Data Collection

This research makes use of both quantitative and qualitative research methodologies to ensure that the
study collects and analyses both numerical and non-numerical data that can help capture the different
ways in which data visualization tools can support school principals in the monitoring and the
improvement of students’ reading ability. The study is based on the user experience technology
acceptance model adapted for the present research to the context of an educational setting.

Phase 1: Interviews

The first phase involved conducting online interviews using Microsoft Teams, lasting between 30 and 40
minutes. The goal of these interviews was to gather insights into the principals’ experiences using the
current Lexplore platform and their perspectives on how it supported data-driven decision-making. The
interviews were conducted using a predetermined set of closed-ended and open-ended questions, the
answers were transcribed manually and analyzed using website called miro-board to find important
themes. A list of the questions that were asked has been translated to English and can be found in
Appendix 1. The insights gained from these interviews influenced the development of the prototype.

Phase 2: Prototype Development

Following the interviews, a prototype of the data visualization dashboard was developed. Based on the
feedback received during the interview phase, a prototype was created using Figma, with the aim of
improving the current user interface and making the data more accessible to school principals.

Phase 3: User Testing

Once the prototype was developed, user testing was conducted with seven participants (five of whom
had participated in the interviews and two new participants). The prototype's usability was evaluated
through three testing sessions, each lasting between 40 and 45 minutes.

Data Analysis

Qualitative Descriptors

The labels employed included clear, uncertain, and not clear to group participants’ knowledge and
competency on how and when to accomplish the given tasks using the visualizations while particularly
paying attention to the quality of data acquired from the techniques. These descriptors were defined as
follows:

e Clear - Participants could accurately and confidently interpret the data visualizations.

e Uncertain - Participants expressed some hesitation or required additional clarification to
understand the visualizations.
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e Not Clear - Participants could not interpret the visualizations and exhibited significant confusion.

The responses from the participants were documented and grouped according to the above descriptors
over three rounds of the study. Reviewing the results, a growing pattern of improved distinctiveness and
reduced ambiguity and misunderstanding was noted. The observational data gathered from the testing
sessions was then evaluated based on the given qualitive criteria as shown below.

Perceived Usefulness (PU)

Perceived Usefulness was defined as the extent to which users felt that using the data visualization tool
improved their efficiency in their job by providing insight into students’ reading capability. The measure
of PU was based on participants’ rates of recognizing students who required extra help; students’
improvement patterns over time; and the application of data in the decision-making process.

Perceived Ease of Use (PEOU)

Perceived usefulness was defined as the extent to which school principals considered the data
visualization tool effective and easy to utilize. PEOU was assessed based on the participants’ ability to
accomplish tasks with ease and without unnecessary confusion.

Usability (U)

Usability included the ability to achieve goals, the time to achieve the goal, and the perceived
satisfaction. To assess the monitor’s effectiveness in using the proposed model, the specific measures of
accuracy, speed, and minimal effort for the five generic tasks were adopted, while satisfaction was
evaluated based on participants’ feedback on the model.

It is evident that the main aspects related to usability improved with the successive iterations of the tool.

Design Quality (DQ)

Design Quality is related to aspects of the real-time aesthetic appearance of the visualizations, efficiency
of information flow, and consistency of the layout of the user interface. DQ was evaluated based on how
effectively the visual and functional requirements of the tool facilitated users’ tasks.

User Satisfaction (US)

User Satisfaction assessed users’ satisfaction with the tool in the functional and perceived manner as
well as the emotional and subjective factors based on PU, PEOU, U, and DQ.

Evaluation Guidelines

Based on the aforementioned context of the data visualization prototype, the assessment of the
prototype was conducted by adopting the UX-TAM model. The evaluation utilized three distinct
protocols: Think Aloud, A/B testing, and a follow-up interview. These protocols are designed to offer a
detailed analysis of the needs and actions of the users as well as the complete picture of the usage
process. The evaluation focused on three key views within the Lexplore platform:

e School View: Provides an overview of student literacy performance at the school level, helping
principals identify trends across different groups.
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e Class View: Focuses on literacy data within a specific class, allowing principals to analyze student
performance, spot patterns, and tailor interventions accordingly.

¢ Individual View: Displays detailed insights into a single student's reading progress, offering
principals a deeper understanding of individual strengths and areas for improvement.

Think Aloud Protocol

The first protocol to be implemented into the study is the Think Aloud which is aimed at observing users’
cognition, decisions as well as interaction with the interface. Subjects were enlightened on the purpose
of the evaluation and the Think Aloud methodologies. They were expected to express their views on the
prototype as they used it and at the same time explain what they were thinking, how they felt, and what
they did. Their articulation of these issues, helped in finding usability problems and evaluating Perceived
Ease of Use and Perceived Usefulness, thus determining how principals may use the tool. This think-
aloud approach is suitable as it avoids hindering their thinking process hence providing genuine
feedback.

A/B Testing

The second process is the A/B testing protocol, another approach aimed at determining the user’s
preference for one over the other of two contrasting visual designs. This method compared Design
Quality and User Satisfaction by briefing the participants with two different interfaces and collecting
quantitative data that determines the nature of the improvement of the interface. It’s important to note
that A/B testing was conducted exclusively for the School View Visualization. Feedback from the initial
interview revealed that many principals had trouble understanding the School View Visualization offered
by the current platform. To find out which design better suited the needs of the principals, two
prototypes were made instead. This protocol will also identify aspects of the dashboard that are visually
and functionally appealing from the users’ standpoint and hence improve Perceived Usefulness.

Dashboard Interface Design Process

The evaluation focused on three key dashboard interface views: they are the School Level View, Class
Level View, and Individual Level. Each view was examined via proposed activities and corresponding
questions based on the UX-TAM framework. The design of the data visualization tool followed an
iterative process. After each round of testing, the tool was refined based on participant feedback.

RESULTS

The project began with a series of interviews to evaluate the current interface. Based on these
interviews, participants expressed a need for clear and intuitive visualizations that effectively
communicate student performance data. Many principals emphasized the importance of customizing
these visualizations to better suit their specific needs and contexts.

Participant Demographics

The study involved participants with varying levels of computer literacy. Three of the participants ranked
themselves as high on computer usage, while 2 ranked themselves as moderate and the final 2 ranked
themselves low on computer usage. The table representing their varied usage habits can be found in
Appendix 2, Table 2: Participants' computer habits.
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Summary Of Interview Findings

The interviews conducted with five school principals provided valuable insights into their experiences
and needs related to data visualization tools. Below is a synthesized summary of their responses to each
interview question:

1. Canyou describe your role as a school principal and what your daily tasks look like?

o Principals highlighted their roles as multifaceted, encompassing resource allocation,
strategy planning, and monitoring student performance. Their daily tasks often involved
analyzing data to identify areas needing intervention and coordinating with teachers and
parents to address these challenges.

2. How often do you use any analysis or visualization tools like Excel or Tableau to make sense of
data in your work?

o Various analysis tools were used by the principals. Some principals used Excel
occasionally but found it limited in addressing their needs, such as identifying patterns in
student reading performance. Tableau and other more sophisticated tools were rarely
used because of their complexity and lack of adaptability to educational environments.

3. How would you describe your computer habits?

o Computer proficiency levels among participants varied. Two described their proficiency
as moderate, two as low, and three as high. Those with greater expertise felt more at
ease experimenting with digital tools.

4. How often do you use the existing platform, and for what specific purposes do you use it?

o Usage frequency differed among principals. Some only utilized the platform during
designated reporting periods, while others used it frequently to track students' reading
proficiency. Typical applications included monitoring development, recognizing the
students who needed help, and creating meeting reports.

5. Which aspects of the current platform do you find most helpful when assessing students'
reading abilities?

o Participants appreciated the platform's ability to track reading progress and identify low-
performing students. However, many noted that the visualizations lacked clarity and
were not always actionable.

6. Which scoring system do you use most to determine a student's reading ability—stanine
scores or Lexplore scores?

o Preferences varied between the two scoring systems. Some participants favored stanine
scores for their familiarity, while others preferred Lexplore scores for their detailed
insights. Flexibility to use either scoring system was highlighted as essential.

7. How do you assess whether a student’s decoding needs more work or if it’s their
comprehension that requires attention?
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o Inorder to differentiate between understanding and decoding difficulties, principals
relied on their knowledge and observations from teachers. They did, however, state that
the platform needed more precise diagnostic features to support this evaluation.

8. Are there any challenges or frustrations you encounter when using the platform in its current
state? Is there any visualization you find misleading?

o Limited filtering options, confusing navigation, and poor data representation were
common frustrations. Certain representations were seen to be misleading and required
more work to properly interpret.

9. How do you use filtering on the platform to quickly locate specific information?

o Participants emphasized the importance of efficient filtering to quickly locate specific
data, such as decoding versus comprehension scores.

10. Would you like to see the progress over time for a class presented in the results?

o The idea of showing students' and courses' development over time was embraced by all.
According to the participants, this tool would offer insightful information for monitoring
advancements and making data-driven choices.

11. Is the portal used during development meetings with parents, where they can see the
student's progress over time?

o The platform was frequently used during parent meetings to display student progress.
However, principals stressed the need for user-friendly visual snapshots that clearly
communicate key metrics to parents and other stakeholders.

12. Are there specific areas for improvement that you would like to highlight?

o Suggestions for improvement included simplifying the platform layout, enhancing the
clarity of visualizations, adding interactive features, and incorporating diagnostic tools to
better identify and address specific student needs. Additionally, principals suggested
using comparison benchmarks to put student performance in context.

lteration 1 Development

The first iteration of the prototype was designed to address school principals' needs for monitoring
student and class performance. It included three main views: the School Overview, the Class View, and
the Individual View. These views were created to provide both macro-level insights and detailed analysis
to support decision-making. A/B testing was conducted to evaluate the School Overview only. The goal
of A/B testing was to assess which design offered better clarity and ease of use for the intended tasks.

School level

Test A presented the school overview in a more complex design see (Figure 2), which was designed to
track trends across classes or school years. Test A featured a line graph combined with shaded areas to
indicate performance indicators over time. Test B, on the other hand, used stacked area charts with clear
colour coding aiming to enhance clarity and reduce cognitive load, see (Figure 3).
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Figure 2: Simplified School Overview Design (Test A). The visualization displays the reading proficiency of different classes. The
turquoise-colored curve represents a normal distribution of the average class scores across Sweden. The black line indicates the
performance of a specific class in relation to the background normal distribution. Each black dot along the line represents a
specific point in time when the class's score was measured. On the far right of the graph, there are boxes labeled with the grade
levels. These boxes indicate which grade the data represents and whether the trend is upward or downward. Green signifies an
upward trend, red indicates a downward trend, and gray represents no significant upward or downward trend.
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Figure 3: Simplified School Overview Design (Test B). The visualization illustrates the reading proficiency levels of different
classes. Each color in the visualization represents a specific proficiency level, ranging from red for "low" to dark blue for "high”.
The amplitude of the color’s changes over time, reflecting the natural progression of reading ability, which typically improves
continuously in school settings as students advance through their education. This means that while higher proficiency levels
(represented by darker colors) show improvement over time, the lower proficiency groups (represented by red) also experience
growth, as all categories—Ilow to high—progress over time. Users can scroll through all grade levels to explore the data. In the
visualization, a single black dot without a connecting line indicates that the class's data was measured only once.
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Class level

The Class View further isolated a particular class within the school (see, Figure 4). Here principals could
monitor how a given class was ranking and compare various students within the class to identify the
ones that require targeted support. The view also gave insight into how the performance of the class was
changing over time. Historical data comparisons were one of the biggest features added to the
prototype, where users compare the current performance with previous years or terms.
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Latest test 9/25/2023 Number of students. 20 Students with resdlts. 20 (1003) A
All Need support
[ J
Amount 808
-] ]
® Low 1 ® 0
® Below average 2 00 °
® Average 4
@® Above average 2 =
&
® High 1 (]
Students with results 10 Q

Students 23/24

Reading
comprehension

Name Previous results  Latest result Lexplore score Stanine Test date

Figure 4: Class Performance Monitoring View. The central part of the visualization resembles a scatter plot displaying student
results. The data takes into account both the student's reading comprehension and their stanine score. On the far right, there is
another graph showing the average data of the class. The colors in the background represent the normal distribution curve for
Swedish schools The amplitude of the color’s changes over time, reflecting the natural progression of reading ability, which
typically improves continuously in school settings as students advance through their education.

Individual level

The most detailed level of assessment was presented by the Individual View (see Figure 5), which allows
learning about the progress in reading of each particular student. Once the principals identified the
students that need targeted support, they could use the individual view to further get details on the
particular areas that the student was struggling in. This view was necessary in making personal
adjustments with regards to the needs of every learner as well as making support systems well-defined.
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Figure 5: Student Performance Tracking in Individual View. The visualization displays data from the previous measurement as
well as the most recent measurement of the student's reading comprehension and stanine scores.

Evaluation of Iteration 1

Feedback from participants revealed several strengths and weaknesses in Iteration 1. In the School
Overview, Test A received mixed feedback. Four participants found the visualization clear, while two
were uncertain, and one found it completely unclear. Participants noted that overlapping elements made
it harder to interpret. One participant remarked, “The graph feels cluttered, making it harder to
understand.” In contrast, Test B was universally preferred for its simplicity, with all participants agreeing
that it was easier to understand. Comments included, “This is very intuitive,” highlighting Test B's
effectiveness.

In the Class View (Figure 4), participants appreciated the ability to monitor class trends, compare
individual students, and analyze performance over time. However, filtering for students with low reading
ability revealed usability challenges. While five participants completed this task correctly, two were
unsure of the filter functionality, suggesting that clearer labeling was needed. Tasks involving the
normalization curve, such as identifying the class’s peak performance, were more successful, with six
participants completing the task easily. One participant commented, “The spikes in the graph make it
simple to read.”

The Individual View (Figure 5) posed the greatest challenges. Tasks requiring participants to locate
decoding and comprehension scores were unclear for five participants, while two were uncertain. One
participant stated, “I can’t find the score values; it’s not straightforward.” Despite these difficulties, the
view was appreciated conceptually, as participants recognized its potential for detailed analysis of
individual student progress. A summary of the findings from Prototype Version 1 is presented in (Figure
6).

The results from iteration 1 were mapped as follows:
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Iteration 1

In the school view, enter class 2A via the far right
visualization

In the school view, list out 2A’s class progress

In class view, at what time point was the class

reading ability at its best in comparison to the... h
|
e

Tasks

In the class view, Filter so you only see students with
low reading ability

In the class view, give more details about a desired
student without entering the individual view

In the individual view, list students' decoding and
comprehension score

o
-
N
w
IS
w
o))
~

Amount of participants

I Not clear ® Uncertain ®Clear

Figure 6: Evaluation summary of Prototype Version 1

Iteration 2 Development
In the second iteration, to address the challenges raised in iteration 1, the following improvements were
made based on the feedback:

e Improve Visibility (increasing the font size, changing the color etc.).

e Add Labels and Tooltips (Clearly label the scores and provide tooltips).

o Simplify Layout (Redesign the layout to reduce clutter and make it easier).

e Filter Descriptions (Include a brief description or icon that explains the function).

e Improve Interactivity Cues (Make it obvious that the far-right visualization is interactive by
adding hover effects).

The full table breakdown including the questions asked can be found in Appendix 4.

Evaluation of Iteration 2

In the School View, there were improvements. When asked to list Class 2A’s progress, all participants
found the task clear. This was improved from iteration 1, where many struggled with it. One participant
said, “This is a notable difference and a simple way of showing progress.”. All participants found it clear
this time, due to the hover effects and updated design, which made the feature more interactive and
easier to notice. Comments from participants like, “The new visualization is more appealing,” highlighted
these changes.
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schoolyear:  21/22  22/23 |23/24 l
Norra Skolan 23/24

Latest test:9/25/2023 Number of classes. 18 Number of students. 360 Students with results. 360 (100%)

®
Amount 1 A 1 B

® Low 14

D Below average 61

® Average 65

@® Above average 180

® High 40

Stuc results 360

Classes 23/24

1A > 1B > 2A > 2B >
Latest test: 9/25/2023 Latest test: 9/25/2023 Latest test: 9/25/2023 Latest test: 9/25/2023
Students with results: 25 (100%) Students with results: 20 (100%) Students with results: 20 (100%) Students with results: 15 (100%)

Figure 7: Modified school overview design from iteration 1. The visualization shows classes instead of grade levels. For example,
it displays "1A" and "1B" instead of "Grade 1." Additionally, the visualization is more interactive, allowing users to hover over it
for further details.

In the Class View, the task of viewing student details without opening the Individual View had similar
results to the first iteration. Five participants said it was clear, but two were still unsure. On the other
hand, the task of filtering students with low reading ability showed much better results. Six participants
understood the task, and only one found it unclear. They appreciated the addition of presets, which
made filtering easier. One participant said, “It is better to use the presets than the current filter system,”
while another commented, “/ can get used to this.”

The task of finding when the class’s reading ability was at its best compared to the normalization curve
was also successful. Six participants found it clear, and one was unsure. The graph design was particularly
appreciated, especially the visible spikes, which made the data easier to understand. One participant
noted, “I like how visible the line is in the graph.”
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Figure 8: Modified class performance monitoring view from iteration 1. The visualization includes a simple filter that allows users
to select the grade range they wish to view. The filter is located in the top-right corner.

In the Individual View, five out of seven participants found it much easier to visualize scores, which was
a big improvement compared to the first iteration, where no one found it easy. Participants appreciated
the hover effects and clearer design. For example, one said, “Now | can see the scores easily.” However,
one participant remained unsure, and another was confused, suggesting that some small adjustments

might still be needed.

Maria, Sjoberg

Birth date 9/10/20%6 Gender. Girl SvA. Nej

Reading ability: @ Average/Precentile 23 | Lexplore score: 184 | Language: Svenska

Book recommendation

Elevens resultat visar pa en lasformaga i niva med genomsnittet for arskursen. D&
gruppen medel har en stor spridning vi att skolan ar pade
elever som befinner sig pa en percentil under 40. Eleverna med en percentil under 40
har precis utvecklat en mer automatiserad avkodning och det ar viktigt att de fortsatter
trana avkodning och lasflyt. Elever med percentil ver 40 kan fortfarande oka sitt lasfiyt.
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Figure 9: Modified student performance tracking in individual View from iteration 1. The visualization now displays both the
previous and most recent results, as well as other necessary values.
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Overall, many of the problems identified in the first iteration were solved, and participants found the
interface easier to use. A few areas still needed some work, but the changes made so far have greatly
improved the user experience. A summary of the second iteration findings is presented in (Figure 10).

Below is how the results were mapped:

Iteration 2

In the school view, enter class 2A via the far right
visualization

In the school view, list out 2A’s class progress

In class view, at what time point was the class
reading ability at its best in comparison to the...

Tasks

i

In the class view, Filter so you only see students with
low reading ability

In the class view, give more details about a desired
student without entering the individual view

In the individual view, list students' decoding and
comprehension score

o
[

2 3 4 5 6

~

Amount of participants

H Not clear mUncertain M Clear

Figure 10: Evaluation summary of prototype version 2

Iteration 3 Development
In the third iteration, further refinements were made, and the results showed continued improvement.
The challenges raised in iteration 2 was such as:

e Address Confusion (adding even clearer labels to guide users through the process)

e User Guidance (Introduce contextual help or tips that appear when a user hesitates)

e Fine-Tune Presets (further refine the presets for even more intuitive use when filtering)

e Iterative Refinement (Keep iterating on areas where some participants still express confusion)

The full table breakdown that includes all the questions asked can be found in Appendix 5.

Evaluation of Iteration 3
The feedback collected during the third iteration showed even more improvements in clarity and
usability, with most tasks showing consistent progress or complete resolution of earlier issues.

In the School View, the task of listing Class 2A’s progress was once again described as clear by all seven
participants. This result mirrored the positive feedback from iteration 2. The visualization improvements
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introduced in earlier iterations were retained, and participants continued to find the task easy and
straightforward.

The School View task of entering Class 2A via the visualization saw complete clarity among all
participants. The design changes successfully resolved the confusion reported in iteration 1. Participants
appreciated the new, modernized appearance and the improved interactivity. As one participant
commented, “Much improved visualization and looks more interactive,” while another noted, “/ like how
the new visualization got a modern look to it.”

schoolyear: 21/22 | 22/23 | 23/24 l
Norra Skolan 23/24

Latest test. 9/25/2023 Number of classes. 18 Number of students. 360 Students with results. 360 (100%)

Amount

1A 1B
® Low 14 Progress: — Progress: —
Below average 61 B
® Average 65
Above average 180 ' $ e
® High 40 ., ~
tudents with results 360
2A 2B
Progress: Progress:
Classes 23/24
1A > 1B > 2A > >

Latest test: 9/25/2023 Latest test: 9/25/2023 Latest test: 9/25/2023

Students with results: 25 (100%) Students with results: 20 (100%) Students with results 20 (100%) 515 (100%)

Figure 11: Final modification of school overview design. The progress in the visualization is now more visible and mm/mal in its
representation, using green and red arrows. Red indicates a downward trend, while green signifies an upward trend.

The Class View task of viewing more details about a student without entering the Individual View
showed consistent results, with five participants finding it clear. However, two participants were still
uncertain, indicating that this task might benefit from further minor adjustments. While the overall
clarity was maintained from previous iterations, slight improvements could help ensure all users are
comfortable with the interaction.

For the Class View filtering task, all seven participants understood how to filter students with low
reading ability. This was a major improvement, as every participant found the updated filtering system
completely clear and easy to use. The refined presets contributed significantly to making this task more
intuitive.

The task of identifying when the class reading ability was at its best compared to the normalization curve
also remained consistent. Six participants found the task clear, and only one expressed uncertainty.
Feedback confirmed that the visualization of the normalization curve continued to work well for most
participants, with no major uncertainties.
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Figure 12: Final modification of class performance monitoring view. When clicking on the scatter plot view, you can see the
student's graph in relation to the normal distribution across Swedish schools and compare it to the class's average level. In the
scatter plot view, the red hollow circles represent the student's past data, allowing for a comparison of changes over time.

Finally, in the Individual View, all seven participants completed the task of listing students’ decoding and
comprehension scores without any difficulty. This marked a complete shift from earlier iterations, where
participants struggled with clarity. One participant specifically noted, “/ like how you gave an illustration
to the visualization of it being hoverable” emphasizing how the refinements had improved usability and
accessibility. A summary of the findings from Iteration 3 is presented in (Figure 14).
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Figure 13: Final modification of student performance tracking in individual View. The tooltip displays while hovering, to displays
more detailed information, allowing users to explore additional data points.
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The results from iteration 3 were mapped as below:

Iteration 3

In the school view, enter class 2A via the far right
visualization

In the school view, list out 2A’s class progress

.

e |

In class view, at what time point was the class

reading ability at its best in comparison to the... h
|
e

Tasks

In the class view, Filter so you only see students with
low reading ability
In the class view, give more details about a desired
student without entering the individual view

In the individual view, list students' decoding and
comprehension score

Amount of participants

Not clear ™ Uncertain M Clear

Figure 14: Evaluation summary of prototype 3

DISCUSSION

The aim of this thesis was to explore the challenges school principals face in identifying students with
poor reading abilities and evaluate how an iterative design approach can enhance data visualization tools
to address these issues. The results align with earlier studies that emphasize the value of user input and
ongoing refining in raising the usability of data visualizations.

The thesis demonstrates that the iterative design process used in developing the data visualization tool
improved its usability and effectiveness for school principals. This finding mirror [2] which indicated that
clear and accessible data visualizations can enhance decision-making in educational context. Principals
who used the improved visualizations were better able to identify students who were struggling with
reading, aligning with earlier research that suggests data-driven insights can help teachers identify
students who require more attention.

Usability testing in the original version showed that participants had trouble identifying pupils with
reading challenges and comprehending raw data. This supports [2] that raw data frequently lacks the
visual context required for prompt decision-making. It was difficult for principals to use the interface and
comprehend important indicators like comprehension and decoding scores. These challenges
emphasized the need for a more intuitive design to simplify the user experience and reduce cognitive
load.

The second iteration introduced key design refinements, including a simplified layout, improved labels,

and enhanced interactivity features such as hover effects and clearer filters. Participants' feedback
showed that these modifications improved the tool's usability, allowing them to find student scores
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more quickly and apply filters with greater confidence. Some participants, however, continued to have
trouble exploring huge datasets, indicating the need for additional modifications.

The third iteration incorporated additional features, such as pop-up tips, optimized presets, and further
improvements to interactivity. These changes addressed many of the remaining usability challenges. By
this stage, all participants were able to navigate the tool effectively and complete tasks such as
identifying students with low reading ability or analysing class performance over time. Participants
appreciated the tool's engagement and clarity, and comments emphasized its modern and user-friendly
layout. This development demonstrates how iterative refining can improve functionality for users and
remove usability barriers.

In contrast to previous studies, such as [1], is that while they identified initial user resistance to new
technologies as a barrier, our research found that involving principals throughout the design process
fostered a sense of ownership. This active participation reduced opposition and built confidence in using
the tool, demonstrating that when users are involved in the development process, the adoption of new
tools is more successful.

To address the core issues faced by school principals, the study investigated how they could be mitigated
through the iterative development of visualization tools. Data collected through multiple testing phases
allowed us to address these research questions comprehensively. During the first iteration, we first
interviewed some participants and conducted usability tests which revealed some issues. One of the
problems was general difficulties concerning the interpretation of raw data, specific to students’ reading
competencies. Since the available formative assessments do not include clear visual representations that
pinpoint struggling learners, principals struggled to identify learners with poor reading skills. These
findings align with [2], who emphasized the difficulties educators face when working with complex data
sets that lack proper visual context. Effective data visualization is crucial for educators to identify
struggling learners swiftly, as raw data can be overwhelming and hard to interpret [2].

The results of this study assist in highlighting the notion that school principals regularly come across
usability challenges regarding identification of learners who require support. The usability challenges
highlighted in our study echo [3], who stressed the importance of user-centered design in educational
tools. When educational tools are not designed with intuitive interfaces, educators struggle to extract
meaningful insights, which leads to inefficiencies in identifying students in need of intervention. Having a
poor understanding of what these aggregations and distributions are in terms of visualizations means
that time is wasted interpreting the information rather than arriving at a decision [3].

Furthermore, this project indicates that the proposed visualization prototype enhances decision making
ability of school principals. For example, more user-friendly design and increased interactivity enabled
participants to locate easier students’ decoding and comprehension scores. On this account, the study’s
findings indicate that visualization-elements can address the problems that school principal’s encounter.
Simplicity governs the presentation of data, making it easier to manage and use to make decisions on
which students need help and when such help should be offered.

While the findings of this study are valuable, it's vital to take into account any potential restrictions that
might have affected the results. The very limited number of participants is one important element that
might have influenced the outcomes. A larger number of participants might increase the generalizability.
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Furthermore, the study's participants' varying degrees of technological expertise might have
incorporated biases into how they interacted with the platform. The results might have been different if
the participants' technical skills had been distributed more evenly, especially when it came to how users
interacted with the technology and thought it was easy to use. This issue might be addressed in future
studies by examining the impact of knowledge on technology acceptability.

The evaluation of data visualization tools using the UX-TAM methodology provides variable but typically
good results. Principals considered the tools beneficial for identifying students who needed additional
reading support, which aligns with the model's emphasis on perceived usefulness. However, perceived
ease of use varied; some principals struggled with navigation and required additional instruction. This
underscores the importance of user-friendly design, as stressed by the UX-TAM approach. Overall,
usability was good, while some users found the data complicated, prompting ongoing adjustments.
Principals praised the design's clarity and organization. Overall, user satisfaction was high, indicating that
the tools were useful in helping principals make decisions and improve students reading skills. The UX-
TAM paradigm was effective in identifying both strengths and places for improvement.

Study limitations

The study has significant limitations, as the small sample size of seven school principals may not
accurately represent the broader population of school principals, limiting the generalizability of the
findings. Furthermore, the study was done in a specific geographic area, which may limit the application
of the findings to other contexts.

The use of self-reported data increases subjectivity, as individuals' responses may be impacted by
personal biases. Furthermore, the emphasis on usability may neglect other crucial elements, such as
school culture and available training resources, that influence decision-making.

Finally, time restrictions throughout the iterative design process may have resulted in certain unresolved
usability difficulties. These limitations highlight the need for additional research on the broader
implications for educational practice.

Ethical considerations

In this study, ethical factors were carefully considered to ensure that the research was fair and respectful
to everyone involved. All academic records and personal information were handled securely, and data
was anonymized to prevent the identification of specific students. In some cases, the prototype
displayed false data. Principals were fully informed about the study's goal and methodology prior to
participating. With the knowledge that they might withdraw from the study at any moment, each
participant provided their consent. The study's data was only utilized to enhance instruction. It was
made clear that the information wouldn’t be used for other purposes.

Method Discussion

The used method was suitable for the given work, as it implied the evaluation of the designed interfaces’
prototypes by real users and the subsequent modifications based on the results. The approach enabled
the identification of usability problems and their correction in real-time, which is important when
creating easy-to-use data visualizations. The theoretical framework, UX-TAM [25], was very useful in
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determining the satisfaction of users too. Their satisfaction with usability and functionality is what
informed their overall scores with the tasks. If, however, other methods like eye tracking were employed
in the testing sessions, it could have provided more detailed insights into how users interact with specific
elements and their level of engagement, leading to a more informed research outcome.

A/B testing offered significant benefits in making comparisons of several design aspects at once, which
led to a quicker definition of the most effective features. Extra methods like eye-tracking data from
principals during testing sessions and questionnaires could have provided additional understanding
regarding users’ engagement with the graphic components in the interface and unobvious usability
issues that can be reported orally only.

As the chosen method served its purpose to enhance the results in terms of clarity and usability, it is
possible that the inclusion of these extra methods would have enriched the data and could have led to
different conclusions about the users’ interactions and preferences.

Future Research

There are several directions for future research. A closer look at the reactions of various user categories,
such as parents with varying levels of experience at schools or familiarity with data visualization tools,
could reveal valuable insights. For instance, experienced users might provide feedback on the tool's
usability and effectiveness, while less experienced users may highlight areas of confusion. Additionally,
understanding their preferences for customization can help tailor the tool to better meet the diverse
needs of all users. Moreover, exploring the effects of such visualizations on decision-making and
learners’ performances in the long run can provide useful information about the effectiveness of data
visualizations in the education context.

Besides, there are improvements that can be made in future work, including the addition of other
functionalities such as predictive analysis in order to forecast student performance moving forward or
even integration of machine learning features to the given prototype. Integrating Al functionality for
predictive analysis could contribute to more advanced advice and monitoring: This application might
lead to even higher effectiveness of data visualizations by school principals.

Future research could elaborate upon the current findings and extend the investigation into the efficacy
of visualization-elements in influencing as well as identify other functions that could increase the
effectiveness of the tools. In summary, this thesis reveals possibilities of data visualizations for the
educational decision-making process and underscores the importance of a continuous focus group
discussion to improve those tools.

Study's Contribution

This work advances educational data visualization by offering visualization tools designed specifically for
school principals. Such visualization tools could facilitate school leaders’ sensemaking of student reading
data for students’ improved reading skills in schools. The study's originality stems from its emphasis on
user-centered design and iterative testing, which ensure that the visualizations are not only functional
but also intuitive and user-friendly. Overall, the study highlights the critical role of user-centered design
in creating educational tools and lays the groundwork for future advancements in data representation
techniques.
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CONCLUSION

This study demonstrates the effectiveness of iterative design in improving the data visualization tool for
school principals. Through continuous user feedback, the prototype evolved to become more user-
friendly, enabling better insights into students' reading abilities. The iterative process addressed both
specific usability issues and broader enhancements, making the tool more practical for school
administrators.

The findings emphasize the importance of friendly user interfaces and feedback in developing effective
educational resources. This research not only provides a real-world example of how iterative design
enhances educational tools but also offers suggestions for future improvements in data visualization for
educational purposes.

29



REFERENCES

[1] F. Provost and T. Fawcett, “Data Science and its Relationship to Big Data and Data-Driven Decision
Making,” Big Data, vol. 1, no. 1, pp. 51-59, Feb. 2020, doi: https://doi.org/10.1089/big.2013.1508.

[2] R. Desjardins, “Determinants of literacy proficiency: a lifelong-lifewide learning perspective,”
International Journal of Educational Research, vol. 39, no. 3, pp. 205-245, Jan. 2003, doi:
https://doi.org/10.1016/j.ijer.2004.04.004.

[3] B. R. Cooper, J. E. Moore, C. J. Powers, M. Cleveland, and M. T. Greenberg, “Patterns of Early Reading
and Social Skills Associated With Academic Success in Elementary School,” Early Education and
Development, vol. 25, no. 8, pp. 1248-1264, Jul. 2014, doi:
https://doi.org/10.1080/10409289.2014.932236.

[4] L. Lindskold, A. Hedemark, and A. Lundh, “Constructing the Desirable Reader in Swedish
Contemporary Literature Policy,” Culture Unbound, pp. 1-19, May 2020, doi:
https://doi.org/10.3384/cu.2000.1525.20200527c.

[5] A. Unwin, “Why Is Data Visualization Important? What Is Important in Data Visualization?,” Harvard
Data Science Review, vol. 2, no. 1, Jan. 2020, doi: https://doi.org/10.1162/99608f92.8ae4d525.

[6] M. A. Rasmusson, “A multilevel analysis of Swedish and Norwegian students’ overall and digital
reading performance with a focus on equity aspects of education,” Large-scale Assessments in Education,
vol. 4, no. 1, Feb. 2016, doi: https://doi.org/10.1186/s40536-016-0021-7.

[7] M. J. Filderman, J. R. Toste, L. A. Didion, P. Peng, and N. H. Clemens, “Data-Based Decision Making in
Reading Interventions: A Synthesis and Meta-Analysis of the Effects for Struggling Readers,” The Journal
of Special Education, vol. 52, no. 3, pp. 174-187, Jul. 2018, doi:
https://doi.org/10.1177/0022466918790001.

[8] H. Kopnina, “Education for the future? Critical evaluation of education for sustainable development
goals,” The Journal of Environmental Education, vol. 51, no. 4, pp. 1-12, Jan. 2020, doi:
https://doi.org/10.1080/00958964.2019.1710444.

[9] L. Darling-Hammond, “National Standards and Assessments: Will They Improve Education?,”
American Journal of Education, vol. 102, no. 4, pp. 478-510, Aug. 1994, doi:
https://doi.org/10.1086/444083.

[10] C. Brown, U. Boser, S. Sargrad, and M. Marchitello, “Implementing the Every Student Succeeds Act:
Toward a Coherent, Aligned Assessment System.,” Center for American Progress, Jan. 2016.

[11] R. E. Bennett, “Formative assessment: a Critical Review,” Assessment in Education: Principles, Policy
& Practice, vol. 18, no. 1, pp. 5-25, Jan. 2011, doi: https://doi.org/10.1080/0969594X.2010.513678.

[12] H. B. Hessler and A. Taggart, “What’s Stalling Learning? Using a Formative Assessment Tool to
Address Critical Incidents in Class,” International Journal for the Scholarship of Teaching and Learning,
vol. 5, no. 1, Jan. 2011, doi: https://doi.org/10.20429/ijsotl.2011.050109.

30



[13] Hala Elhoweris, “The Impact of Repeated Reading Intervention on Improving Reading Fluency and
Comprehension of Emirati Students with Learning Disabilities,” International Journal of Psycho-
Educational Sciences, vol. 6, no. 2, pp. 36—48, Sep. 2017.

[14] P. A. Punde, M. E. Jadhav, and R. R. Manza, “A study of eye tracking technology and its applications,”
IEEE Xplore, Oct. 01, 2017. https://ieeexplore.ieee.org/abstract/document/8122153 (accessed Apr. 01,
2022).

[15] A. Strandberg, M. Nilsson, P. Ostberg, and G. Oqvist Seimyr, “Eye movements during reading and
their relationship to reading assessment outcomes in Swedish elementary school children,” Journal of
Eye Movement Research, vol. 15, no. 4, Oct. 2022, doi: https://doi.org/10.16910/jemr.15.4.3.

[16] Stanislav Pozdniakov, R. Martinez-Maldonado, Y.-S. Tsai, V. Echeverria, N. Srivastava, and Dragan
Gasevi¢, “How Do Teachers Use Dashboards Enhanced with Data Storytelling Elements According to their
Data Visualisation Literacy Skills?,” Mar. 2023, doi: https://doi.org/10.1145/3576050.3576063.

[17] R. Ferguson, “Learning analytics: drivers, developments and challenges,” International Journal of
Technology Enhanced Learning, vol. 4, no. 5/6, p. 304, 2012, doi:
https://doi.org/10.1504/ijtel.2012.051816.

[18] Rodriguez, Maria Teresa; Nunes, Sérgio; Devezas, Tiago . (2015). [ACM Press the 2015 Workshop -
Guzelyurt, Northern Cyprus (2015.09.01-2015.09.01)] Proceedings of the 2015 Workshop on Narrative &
Hypertext - NHT '15 - Telling Stories with Data Visualization 7-11. doi:10.1145/2804565.2804567

[19] Colin Ware. 2019. Information visualization: perception for design. Morgan Kaufmann.

[20]B. Williamson, “Digital education governance: data visualization, predictive analytics, and ‘real-time’
policy instruments,” Journal of Education Policy, vol. 31, no. 2, pp. 123-141, Apr. 2015, doi:
https://doi.org/10.1080/02680939.2015.1035758.

[21] A. Zentner, R. Covit, and D. Guevarra, “Exploring Effective Data Visualization Strategies in Higher
Education,” SSRN Electronic Journal, 2019, doi: https://doi.org/10.2139/ssrn.3322856.

[22] W. E. Lacefield and B. Applegate, "Data Visualization in Public Education: Longitudinal Student-,
Intervention-, School-, and District-Level Performance Modeling," Conference Paper, Apr. 2018. [Online].
https://www.researchgate.net/publication/324794479.

[23] Bach, B., Keck, M., Rajabiyazdi, F., Losev, T., Meirelles, I., Dykes, J., Laramee, R. S., AlKadi, M., Stoiber,
C., Huron, S., Perin, C., Morais, L., Aigner, W., Kosminsky, D., Boucher, M., Knudsen, S., Manataki, A.,
Aerts, J., Hinrichs, U., ... Carpendale, S. (2023). Challenges and Opportunities in Data Visualization
Education: A Call to Action. IEEE Transactions on Visualization and Computer Graphics, 1-12.
https://doi.org/10.1109/tvcg.2023.3327378

[24] L. Mlekus, D. Bentler, A. Paruzel, A.-L. Kato-Beiderwieden, and G. W. Maier, “How to raise technology
acceptance: user experience characteristics as technology-inherent determinants,” Gruppe. Interaktion.
Organisation. Zeitschrift fiir Angewandte Organisationspsychologie (GI0), vol. 51, no. 3, pp. 273-283,
Aug. 2020, doi: https://doi.org/10.1007/s11612-020-00529-7.

[25] Davis, F. D., Bagozzi, R. P.,, & Warshaw, P. R. (1989). Technology acceptance model. / Manag
Sci, 35(8), 982-1003.

31



[26] A. M. Rawashdeh, M. Bakheet Elayan, W. Alhyasat, and M. Dawood Shamout, “ELECTRONIC HUMAN
RESOURCES MANAGEMENT PERCEIVED USEFULNESS, PERCEIVED EASE OF USE AND CONTINUANCE
USAGE INTENTION: THE MEDIATING ROLE OF USER SATISFACTION IN JORDANIAN HOTELS SECTOR,”
International Journal for Quality Research, vol. 15, no. 2, pp. 679-696, May 2021, doi:
https://doi.org/10.24874/ijqr15.02-20.

[27] A. Marcus, Design, user experience, and usability : novel user experiences : 5th International
Conference, DUXU 2016, held as part of HCI International 2016, Toronto, Canada, July 17-22, 2016,
Proceedings. Part lll. Switzerland: Springer, 2016.

[28] N. Harrati, I. Bouchrika, A. Tari, and A. Ladjailia, “Exploring user satisfaction for e-learning systems
via usage-based metrics and system usability scale analysis,” Computers in Human Behavior, vol. 61, pp.
463-471, Aug. 2016, doi: https://doi.org/10.1016/j.chb.2016.03.051.

[29] J. Hartmann, A. Sutcliffe, and A. D. Angeli, “Towards a theory of user judgment of aesthetics and
user interface quality,” ACM Transactions on Computer-Human Interaction, vol. 15, no. 4, pp. 1-30, Nov.
2008, doi: https://doi.org/10.1145/1460355.1460357.

[30] J. Nielsen, "lterative user-interface design," in Computer, vol. 26, no. 11, pp. 32-41, Nov. 1993, doi:
10.1109/2.241424.

[31] Bason, C. (2014). Design attitude as an innovation catalyst. In Public innovation through
collaboration and design (pp. 209-228). Routledge.

[32] Lyon, G. R., & Weiser, B. (2009). Teacher Knowledge, Instructional Expertise, and the Development
of Reading Proficiency. Journal of Learning Disabilities, 42(5), 475-480.
https://doi.org/10.1177/0022219409338741

[33] H. Busher and B. Barker, “The crux of leadership: Shaping school culture by contesting the policy
contexts and practices of teaching and learning,” Educational Management &amp; Administration, vol.
31, no. 1, pp. 51-65, Jan. 2003. doi:10.1177/0263211x03031001867

[34] M. Bostock and J. Heer, “Protovis: A graphical toolkit for visualization,” IEEE Transactions on
Visualization and Computer Graphics, vol. 15, no. 6, pp. 1121-1128, Nov. 2009.
doi:10.1109/tvcg.2009.174

[35] Z. Bylinskii et al., “Learning visual importance for graphic designs and data visualizations,”
Proceedings of the 30th Annual ACM Symposium on User Interface Software and Technology, Oct. 2017.
doi:10.1145/3126594.3126653

[36] M. Sachs-Israel, “The SDG 4-education 2030 agenda and its framework for action — the process of its
development and first steps in taking it forward,” Bildung und Erziehung, vol. 69, no. 3, pp. 269-290, Oct.
2016. doi:10.7788/bue-2016-0303

[371Y. Wang, S. Lu, and D. Harter, “Multi-sensor eye-tracking systems and tools for capturing student
attention and understanding engagement in Learning: A review,” IEEE Sensors Journal, vol. 21, no. 20, pp.
22402-22413, Oct. 2021. doi:10.1109/jsen.2021.3105706

32



[38] Regeringen och Regeringskansliet. (2024, September 30). Education for children and young people.
Regeringskansliet. https://www.government.se/government-policy/education-for-children-and-young-
people/ (accessed Aug. 18, 2024).

[39] PISA 2022. (n.d.). Skolverket. https://www.skolverket.se/publikationsserier/rapporter/2023/pisa-
2022.

[40] Sloat, E. A., Beswick, J. F., & Willms, J. D. (2007). Using Early Literacy Monitoring to Prevent Reading
Failure. Phi Delta Kappan, 88(7), 523-529. https://doi.org/10.1177/003172170708800711

[41] Zardari, B. A., Hussain, Z., Arain, A. A., Rizvi, W. H., & Vighio, M. S. (2021). Development and
validation of user experience-based e-learning acceptance model for sustainable higher education.
Sustainability, 13(11), 6201.

[42] Ejdys, J. (2022). Factors influencing satisfaction and future intention to use e-learning at the
university level. Foresight and STI Governance, 16(2), 52-64.

[43] Saqr, R. R., Al-Somali, S. A., & Sarhan, M. Y. (2023). Exploring the acceptance and user satisfaction of
Al-driven e-learning platforms (Blackboard, Moodle, Edmodo, Coursera and edX): an integrated
technology model. Sustainability, 16(1), 204.

[44] Hornbaek, K., & Hertzum, M. (2017). Technology acceptance and user experience: A review of the
experiential component in HCI. ACM Transactions on Computer-Human Interaction (TOCHI), 24(5), 1-30.

[45] Mlekus, L., Bentler, D., Paruzel, A., Kato-Beiderwieden, A. L., & Maier, G. W. (2020). How to raise
technology acceptance: user experience characteristics as technology-inherent determinants. Gruppe.
Interaktion. Organisation. Zeitschrift fiir Angewandte Organisationspsychologie (GI0), 51(3), 273-283.

[46] Tavakoli, M. & KTH Royal Institute of Technology. (2021). Optimizing the usability of reading
assessments with eye-tracking on a mobile device [Thesis]. https://www.diva-
portal.org/smash/get/diva2:1609278/FULLTEXTO1.pdf

[47] Ahmad, W., Raj, R., & Shokeen, R. (2024). Reshaping Special Education. In Advances in educational
technologies and instructional design book series (pp. 1-44). https://doi.org/10.4018/979-8-3693-5538-
1.ch001

[48] Sumathi, D. (2022). Innovative teaching strategies. | A. S. Arul Lawrence & M. Manivannan (Red.),
Emerging trends of psycho-technological approaches in heutagogy (s. 25-27). Tamil Nadu Open
University.

[49] Davies, S. M., Jardine, J., Gutridge, K., Bernard, Z., Park, S., Dawson, T., ... & Whelan, P. (2021).
Preventive digital mental health for children in primary schools: acceptability and feasibility study. JMIR
Formative Research, 5(12), e30668.

[50] Datnow, A., & Hubbard, L. (2016). "Teachers’ Use of Assessment Data to Inform Instruction: Lessons
from the Past and Prospects for the Future." Teachers College Record, 118(14), 1-26.

33



APPENDICES

Appendix 1: Interview questions (translated to English)

1.

2.

10.

11.

12.

Can you describe your role as a school principal and what your daily tasks look like?

How often do you use any analysis or visualization tools like Excel or Tableau to make sense of
data in your work?

How would you describe your computer habits?
How often do you use the existing platform, and for what specific purposes do you use it?

Which aspects of the current platform do you find most helpful when assessing students'
reading abilities?

Which scoring system do you use most to determine a student's reading ability—stanine scores
or Lexplore scores?

How do you assess whether a student’s decoding needs more work or if it’s their comprehension
that requires attention?

Are there any challenges or frustrations you encounter when using the platform in its current
state? Is there any visualization you find misleading?

How do you use filtering on the platform to quickly locate specific information?
Would you like to see the progress over time for a class presented in the results?

Is the portal used during development meetings with parents, where they can see the student's
progress over time?

Are there specific areas for improvement that you would like to highlight?

Appendix 2: Participant Demographics

Participants Computer habits
P1 Moderate

P2 High

P3 High

P4 High

P5 Low

P6 Low

P7 Moderate

Table 1: Participants computer habits
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Appendix 3: Questions and Results for Iteration

Iteration 1

Clear

Uncertain

Not clear

In the individual view, list students' decoding and
comprehension score

2

5

In the class view, give more details about a desired student
without entering the individual view

In the class view, Filter so you only see students with low
reading ability

In class view, at what time point was the class reading ability at
its best in comparison to the normalization curve

In the school view, list out 2A’s class progress

In the school view, enter class 2A via the far-right visualization

Table 2: Questions and Results for iteration 1

Appendix 4: Questions and Results for Iteration 2

Iteration 2

Clear

Uncertain

Not clear

In the individual view, list students' decoding and
comprehension score

1

1

In the class view, give more details about a desired student
without entering the individual view

In the class view, Filter so you only see students with low
reading ability

In class view, at what time point was the class reading ability
at its best in comparison to the normalization curve

In the school view, list out 2A’s class progress

In the school view, enter class 2A via the far-right visualization

Table 3: Questions and Results for iteration 2

Appendix 5: Questions and Results for Iteration 3

Iteration 3

Clear

Uncertain

Not
clear

In the individual view, list students' decoding and
comprehension score

In the class view, give more details about a desired student
without entering the individual view

In the class view, Filter so you only see students with low
reading ability

In class view, at what time point was the class reading ability at
its best in comparison to the normalization curve

In the school view, list out 2A’s class progress

In the school view, enter class 2A via the far-right visualization

Table 4: Questions and Results for iteration 3
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Appendix 6: Overview on Lexplore’s current dashboard

Norra stationsskolan 23/24

Senaste test: 2024-05-22 Antal klasser: 9 Antal elever: 210  Elever med resultat: 209 (100%)

| 2 Inspelningar som behéver granskas: 1
i
§

41 Filter v

Ladomigs © Antel Jamforelser ()
O Laserinte an 5 100%
® Lig 8 0%
@ Under medel 30 0%
@ Medel 81
40%
® Over medel 38
20%
@ Hia 47
Elever med resultat 209 0%

21/22

Figure 15: Shool overview of current dashboard

North station school - 2A 23/24

Lasttest: 2024-05-22 Number of students: 30 Students with results : 30 (100%)

| 2\ Recordings that need to be reviewed : 1

41 Filter v
Reading ability (i) Number Comparisons (i)
O Not readingyet 0 oo

@ Low 3 / 80%
® Below average 4 " 0%
@® Means 1

20% _~ 40%
@ Above average 6

37% 20%
@ High 6 \aze

Students with results 30 gk

Figure 16: Class overview of current dashboard

22/23

23/24

24/25
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Student 4244

Date of birth : xxxx-xx-xx Gender: Girl SvA: No

Reading ability: @ Below average/Percentile 21Q | Lexplore score: 1809 | Reading Comprehension : 6 / 8 correct answers®
Language: Swedish

Recommendations Development Lexplore score

@ Lexplore score

The student's results show a reduced reading ability compared to peers. The student has 1000
developed a certain ability to decode words and read text, but is still in need of structured
training in decoding and reading fluency. Feel free to use Lexplore's reading fluency training.
Please read more on the reading teaching page. Remember to involve the student in the
planning and evaluation of their actions. The student has good conditions to succeed if the right
measures are put in place immediately. Use the audio recordings to identify specific difficulties
such as reading strategies or why the student cannot answer the questions correctly. Use the
Lexplore Score to measure individual progression. The school is recommended to measure the
student's reading ability at the beginning of each semester and after specific interventions. If
the student still does not develop, despite structured reading training, the student's linguistic
ability should be further mapped.

TRAINING

Figure 17: Student overview of current dashboard
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