
PAGE   \* MERGEFORMAT8

                                                                                                                                                  [image: Cabeçalho da página]



                                                                                                                                                             01


[bookmark: _heading=h.gjdgxs][image: C:\Users\Américo Junior\Downloads\IMG_9047.PNG]ARTIGO 
https://doi.org/10.47207/rbem.v6i1[image: ].25701 

The study of measurement: A comparative study between the United States and Spain


HERRERIAS, Celia Gallardo
Universidad de Almería. Doutoranda em Educaçã. ORCID: https://orcid.org/0000-0001-5515-1269. E-mail: cgh188@inlumine.ual.es.


Abstract: This comparative research analyzes the use of visual support aids by measurement instruction in United States and Spanish lower primary and lower secondary classes. Visual supports—such as diagrams, models, and simulations—enhance conceptual understanding by relating abstract and concrete thinking. Classroom observation, teacher interviews, student testing, and material examination were carried out in 20 schools across each country during the research, and the effect of visual aids on procedure and concept math learning was ascertained. Results show that Spanish classrooms use visual supports more deliberately and strongly than U.S. classrooms. Spanish teachers used visual supports routinely in class and conceptually relevant, whereas U.S. teachers saw visuals as being adjunctive, rather than main. Spanish students were more engaged and possessed a higher level of conceptual knowledge, as was indicated in a Measurement Proficiency Assessment (MPA), where their post-test gain over the pre-test was higher than that of the U.S. students, especially on conceptual items. The study found that teacher preparation, beliefs, and curriculum alignment affect the use and effectiveness of visual aids notably. Visual pedagogy is facilitated by curricular policy and systemic support in Spain, but high-stakes testing and decentralized policy in the U.S. restrict its application. The findings show that the integration of visual supports in a harmonious way, supported by policy and teacher preparation, enhances learning outcome improvement and mathematics instruction equity.
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O Estudo da Medição: Um Estudo Comparativo entre os Estados Unidos e a Espanha


Resumo: Esta pesquisa comparativa analisa a utilização de recursos visuais de apoio no ensino da medição em turmas do ensino básico I e II nos Estados Unidos e em Espanha. Os recursos visuais — como diagramas, modelos e simulações — melhoram a compreensão conceptual ao relacionar o pensamento abstrato com o concreto. A observação de sala de aula, as entrevistas com os professores, os testes com os alunos e a análise de materiais foram realizados em 20 escolas de cada país durante a pesquisa, e verificou-se o efeito dos recursos visuais na aprendizagem da matemática conceptual e procedimental. Os resultados mostram que as salas de aula espanholas utilizam os recursos visuais de forma mais deliberada e intensa do que as salas de aula americanas. Os professores espanhóis utilizavam recursos visuais rotineiramente na sala de aula e eram conceptualmente relevantes, enquanto os professores americanos viam os recursos visuais como auxiliares, em vez de principais. Os alunos espanhóis estavam mais envolvidos e possuíam um nível mais elevado de conhecimento conceptual, como indicado numa Avaliação de Proficiência em Medição (MPA), onde o seu ganho pós-teste em relação ao pré-teste foi superior ao dos alunos americanos, especialmente nos itens conceptuais. O estudo constatou que a preparação do professor, as crenças e o alinhamento curricular afetam notavelmente a utilização e a eficácia dos recursos visuais. 

Palavras-chave: apoio visual. ensino da medição. compreensão conceptual. educação comparada.

El estudio de la medición: un estudio comparativo entre Estados Unidos y España

Resumen: Esta investigación comparativa analiza el uso de apoyos visuales en la enseñanza de la medición en Estados Unidos y en clases de primaria y secundaria de primer ciclo de primaria y secundaria de primer ciclo de primaria en español. Los apoyos visuales, como diagramas, modelos y simulaciones, mejoran la comprensión conceptual al vincular el pensamiento abstracto con el concreto. Durante la investigación, se realizaron observaciones de aula, entrevistas a docentes, evaluaciones a estudiantes y análisis de materiales en 20 escuelas de cada país, y se determinó el efecto de los apoyos visuales en el aprendizaje matemático de procedimientos y conceptos. Los resultados muestran que las aulas de español utilizan los apoyos visuales de forma más deliberada y con mayor intensidad que las aulas estadounidenses. El profesorado de español utiliza apoyos visuales de forma rutinaria en clase y conceptualmente relevantes, mientras que el profesorado estadounidense considera los apoyos visuales como complementarios, no como elementos principales. Los estudiantes de español mostraron mayor participación y poseían un mayor nivel de conocimiento conceptual, como se indicó en una Evaluación de Competencia en la Medición (MPA), donde su progreso en la prueba posterior con respecto a la prueba previa fue mayor que el de los estudiantes estadounidenses, especialmente en elementos conceptuales. El estudio reveló que la preparación docente, las creencias y la alineación curricular afectan notablemente el uso y la eficacia de los recursos visuales.

Palavras-Clave: recursos visuales. instrucción de medición. comprensión conceptual. educación comparada.


Introduction

Measurement is a crucial element in human science and intelligence, facilitating an enormous range of disciplines from commonplace day-to-day activities to sophisticated scientific research. Accurate measurement and interpretation of numerical data are not only mandatory in educational disciplines such as mathematics, physics, and engineering but also in everyday use such as construction, medicine, and technology. Visual support tools like diagrams, models, graphs, and other visual support tools have been efficient support tools for comprehension and increasing precision in measurement activity for an extremely long period of time. Visual support tools augment intellectual process by providing bounded, spatially arranged information that raises abstract thinking, reduces mental load, and evokes conceptual insight (Arthur-Kelly., 2009).
Despite acknowledged value of visual assistance in measurement, pedagogies for teaching to incorporate and utilize visual aids are notably disparate between nations and cultures. The United States and Spain offer a comparative environment replete with difference owing to the unique school system, curriculum emphasis, and cultural orientations to measurement and visual learning. The two countries have measurement on the school curriculum but vary with pedagogy practice, resource accessibility, and teacher professional development on using visual aid devices (Manitsa & Doikou, 2022).
The United States is more decentralized and more concentrated on dense standardized tests so is more probable to foster quantitative accuracy and procedural proficiency. Visual aid is applied extensively as part of problem-solving exercises but unevenly across and between the grades and subjects (Solano-Flores et al., 2014). Spain's more centralized model places greater stress on a general and abstract understanding of mathematics, usually with visual aid outlined systematically into lessons to assist explanation and argument. Such variations thus raise fundamental questions regarding the pedagogy and learning of measurement with visual support in each country, pedagogic effectiveness, and the ways in which cultural assumptions influence course development (Brown et al., 2013; Hayes et al., 2010).
Despite rising interest in the place of visual support in the learning of measurement, comparative analyses on the use of visual tools as well as their impact on learning measurement in diverse educational systems are very rare. Current research is largely limited to single-nation contexts, which restricts generalizability of the research and eliminates the effect of cultural, curriculum, and system variables. Specifically, few compare directly Spanish and American teachers' use of measurement with visual aids in the classroom, how students utilize them, and with what effect (Cohen & Demchak, 2018; Mrstik et al., 2018).
Least of all is there an understanding about the difference between visual support and conceptual as opposed to procedural knowledge of measurement by learners. Although visual materials have the ability to make abstract thinking tangible, and thus make conceptual understanding possible, they are only procedural resources without understanding when employed independently with sound pedagogic practice. The interface between the two across different national settings is as yet unmapped. Second, research rarely questions the character of the visual support employed, the pedagogic purpose, and how it links up with curriculum outcomes (Renkl & Scheiter, 2017).
Another topic which is still not fully explored in the literature is teacher education and belief in developing implementation of visual support to measurement. Teachers' beliefs about visual learning, self-efficacy, and conceptual knowledge of visual pedagogies are critical in influencing classroom practice but are yet to be fully scrutinized in comparative cross-country research.
Measurement education research literature supports the cognitive benefits of visualization, wherein improved problem-solving and conceptualization are the outcomes from using students with diagrams, models, or graphically oriented tools. The findings are mostly based on studies in a single learning context with perhaps small samples or limited scope (Katsioloudis, 2010; Sein, 2022).
Comparative education studies have established universal differences across countries in mathematics instruction and curriculum, yet universal focus on the use of visual aids in teaching measurement is not common. There is little cross-national research that has generalizability to typical methods of teaching mathematics rather than the particular problem of teaching measurement with visual aid.
Research evidence on teachers' conceptions indicates that not only do the teachers' own beliefs, but also their professional development, have crucial roles in the uptake of visual instruments. Comparative data at national levels are scarce, especially between Spain and the U.S.
There is thus a pessimistic literature gap:
1. Cross-national comparison of practice and results on the use of visual assistance for measurement instruction.
2. Study on differential effect of use of visual support on accomplishment of measurement concept and procedure skill learning of students.
3. Study on teacher belief and training as predictors for integration of visual aids.
4. Investigation of mediating curriculum and cultural determinants that affect the efficacy of visual support in measurement education. 

Objectives
This study will cut across the research gaps with a close comparative examination of visual support teaching of measurement in the U.S. and Spain. The specific aims are:
· To record and compare the application of the nature of visual support materials applied in teaching measurement by Spanish and American teachers.
· To record the pedagogic processes that go into the application of visual support by the two countries.
· To identify student learning and engagement outcomes on measurement concept and procedure knowledge via the use of visual support.
· To examine teacher attitudes, preparation, and beliefs regarding using visual support for teaching measurement.
· To identify cultural, curriculum, and system variables that affect the enactment and power of using visual support to teach measurement.

Research Questions

The research is grounded in the following research questions:
· What are the most common types of visual support devices employed to teach measurement in the United States and Spain, and how are they differently applied?
· How do instructors in each country apply visual support in instruction of practice in instruction of measurement procedures and concepts?
· What are the impacts of visual support on the procedural skill and conceptual knowledge of students in measurement tasks in each country?
· How are the training, beliefs, and self-efficacy of instructors in implementing visual support connected to instructional strategies?
· How are educational environments, orientations toward mathematics learning and teaching, and education policy influencing the implementation of visual support in the assessment of instruction in the United States and Spain?

Method
The current study employed a comparative mixed-methods design to analyze the implementation of visual supports in measurement instruction in primary and lower secondary education in the United States and Spain. Systematic data were gathered from classrooms, teachers, and students in both nations, with standardized protocols and triangulated instruments being used to maximize depth, consistency, and comparability of results. The research was carried out with a view to transparence and reproducibility, hence it can be readily re-replicated or expanded upon by other researchers in the future in the same or different environments. Stratified purposeful sampling was employed to select participants to achieve demographic, geographical, as well as curricular diversity.
The population at risk included schools with children around 9 to 14 years old (U.S. grades 4 to 8, and their Spanish counterparts: Educación Primaria top cycle and 1º/2º ESO). Ten schools from each country were selected to provide an equal balance of urban and rural environments, public and private school systems, and socioeconomic backgrounds that varied. Two math teachers and their student classes in each country participated, 20 teachers and approximately 600 students per country, 1200 students altogether. Teachers were selected based on their teaching of measurement units during the year and for being willing to include observation and reflective elements in teaching. Data collection occurred across four months, during which the order of the curriculum when measurement concepts are customarily introduced or highlighted. 
These comprised classroom observations, collection of instructional materials and students' work samples, teacher interviews, and test administration of a normed measure pre- and post-instructional unit. All data were collected with participants' informed consent and full adherence to institutional review board (IRB) and GDPR regulations in both countries. Identifying information was de-identified and coded for participant confidentiality. To quantify the level of integration of visual support tools into instruction, the research team developed an extremely specialized observational protocol, the Visual Support Integration in Measurement Observation Rubric (VSIMOR).
The tool was developed to gain a measure of frequency and type of use of visual tool within real classroom practice. The VSIMOR consists of 15 indicators across four domains: instructional integration (e.g., explanation, demonstration, student interaction), pedagogical purpose (e.g., conceptual clarification, procedural support, assessment aid), type of visual support (e.g., diagrams, manipulatives, graphs, dynamic simulations), and student engagement (e.g., verbal reference, physical manipulation, interpretive responses). Each measure was rated on a 4-point scale from 0 (not seen) to 3 (heavy use), with space for open-ended qualitative comments. The rubric was piloted in three schools outside of the main sample in each country to establish interrater reliability and cultural sensitivity. Rater agreement exceeded 87% across categories after training, illustrating the reliability of the instrument. Observation periods took between 45–60 minutes and were repeated twice during the course of the measurement unit: once for an introductory lesson and once for a practice or application lesson. Trained observers, competent in educational research and cross-cultural protocols, observed in pairs to provide consistency and reduce observer bias. In total, 400 classroom observations were completed—200 in each country
At the same time, instructional materials and samples of student work were collected to review how visual supports were integrated into assignments, worksheets, and textbooks.
Teachers submitted paper and electronic copies of any material that was covered in the unit, and a stratified random sample of student responses was collected to represent a range of performance levels. A coding rubric was applied to each of these artifacts for classifying visual content by type, function, challenge, and alignment to curricular objectives. Work samples were also assessed for conceptual understanding and procedural fluency evidence on a rubric developed from previous research on representation and mathematics reasoning. Teacher perceptions were determined through semi-structured interviews that were administered at the conclusion of the measurement unit.
We conducted a 45-minute one-on-one interview with each teacher, in the teachers' first language and with bilingual researchers expert in cross-cultural qualitative interviewing. This interview protocol addressed their assumptions about visual learning, perceived benefits and limitations of visual supports, training and preparation in visual pedagogy, how teachers mapped to curriculum standards, and teacher reflection on student engagement and outcomes. Interviews were audio-recorded, transcribed verbatim, and translated as necessary; data were analyzed in NVivo. The data were reviewed independently by two coders, and differences were resolved by consensus and discussion. To examine student learning outcomes, a pretest-posttest design was used with a Measurement Proficiency Assessment (MPA) that was developed and validated by the research team.
The MPA consisted of 20 items with an equal split between conceptual and procedural domains. Conceptual items assessed understanding of measurement concepts (e.g., units, scales, conversion, estimation, error) and demanded written explanation, diagram reading, or visual modeling. Procedural items examined performance on measurement computations (e.g., perimeter, area, volume, unit conversion) with or without the support of visuals. The test was reviewed by mathematics education experts in both countries and pilot-tested in a small sample for validity and linguistic equivalence. The Cronbach's alpha of the final scale was above 0.88 in both languages. Students took the MPA twice, before and after the instructional unit, under controlled conditions, 60 minutes each time.
Tests were administered by trained proctors and used the same scripts in both countries. Answer sheets were anonymized and scored by blind raters who did not know country or school of origin. Questions were graded on a 3-point scale (0 = incorrect/no response, 1 = partially correct/partial, 2 = correct with explanation). A subsample of answers was double-coded to provide interrater reliability, which was above 90% on all measures. Descriptive statistics, t-tests, and ANOVA were employed to analyze aggregate scores by country, instructional approach, and use of visual supports. To examine the relationship between visual support and student learning more specifically, a regression analysis was conducted using the classroom-level variables from the observation data (i.e., frequency of use of the visual support, type of tool, level of interaction with students) and student-level MPA performance.
The analysis controlled for covariates (e.g., socioeconomic status, previous math achievement, teacher experience) to delineate the effect of the presence of visual support from the effect of these other variables on measurement learning. Regarding the preservation of cross-national comparability and methodological quality, several precautions were undertaken. 
First, bilingual, bicultural researchers experienced in both educational systems wrote all protocols and instruments. First, all scripts and interview instruments were translated and back-translated for conceptual and linguistic accuracy. Second, training sessions for observers and scorers were held in common and featured calibration exercises on sample data from both of the two countries. Third, data collection was scheduled across parallel curricular windows in order to keep the two groups of students equally exposed to material under the same time-of-day conditions. Finally, ethical practices were rigorously maintained during the research. All participants in the study (students, teachers, school administrators) were informed about the study's purpose, procedures, and confidentiality. Informed consent was requested from adult participants, while minor participants were asked for parental or guardian consent. Participation was voluntary, and the participants could withdraw at any time. The study was approved by institutional review boards at the top Spanish and U.S. universities.

Results
The following section reports the findings of the comparative study of measurement instruction with visual support in US and Spanish primary and lower secondary classrooms. The findings are organized to address directly the research questions and purposes set out in the introduction, based on data gathered from classroom observations, teacher interviews, instructional materials, and pupil achievement outcomes. Together, the findings give a sound impression of how the use of visual supports is implemented, perceived, and linked to student learning in both school environments. 
Comparative content analysis of classroom materials and classroom observations showed withering differences in the frequency and range of visual support materials in Spain and the United States. United States class priorities were computer simulations (virtual measuring games, online rulers), bar graphs, and pictorial worksheets. Spanish classes employed copious concrete manipulatives (geometric solids, measuring tapes) and models' drawings and whiteboard diagrams drawn by the teacher.
Quantitatively, Spanish lessons utilized visual supports in 89% of observed lessons, whereas 72% was the figure for U.S. classes. Furthermore, the degree of integration varied: Spanish teachers were more likely to use visual tools throughout the course of a lesson cycle—from introduction through guided practice to assessment—than were U.S. teachers, who were more likely to limit visual supports to specific tasks or to enrichment activities. On the VSIMOR rubric, Spanish overall score on visual support integration was significantly higher (M = 2.58) compared to that in the United States (M = 2.03), p < 0.01. 
Pedagogy to visual support also differed by setting. Spanish teachers employed visual supports in discussing and explaining concepts and classes more often. Instruction began with open activities using physical or drawn models (e.g., measuring length by estimating using string, measuring volume by filling a cube) that encouraged students to construct meaning through discussion. Teachers requested explanations of student answers in terms of visual images, and routinely linked abstract symbols to images.
US teachers, even while using visual supports, were procedural in their modeling. Bar models, for example, were used to represent problem-solving methods, but often without any link to the concept beneath. In interviews, it was discovered that US teachers considered visual supports to be add-ons and not part of teaching. Spanish teachers described visual supports as "bridges to understanding" and part of mathematics discourse.
Student engagement with visual materials mirrored instructional differences seen. Spanish students engaged physically with objects more, made their own charts, and utilized visuals in explanation of answers. Observational data showed that 78% of the Spanish students engaged hands-on with visual materials in class while 59% of the U.S. students did so.
Sample student work also reflected these patterns. Color diagrams, labeled drawings, and pictorial explanations were the norm in Spanish student work. Visuals were also present but were generally confined to pre-printed worksheets or computer printouts in the United States. Visual representations appeared spontaneously in open-ended responses from only 31% of U.S. students, as compared to 66% of Spanish students. 
Measurement Proficiency Assessment (MPA) analysis revealed that visual support had a quantifiable impact on the students' performance, particularly in conceptual understanding. Students from both nations, where there was high visual integration in the classroom, showed more pretest to posttest gain.
Spanish mean MPA scores improved from 22.4 (out of 40) at pretest to 32.1 at posttest, with a mean gain of 9.7 points. In the United States, scores rose from 21.7 to 28.9, a 7.2 point mean gain. Both increases were statistically significant (p < 0.001), though the size of the gain was greater in Spain. Decomposition revealed that conceptual items explained the great majority of this difference: students in Spain gained 5.8 points on conceptual items and 3.4 points in the United States.
Regression analysis also showed visual support frequency (as estimated from VSIMOR scores) to be a strong predictor of posttest scores with prior achievement and socioeconomic status controlled (B = 0.48, SE = 0.11, p < 0.001). It was so more with conceptual items than procedural items, as expected to demonstrate the hypothesis that visual aids promote understanding at depth.
Interviews revealed differences in teacher belief and training in observed practice. Spanish teachers indicated more comprehensive, systematic training in visual pedagogy through pre- and in-service courses. They indicated frequent workshops in representation strategy, and accessible, systematic visual materials. U.S. teachers indicated professional development in technology integration with less emphasis on visual reasoning itself.
There were also contrasts in belief about the utilization of visuals. Spanish teachers uniformly believed that visuals are key to math sense-making. As one teacher said, "Without a picture or model, students only memorize; they don't understand." The U.S. teachers viewed visuals as a way to help lower-achieving students or as an enrichment tool. This belief certainly influenced the quality and amount of visual tool use in the classroom.
We interviewed teachers and analyzed curriculum and encountered systemic effects on the practice of visual support. The Spanish national curriculum has a heavy emphasis on mathematics argumentation and provides stringent instruction on the use of visual models to represent measurement problems. Visual exercise problems and open exercises exist in textbooks. U.S. curricula were controlled by district and publisher, and textbooks were either heavy in visual content or heavy in the use of abstract exercise.
United States standard test pressures were widely criticized to restrict visual instruction. Teachers grumbled that visual activities consumed time but did not prepare students directly for test format. Spanish national tests do exist but contain items of diagram reading and model application, which require integration through the visual mode.

Discussion
Findings of this study contribute to the body of knowledge of visual support in math education, measurement in this instance. Findings concur with previous research, which has determined that visual representations—pictorial, concrete, or symbolic—have the potential to develop more solid conceptual knowledge and provide access for diverse learners. The contrast between the Spanish and U.S. examples shows how pedagogical and systemic contexts condition the success of visual integration (Wu & Li, 2019).
Earlier studies have already determined that the use of visual aids can span the gap between existing knowledge and abstract concepts for students, especially those subject areas that require spatial awareness and. What our findings substantiate is this same effect, specifically as it concerns the heightened conceptual understanding observed from Spanish students who were exposed to visual aids on a consistent basis. This is in agreement with Arthur-Kelly (2009), who argued that classroom settings are particularly ripe for the cultivation of mathematical thinking as practical, visual, and discursive. 
Note that among the key contributions of this study is cross-national perspective. Despite single-country case studies being the rule in most literature, our comparison confirms that visual practices are neither done in the same way nor necessarily everywhere, and that they are neither equally effective in every cultural-educational setting. Spanish teachers' disciplined use of visuals, pedagogical structuring that does not vary, and curriculum integration distinguish them from the more fragmented and even sometimes marginal use of visuals in U.S. teaching. This is consistent with Brown et al. (2013) argument that pedagogical practice is embedded in national policy, curriculum systems, and in teacher education.
Also, our results are consistent with Cohen & Demchak (2018), who found that procedural fluency is privileged over representational variety in U.S. math instruction. This was reflected in our study through the low occurrence of visuals for open exploration and pupils' reasoning in the U.S. sample. Spanish teaching is more aligned with Hayes et al. (2010) and Realistic Mathematics Education (RME) practices, where visual and contextual models are employed to anchor student knowledge in realistic contexts.
Our results on teacher beliefs also support existing research describing the impact of teacher attitude and training on classroom practice. Spanish math teachers' dedication to the visual precedence of mathematical thinking was associated with more incorporation and long-term use of visual tools. By comparison, U.S. teachers' tendency to assign visuals to secondary or remedial roles limited the degree of integration. These findings call for teacher education programs to bring visual reasoning to the center of math pedagogy (Mrstik et al., 2018; Sein, 2022).
Regression analysis also supports the dual-coding theory of Katsioloudis (2010) for math, where activating both verbal and visual-spatial reasoning would lead to stronger learning. Students receiving ongoing visual support gained greater gains in comprehension even when covarying for background variables, thereby testifying to the images not being supports but rather cognitive scaffolding that enables mathematical comprehension.
Finally, do not underestimate the influence of curriculum and assessment policy. The emphasis of the Spanish curriculum on visual reasoning and the fact that it is examined at the national level provide explicit incentives for teachers to devote time to visual pedagogy. In contrast, the anxieties of U.S. teachers about alignment to tests and time demands are echoed in earlier work by Manitsa & Doikou (2022) on the narrowing effect of testing. This implies that for visual pedagogy to be entrenched, systemic support in the form of policy and curriculum alignment must be in place.

Conclusions
The purpose of this study was to examine the use of visual support to teach and learn measurement at primary and lower secondary levels, comparing United States and Spanish practice. Using the multi-method strategy of classroom observation, teacher interview, instructional materials analysis, and student achievement data, this study enlightened us with some significant findings and introduced us to some insightful views concerning pedagogical, cultural, and systemic dimensions of the use of visual support.
Strongest among the results of this study is that there is a positive relationship between pedagogically coherent, coherent use of visual support tools and students' conceptual understanding of measurement. Spanish classrooms using more coherently used visual tools in configurations within lessons and curriculum requirements showed significantly higher achievement gains in conceptual learning outcomes than U.S. classrooms. This is complemented by research that exists, which previously has been one of the supporters of the employment of pictorial models as a way to ease interaction between mathematical abstractions and students' everyday lives (Arcavi, 2003; Lesh et al., 1987).
The study adds to the literature because it shows that the visual support payoff potential is most fulfilled whenever such tools are applied not as secondary support but as pedagogic basics. In Spain, the theoretical stance of the visuals—discovery aids, discussion starters, and construction facilitators—enabled students to work on mathematics more assertively. Students' process of constructing and working with their own visual objects was extremely powerful in recall and understanding. The American sample, while yielding positive effects, indicated that later process or surface-level uses of the visuals were not as yielding as the first time. These findings are consistent with the Realistic Mathematics Education (RME) theory as well as other constructivist pedagogies involving active meaning construction.
It also specifies that teachers' beliefs and training play an important role in deciding whether or not to use visual supports in the classroom. The Spaniard math teachers' awareness of the primacy of visual representation in math meaning definition, clearly facilitated by stricter teacher training programs and curriculum alignment, is contrasted with U.S. teachers' views toward visual accommodations as add-on or outright remedial. That is one part of the requirement to prepare teachers not merely with technical proficiency in employing visual technologies but also with pedagogical theory that informs and warrants their employment. Preservice teacher education classes must integrate strands in visual reasoning, spatial thinking, and fluency of representation, then, if visualizations are going to be employed constructively in the mathematics classroom.
A second general conclusion is that education policy and curriculum standards play a determinate role in launching and being accountable for visual pedagogy. The intentional focus of the Spanish national curriculum on reasoning, modeling, and visual representation guarantees consistency between instructional goals, assessment modes, and instructional approaches. In contrast, the United States' decentralized, test-driven system itself is problems and possibilities for change. Though a handful of U.S. districts and schools do and are able to use state-of-the-art visual strategies, others remain constrained by outdated test formats and lockstep pacing guides. To enable visual support to flourish under any education system, policy makers must reform coherence among instructional materials, assessments, and standards.
Methodologically, the study makes the case for the affordances of mixed-methods research in studying deep educational phenomena. Quantitative results of the Measurement Proficiency Assessment provided statistically significant gains attributed to visual integration, while qualitative results provided rich contextual understanding on the how and why gains were achieved. Combining them allowed for more nuanced conceptualization of the interplay among approaches to teaching, student engagement, and conditions of practice.
In terms of application, this study has several recommendations. First and foremost, teachers should be supported to move beyond merely displaying pictures to the employment of pictures as an explanatory device, a questioning tool, and a source of discussion. Teachers must be ready through professional learning experiences to have a deeper appreciation for how different visual representations (like bar models, number lines, diagrams) are employed to induce different forms of mathematical thought. Second, curriculum authors must ensure not just the inclusion of visual activities but their intentional positioning within instruction sequences with a logical flow from the concrete to the abstract representation. Third, test authors must incorporate items on interpretation and use of visual models, thereby sending the message to teachers and students of the primacy of visual reasoning.
For researchers, the study suggests some of the possible lines of research of the future. Longitudinal studies would seek to what extent early visual support influences later mathematical performance, especially in mathematical areas like geometry, algebra, and data analysis. Comparisons across other nations and cultures would also guide factors within the system that facilitate or hinder visual embedding. Moreover, studies have to be conducted to test the combination of visual support with other variables such as language profile, neurodiversity, and technology fluency, especially in more diverse and tech-savvy classrooms. The study has important equity implications.
Visual supports are potent equity levers for closing linguistic and cognitive gaps that can make mathematics concepts more transferable for multilingual students and learners with diverse learning profiles. But to make good on this promise, visuals need to be used inclusively and systematically. Single or poorly scaffolded visuals confuse rather than clarify. Equity-oriented curriculum design and teacher learning thus need to emphasize the inclusive power of visual representation and teach about culturally responsive and linguistically equitable enactment.

Referências
ARTHUR-KAELLY, M. Issues in the use of visual supports to promote communication in individuals with autism spectrum disorder. Disability and Rehabilitation, v. 31, n. 18, p. 1474-1486, 2009. DOI: 10.1080/09638280802590629.
BROWN, C. M.; PACKER, T. L.; PASSMORE, A. Adequacy of the regular early education classroom environment for students with visual impairment. The Journal of Special Education, v. 46, n. 4, p. 223-232, 2013. DOI: 10.1177/002246691039737.
COHEN, A.; DEMCHAK, M. Use of visual supports to increase task independence in students with severe disabilities in inclusive educational settings. Education and Training in Autism and Developmental Disabilities, v. 53, n. 1, p. 84-99, 2018.
HAYES, G. R. et al. Interactive visual supports for children with autism. Personal and Ubiquitous Computing, v. 14, n. 7, p. 663-680, 2010.
KATSIOLOUDIS, P. Identification of Quality Visual-Based Learning Material for Technology Education. Journal of Industrial Teacher Education, v. 47, n. 1, p. 70-98, 2010.
MANITSA, I.; DOIKOU, M. Social support for students with visual impairments in educational institutions: An integrative literature review. British Journal of Visual Impairment, v. 40, n. 1, p. 29-47, 2022. DOI: 10.1177/0264619620941885.
MRSTIK, S. L.; VASQUEZ, E.; PEARL, C. The effects of mentor instruction on teaching visual supports to novice, special education teachers. International Journal of Instruction, v. 11, n. 1, p. 411-424, 2018.
RENKL, A.; SCHEITER, K. Studying visual displays: How to instructionally support learning. Educational Psychology Review, v. 29, n. 3, p. 599-621, 2017.
SEIN, N. A. Enhancing the Educational Environment: Improving Student Outcome Using Visual Supports. PANDION: The Osprey Journal of Research and Ideas, v. 3, n. 1, p. 7, 2022.
SOLANO-FLORES, G. et al. Developing testing accommodations for English language learners: Illustrations as visual supports for item accessibility. Educational Assessment, v. 19, n. 4, p. 267-283, 2014. DOI: 10.1080/10627197.2014.964116.
WU, C. M.; LI, P. The visual aesthetics measurement on interface design education. Journal of the Society for Information Display, v. 27, n. 3, p. 138-146, 2019. DOI: 10.1002/jsid.751.




 Revista Baiana de Educação Matemática, v. 06, p. 01-16, e202530, jan./dez., 2025. e-ISSN 2675-5246.
Submetido em 14/09/2025, Aprovado em 24/12/2025, Publicado em 24/12/2025.


image2.png




image1.png




image3.jpg
Educacao
Matematica
Debate




image4.jpeg
Educacao
Matematica
Debate




image4.jpg
BEM & 2 F
% ) = M) g’z gngA

REVISTA BAIANA DE EDUCAGAD MATEMATICA S Ramcny




image5.jpg
RBEEM & 2. F
[N\ Z M UNLB ?TPGESA INSTITUTO

" 2 Sertao Pernambucano
REVISTA BAIANA DE EDUCAGAD MATEMATICA




image6.jpeg
RBEEM & 2. F
[N\ Z M UNLB ?TPGESA INSTITUTO

" 2 Sertao Pernambucano
REVISTA BAIANA DE EDUCAGAD MATEMATICA




image5.png




image9.png




