
 
 

EISSN 1658-9785
ISSN 1658-970X

المجلد 4 | العدد 1 | يناير – إبريل | 2026

Volume 4 | Issue 1 | Jan. - April 2026

EISSN 1658-9785
ISSN 1658-970X

المجلد 4 | العدد 1 | يناير – إبريل | 2026

Volume 4 | Issue 1 | Jan. - April 2026



1

14

29

47

62

75

89

105

فهرس المحتويات

العربية في أدبيات دراسات الترجمة: دراسة بيبليومترية للفترة من 2000-2024 

محمد علي محسن، جامعة قطر

مدى تضمين الأنشطة التعليمية لأنماط الذكاءات المتعددة في كتب العلوم للصف 
الرابع الابتدائي في المملكة العربية السعودية 

رنا بنت غازي العتيبي، جبر بن محمد الجبر، جامعة الملك سعود

مدى وعي المجتمع السعودي بتطبيقات الحكومة الإلكترونية: دراسة وصفية تحليلية 

علياء إبراهيم أحمد، حنان خالد العنزي، دانه عادل  بو بشيت، رغد علي السعيد، جوان جمال 

العديلي، غادة  عثمان الغامدي، جامعة الإمام عبد الرحمن بن فيصل

تنمية الوعي بالقضايا المرتبطة بأنماط الخدمات اللوجستية لدى طلبة البكالوريوس 
بجامعة البريمي في سلطنة عُمان: دراسة حالة نوعية

منى بنت راشد النعيمية، وزارة التربية والتعليم بسلطنة عٌمان، فهد بن علي العميري، جامعة 

أم القرى

الشخصية التراثية في المسرح السعودي " المرجعية والأبعاد " قراءة في نماذج من 
المسرحيّات السعودية

مشاعل بنت علي العكلي، جامعة الإمام عبد الرحمن بن فيصل

معدلات انتشار اضطراب الشخصية التجنبية لدى طلبة الجامعات السعودية في ضوء 
بعض المتغيرات: دراسة وصفية مقارنة 

علي بن عبد الله آل فرحان، جامعة الإمام محمد بن سعود

The Concept of Reasonable Expectation in Personal Data Protection 
Law: A Comparative Analytical Study
Ahmed M. Bamashmoos, Saudi Electronic University

Spatial Intelligence: Using Tangrams to Assess and Identify Gifted 
Students in the Spatial Analytical Intelligence Domain 
Omar M. Muammar,  Imam Abdulrahman Bin Faisal University



Spatial Intelligence: Using Tangrams to Assess and Identify Gifted Students in the Spatial 
Analytical Intelligence Domain

الذكاء المكاني: استخدام قطع التانجرام لتقييم واكتشاف الطلبة الموهوبين في مجال الذكاء المكاني التحليلي

النشر: 2026.1.1القبول: 2025.10.12الاستلام: 2025.8.20

عمر محمد معمر

أستاذ بكلية التربية ،
جامعة الإمام عبد الرحمن بن فيصل

Omar M. Muammar,

Professor at the College of Education,
Imam Abdulrahman Bin Faisal University

https://orcid.org/0000-0002-5774-7477

Suggested Citation: Muammar, Omar. (2026). Spatial Intelligence: Using Tangrams to Assess and Identify Gifted Students in the Spatial 

Analytical Intelligence Domain. Journal of IAU Educational and Humanities science, 4(1), 105 -123. 

DOI:10.65081/2653-004-001-008

ABSTRACT

Spatial intelligence is a critical cognitive competency for success in STEM fields; however, few validated assessment methods exist to 

identify gifted students’ spatial abilities (Andersen, 2014; Stumpf et al., 2013). This study examined the validity of the Spatial Analytical 

Assessment (SAA) within the Discovering Intellectual Strengths Capabilities while Observing Varied Ethnic Responses (DISCOVER) project 

to enhance the identification of gifted students and to support debriefing sessions about spatial analytical abilities. Participants included 

3,434 students in Grades K–12 from diverse ethnic backgrounds, with Native American students representing the majority of the sample. 

Results indicated that different SAA activities tapped distinct aspects of spatial cognitive ability and that the internal structure of the SAA 

demonstrated high consistency across problem types, item complexity, and grade levels. Nonetheless, the disproportionate representation 

of ethnic groups limited the generalizability of the findings to the wider student population. Overall, the SAA was found to capture the 

multidimensional nature of spatial analytical ability, and a revised order of puzzle pages across grade categories was proposed. Future 

research should focus on improving the psychometric properties of the SAA through more demographically balanced sampling and 

refined calibration of item difficulty.

Keywords: : Spatial intelligence, Discover, Identification of gifted, Stem talent

الملخص:

تُعَــدّ القــدرة المكانيــة مــن الكفــاءات العقليــة الأساســية للنجــاح فــي مجــالات العلــوم والتقنيــة والهندســة والرياضيــات )STEM(، إلا أنّ هنــاك نــدرة فــي أدوات القيــاس 
المُعتمــدة؛ للتحقّــق مــن قــدرات الطلبــة الموهوبيــن المكانيــة، مــن هنــا هدفــت هــذه الدراســة إلــى فحــص صــدق مقيــاس القــدرة المكانيــة ضمــن مشــروع اكتشــاف 
ــات الاكتشــاف،  ــك بهــدف تحســين عملي ــة )DISCOVER Project(؛ وذل ــة مختلف ــات عرقي ــة للطــاب مــن خلفي ــاء ملاحظــة الاســتجابات المتنوع ــة أثن ــدرات الفكري الق
والتعــرّف علــى الطلبــة الموهوبيــن، وتعزيــز جلســات التقييــم، واتخــاذ القــرار للمحكّميــن حــول القــدرات المكانيــة التحليليــة للطلبــة. وقــد شــملت العينــة )3434( طالبًــا 
ينتمــون إلــى خلفيــات عرقيــة متعــددة مــن الصفــوف الدراســي  )K–12( ، وكان غالبيتهــم مــن الطــاب الأمريكييــن الأصلييــن. واعتمــد البحــث المنهــج الكمــيّ الوصفــي 
الارتباطــي؛  للتحقّــق مــن صــدق مقيــاس الــذكاء المكانــي التحليلــي. وأظهــرت النتائــج أنّ أنشــطة مقيــاس القــدرة المكانيــة تقيــس أبعــادًا مختلفــة مــن القــدرات المكانيــة، 
كمــا أظهــرت البنيــة الداخليــة للمقيــاس درجــة عاليــة مــن الاتســاق مــع أنــواع المشــكلات، ومســتويات التعقيــد، والمجموعــات العمريــة المختلفــة، إلا أنّ التمثيــل غيــر 
المتــوازن للمجموعــات العرقيــة حــدّ مــن إمكانيــة تعميــم النتائــج علــى مجتمــع الطــاب بشــكل عــام. وبنــاء علــى مــا توصّلــت إليــه الدراســة مــن نتائــج أوصــت بضــرورة 
ترتيــب صفحــات الألغــاز عبــر الفئــات العمريــة والصفيــة المختلفــة  ترتيبًــا مُنقحًــا، إضافــة لأهميــة إجــراء المزيــد مــن البحــوث لتحســين الخصائــص الســيكومترية للمقيــاس 

مــن خــال عينــات أكثــر توازنًــا ديموغرافيًــا، ومعايــرة أدقّ لمســتويات صعوبــة البنــود.

الكلمات المفتاحية: الذكاء المكاني، برنامج DISCOVER، اكتشاف الموهبة، العلوم والهندسة والرياضيات والتكنولوجيا
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1. Introduction
While spatial intelligence is an essential cognitive 
competency for success in Science, Technology, 
Engineering, and Mathematics (STEM) fields, very 
few assessment methods have been developed and 
validated to measure and identify gifted students’ 
spatial analytical talents (Andersen, 2014; Aprile et 
al., 2020; Kell & Lubinski, 2013; del Cerro & Méndez, 
2021). A review of the literature shows empirical 
evidence supporting the correlation between STEM 
performance and spatial intelligence (Buckley et al., 
2018; Kell & Lubinski, 2013). Furthermore, spatial 
ability has demonstrated predictive validity for future 
performance in STEM fields (Berkowitz & Stern, 2018). 
STEM education is crucial for economic development 
in the knowledge-based era. Although many countries 
consider STEM fields to be a national priority, spatial 
intelligence—despite its role as a predictor of STEM 
talent—is rarely measured, if not entirely neglected, in 
talent search programs (Andersen, 2014; Kell & Lubinski, 
2013; Stumpf et al., 2013). Spatial intelligence enables 
gifted students to develop the scientific and artistic 
thinking used by engineers in various fields such as 
mechanical, civil, biomedical, design, architecture, and 
computer engineering. This ability enables students to 
conceptualize and construct spatial models, analyze 
geometric objects, interpret diagrams, and identify 
functions, among other skills (del Cerro & Méndez, 
2021, p. 1). Even though spatial intelligence is a critical 
component of analytical and creative thinking in STEM, 
very limited research has investigated the validity of 
assessments related to this cognitive construct (Maker, 
2020; Yoon et al., 2023).
A high level of spatial ability has been linked not 
only to the arts but also to science, mathematics, and 
technology (Kell & Lubinski, 2013; Kozhevnikov et al., 
2013). Students with high spatial ability are able to 
create mental representations of complex problems, 
then analyze those representations and manipulate 
them mentally for creative production (Trickett & 
Trafton, 2007). The capabilities of Einstein, as well as 
those of many scientists and engineers across different 
eras, cannot be fully explained without understanding 
spatial intelligence. Even though spatial intelligence is 
not a strong predictor of school success, it plays a vital 

role in many scientific and creative accomplishments 
(Maker, 2020; Das et al., 1994; Gardner, 1983; 
Humphreys & Lubinski, 1996; Lohman, 1996). Spatial 
intelligence is a crucial cognitive ability that involves the 
understanding and manipulation of visual and spatial 
information, both of which contribute to scientific 
reasoning and creativity (Carroll, 1993). Accurately 
assessing spatial intelligence is essential for identifying 
individuals’ strengths and weaknesses in this cognitive 
domain. One effective and widely used tool for 
assessing spatial analytical intelligence is the tangram 
puzzle, as employed in the DISCOVER assessment 
project. The tangram puzzle has been used for centuries 
as a measure of spatial intelligence. Its historical 
significance and widespread application provide a 
strong foundation for validating its effectiveness 
in assessing this cognitive ability (Renavitasari & 
Supianto, 2018). Tangram puzzles require individuals 
to mentally manipulate geometric shapes to form 
specific spatial patterns (Ayaz et al., 2012; Kmetová & 
Nagyová, 2021). This directly assesses spatial reasoning 
skills such as mental rotation, visualization, and spatial 
analytical perception, which are key components of 
spatial intelligence. In using tangram puzzles, the 
assessment aligns with real-world spatial analytical 
tasks, enhancing its ecological validity. Moreover, 
tangram puzzles are culturally unbiased, as they do 
not rely on specific cultural knowledge or language 
proficiency. When applied appropriately, they serve as 
valuable tools for assessing spatial intelligence.
In the spatial analytical intelligence activities of the 
DISCOVER assessment project, a series of problems 
varying in complexity and required thinking processes 
are presented to students using tangram puzzles. Early 
research showed that the problems in this assessment 
were appropriately ordered, with puzzles arranged 
from the easiest to the most difficult in the booklet 
(Maker, 2001; Sarouphim, 2000). However, subsequent 
observers questioned the order of the puzzle pages 
based on their observations of the time required for 
students to progress through the booklet. This issue is 
important for the validity of the assessment (Maker, 
2020). Another important psychometric aspect of this 
assessment is the way in which different problems are 
clustered and organized to present varying levels of 
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challenge to examinees. For example, to what extent 
do the different problems used in this assessment 
measure distinct cognitive competencies and abilities? 
Do the problems reflect varying levels of difficulty 
and complexity? What are the best practices for using 
such puzzles to assess spatial analytical intelligence 
effectively?
Furthermore, after several years of using tangram 
puzzles in the spatial analytical intelligence assessment, 
a substantial amount of data has accumulated in the 
DISCOVER database. These data can be analyzed to 
support the identification of spatially gifted students. 
This gap in the research is the focus of the current 
study. The author aims to validate a spatial analytical 
intelligence assessment using tangram puzzles to 
identify gifted students and support STEM education 
as part of the DISCOVER project.

2. Theoretical Framework
The assessment of spatial ability began in the early 
1900s with the development of traditional forms of 
intelligence tests (Humphreys & Lubinski, 1996). From 
the first intelligence test devised by Binet and Simon 
to the present day, spatial ability items have been 
included in most Intelligence Quotient (IQ) tests. For 
example, the Wechsler Adult Intelligence Scale–Fourth 
Edition (WAIS-IV), the Stanford-Binet Intelligence Scale, 
the Universal Nonverbal Intelligence Test (UNIT), and 
Raven’s Progressive Matrices all contain multiple items 
designed to assess spatial ability (Sattler, 2001). The 
Wechsler, Binet, and McCarthy scales measure cognitive 
processes through nonverbal spatial tasks (Das et al., 
1994). Researchers studying individual differences 
have noted that factorial studies of spatial ability 
demonstrate that spatial tests are strong indicators of 
general intelligence, or the “g” factor (Lohman, 1979; 
Jensen, 1993). Most IQ tests that contain nonverbal 
spatial items aim to measure general intelligence 
by combining these items with others, rather than 
measuring spatial ability as a separate construct.
Historically, spatial ability as a distinct factor in human 
intelligence was described early in the 20th century. For 
much of that century, intelligence testing was dominated 
by the concept of a general intelligence factor, or 
“g,” until Thurstone introduced his multidimensional 

theory of intelligence (Andersen, 2014). In Thurstone’s 
theory, human intelligence consists of several primary 
mental abilities, one of which is spatial ability. Later, 
in 1938, Thurstone acknowledged the existence of 
the “g” factor; since then, spatial ability has been 
included in most intelligence theories, although it 
is often considered a secondary-level human ability 
(Chen & Siegler, 2000). Toward the end of the 20th 
century, spatial ability regained a more prominent role 
in theories of intelligence when Gardner (1983, 1993, 
1999) developed the theory of multiple intelligences. 
Gardner identified eight types of intelligence: linguistic, 
spatial, musical, logical–mathematical, interpersonal, 
intrapersonal, bodily–kinesthetic, and naturalist. He 
further distinguished between two forms of spatial 
intelligence: spatial–artistic and spatial–analytical.
Spatial intelligence has been thoroughly studied 
in explicit theories of intelligence, including both 
differential and cognitive processing theories. 
From the differential theory perspective, Lohman 
(1996) concluded that spatial ability includes several 
components: visualization ability (i.e., the capacity to 
manipulate visual patterns successfully regardless of 
task speed), speeded rotation (the speed of mentally 
manipulating, transforming, and rotating objects), 
closure speed (the speed of identifying novel visual 
patterns), closure flexibility (the ability to find and 
identify novel visual patterns), and perceptual speed 
(the ability to quickly recognize known visual patterns 
or accurately compare multiple patterns). All of these 
cognitive processes are involved in solving tangram 
puzzles.
From the cognitive theorist’s perspective, spatial 
intelligence includes three cognitive processes: 
encoding, transformation, and reproduction of 
visual images (Gardner, 1983; Lohman, 1996). Thus, 
individual differences in spatial ability may be related 
to these processes. However, Lohman (1996) noted that 
research in cognitive psychology does not explicitly 
address the sources of individual differences in spatial 
processing. He referred to four hypotheses that might 
explain such differences: (a) speed in performing 
analog transformations or mental rotations, (b) skill 
in generating mental representations that preserve 
configural information, (c) the amount of visual–
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spatial information that can be maintained in working 
memory, and (d) the flexibility of strategies available 
for solving such tasks (as cited in Dennis & Tapsfield, 
1996).
The diversity of definitions surrounding spatial 
intelligence has led to disagreement about how it 
should be defined. Carroll (1993) defined spatial 
ability as “an ability in manipulating visual patterns as 
indicated by level of difficulty and complexity in visual 
stimulus materials that can be handled successfully, 
without regard to the speed of task solution” (p. 362). 
Lohman (1996) described it as “the ability to generate, 
retain, retrieve, and transform visual images” (p. 
98). Carroll’s definition emphasizes outcomes and 
performance, irrespective of processing speed, whereas 
Lohman’s focuses on underlying cognitive functions 
and processes.
In Gardner’s (1993) view, both the cognitive processes 
and their outcomes are essential in assessing spatial 
intelligence. He defined it as “the capacity to perceive 
the visual world accurately, to perform transformations 
and modifications upon one’s initial perceptions, and to 
be able to re-create aspects of one’s visual experience” 
(p. 173). Gardner’s (1983, 1993) definition captures both 
internal processing and external performance, as well 
as the domain specificity of spatial intelligence, which 
he divides into spatial–artistic and spatial–analytical 
components.
More specifically, Gardner posited that spatial abilities 
are not identical across individuals. For example, a 
person may possess a strong ability to perceive and 
mentally manipulate visual images but may lack 
the capacity to re-create those perceptions through 
drawing or construction. Consequently, Gardner (1983) 
emphasized the existence of subcomponent abilities 
within each type of intelligence, including both 
divergent and convergent thinking skills.
In the present study, the DISCOVER project defines 
spatial analytical ability [SAA] as “skills involving seeing 
how things fit together visually and in space through 
mental images, on paper, and in physical objects or 
forms” (Maker, 2020).
Assessment of Spatial Ability
Spatial ability can be measured using various item 

formats, including performance-based assessments, 
paper-and-pencil tests, and individually administered 
oral tests such as the Wechsler Scales and the Stanford-
Binet. More recently, computerized forms of spatial 
tests have become available (del Cerro & Méndez, 
2021). Items measuring nonverbal performance were 
among the earliest testing methods and are still used in 
contemporary intelligence assessments (Gardner, 1983; 
Lohman, 1996).
The advantages of performance-based assessment 
(PBA) include the following: (a) PBA reduces the 
anxiety often associated with paper-and-pencil tests; 
(b) it provides a calming context that minimizes test 
anxiety; and (c) it uses methods closely aligned with 
teaching and learning processes, allowing examinees 
to demonstrate their competencies with high levels 
of motivation. In addition, examinees are engaged in 
real-life problem-solving situations that reflect their 
competencies in both process and product (Miller & 
Miller, 2000; Sarouphim, 2001).
Consistent with new paradigms of intelligence proposed 
by Feldman (1991)—in which giftedness is understood 
to take multiple forms and to be identified through 
performance rather than standardized testing—
spatial intelligence is assessed using a contemporary 
performance-based measure known as Discovering 
Intellectual Strengths and Capabilities While Observing 
Varied Ethnic Responses (DISCOVER). Spatial analytical 
intelligence is one of the several domains measured by 
DISCOVER. The DISCOVER Spatial Analytical Assessment 
(SAA) was developed to identify gifted students and to 
assess the cognitive strengths of all learners, drawing 
upon Gardner’s (1993) theory of multiple intelligences 
and Sternberg’s triarchic theory of intelligence 
(Sternberg, 1997). Students’ performance on the SAA 
is the focus of the current study.
Spatial Analytical Assessment in DISCOVER
The DISCOVER assessment measures individuals’ 
problem-solving abilities across various domains of 
intelligence (Maker, 2020). From a psychometric 
standpoint, the definition of superior ability depends 
largely on one’s beliefs about the nature of giftedness. 
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In designing the DISCOVER assessment, Maker (1996) 
defined giftedness or high competence as “the ability to 
solve the most complex problems in the most efficient, 
elegant, effective, or economical ways” (p. 44). Maker 
drew upon a problem continuum derived from the 
work of Getzels and Csikszentmihalyi (1967, 1976) as a 
framework for developing a series of problem situations 
that require diverse intellectual competencies. Maker 
(2001) asserted that “the emphasis on problem solving 
was perceived as an important way to access the 
abilities of students from at-risk populations. When 
testing a student’s knowledge, often we are assessing 
exposure, not the ability to learn the information” (p. 
235). From a cognitive psychology standpoint, students 
who are able to learn and produce promising results are 
driven by unique cognitive representations, where the 
scope of problem solving becomes a critical gateway 
to a student’s abilities—particularly when tasks vary in 
structure and difficulty (Edens and Potter, 2008; Domin 
& Bodner, 2012; Álvarez et al., 2020). Unlike traditional 
IQ tests, the DISCOVER assessment is based on the belief 
that the evaluation of problem-solving competencies 
stimulates both convergent and divergent thinking 
(Maker, 2004).
The assessment of spatial analytical intelligence for 
gifted students within the DISCOVER project has been 
in place for nearly four decades. Students participating 
in the DISCOVER assessment engage in a spatial 
analytical problem-solving session using tangram 
pieces. Following each assessment, a debriefing 
session is conducted during which observers complete 
a behavioral checklist. This checklist, developed 
during the initial research phase of the DISCOVER 
project, documents observable behaviors of high-
level problem solvers and the characteristics of their 
constructed products. For example, within the spatial 
analytical component of the checklist, behaviors such 
as “sees which pieces will complete a puzzle without 
manipulating them,” “makes initial shape in a visual 
way,” and “sees how to substitute pieces for others 
to make same shapes or puzzles” are typical of 
superior problem solvers. The checklist also includes 
characteristics of their products, such as “makes many 
constructions and uses many pieces to make the initial 

shape” (Maker, 2020).
After completing the checklists, observers and the 
assessment leader discuss each student’s performance, 
using the behavioral checklists and students’ products 
as guides. Students are then assigned a rating for each 
activity based on the quality of their performance. A 
five-level rating scale is used to distinguish students’ 
competencies in each domain of intelligence. In 
addition, a special rating—referred to as a “redo”—is 
assigned when a student is unable to complete a task 
due to external or emotional factors. For instance, a 
student may experience exceptional emotional distress 
or be called out of the room; in such cases, both the 
teacher and the observer may agree that the task 
should be rescheduled. This student is then given a 
“redo” for that specific portion of the assessment.
Although interest has grown in performance-
based assessments such as DISCOVER—as promising 
alternatives to standardized IQ tests for identifying 
gifted students—their psychometric properties require 
further investigation. Since the development of the 
spatial analytical intelligence assessment, a number 
of studies have been conducted to examine several of 
its aspects. However, while many research paradigms 
have been developed to assess spatial intelligence, 
limited research has been conducted to validate these 
assessments (Aprile et al., 2020; Maker, 2020).

3. Purpose of the Study
The purpose of the current study is to provide useful 
information for improving decision-making regarding 
the assessment of students’ spatial analytical intelligence 
using tangram-based tasks. This is accomplished by 
analyzing data collected over several years from the 
DISCOVER project. Specifically, the author aims to 
determine evidence-based recommendations for 
structuring the assessment using tangrams and to 
provide guidance on the psychometric properties of 
this type of assessment.
The following research questions guided the current 
study:
1. How does the number of pieces used in initial puzzle 
configurations (ill-defined problems) relate to students’ 
performance on spatial analytical intelligence tasks 
(well-defined problems) across grade categories?
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2. What are the psychometric properties (including 
item difficulty and performance patterns) of spatial 
analytical intelligence puzzles across grade categories, 
and how do these properties vary by task complexity 
and time on task?

4. Method
This study employed a quantitative, descriptive–
correlational research design with an item analysis 
component. The research was non-experimental, as no 
variables were manipulated; instead, existing student 
performance data from the DISCOVER project were 
analyzed. Descriptive statistics (means and standard 
deviations) were used to examine the psychometric 
properties of the SAA items, including puzzle 
complexity, puzzle completion rates, and time on task 
across grade levels.
Correlational analyses were conducted to determine 
the relationships between task complexity (i.e., 
the number of pieces used in the initial shape—an 
ill-structured problem) and performance on other 
items (the number of puzzle pages completed—well-
structured problems). In addition, item difficulty 
indices were calculated based on time-to-completion 
and performance across groups, providing evidence 
of construct validity and developmental trends in the 
spatial analytical intelligence assessment.

Participants
Male and female students from kindergarten through 
Grade 11 in various school districts across Arizona 
participated in this study. The total sample consisted 
of 3,434 students from 128 classrooms, including 
560 kindergarten students, 2,066 elementary school 
students (Grades 1–5), 581 middle school students 
(Grades 6–8), and 277 high school students (Grades 
9–11).
Participants represented diverse ethnic backgrounds, 
including Caucasian American, Black American, 
Hispanic, Native American, and Asian American 
students. Although the exact number of participants 
from each ethnic group could not be determined, the 
percentage distribution in the participating schools and 
districts reflected these backgrounds. According to the 
DISCOVER project, the approximate ethnic composition 
of the sample was as follows: 12% Caucasian American, 

5% Black American, 23% Hispanic, 59% Native 
American, and 1% Asian American (Maker, 2020).

Instrument
The SAA is conducted as part of the DISCOVER 
project within regular classroom settings. Students 
are provided with sets of tangram pieces, including 
six large triangles, three medium triangles, six small 
triangles, three parallelograms, and three squares. 
Four to five students are assigned to one observer. 
General instructions are delivered to all students by 
the teacher, while basic spatial tasks are demonstrated 
simultaneously by each observer (Maker, 2020).
Students are then asked to complete a set of preliminary 
activities, using the tangram pieces to create various 
shapes. These tasks are designed to help students 
become familiar with the materials and develop the 
foundational skills necessary for the assessment. 
Following the practice session, students engage in an 
open-ended activity in which they are instructed to 
construct a given shape using as many tangram pieces 
as possible.
Once time is called for the open-ended task, students 
receive a booklet containing six structured puzzle 
pages. They are instructed to solve the puzzles using 
the tangram pieces. Observers record the time each 
student takes to complete each page before prompting 
them to proceed to the next. The puzzles are arranged 
in what the developers believed to be an order of 
increasing difficulty—from easiest to most challenging. 
If a student completes all six puzzles before the allotted 
time ends, they may choose to complete an additional 
“challenge” page.
Four different booklets are used for four grade-
level groups: K–2, 3–5, 6–8, and 9–12. The total time 
allotted for completing the puzzle pages varies by 
developmental level: 20 minutes for Grades K–2, 25 
minutes for Grades 3–5, 30 minutes for Grades 6–8, and 
35 minutes for Grades 9–12.
The SAA for Grades K–12 includes five distinct booklets: 
one for each of Grades 3–5, 6–8, and 9–12, and two for 
Grades K–2. Each booklet follows the same instructions 
and procedures and includes two main activities: (a) 
the shape activity and (b) the puzzle tasks. The shape 
activity differs by grade level: students in Grades K–2 
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construct a square; those in Grades 3–5, a triangle; 
Grades 6–8, a parallelogram; and Grades 9–12, a 
rhombus. Each grade level is also assigned six puzzles, 
with additional challenge pages available.
The problems used in the SAA vary in structure and 
are aligned with the problem continuum. As shown 
in Table 2, the problem continuum classifies problem-
solving situations based on whether the problem, 
method, or solution is known by either the presenter 
or the solver (Maker & Schiever, 2005). This framework, 
used in the construction of the DISCOVER assessment, 
distinguishes between well-structured problems, 
which require convergent thinking, and ill-structured 
problems, which require divergent thinking. In this 
study, the spatial analytical intelligence assessment 
was intentionally designed along this continuum. The 
initial shape activity represents a Type V problem, while 
the structured puzzle pages include problems ranging 
from Type I to Type IV, ensuring a balanced assessment 
of both convergent and divergent thinking skills (See 
Table 2).
Validity of the SAA. Among the earliest studies on 
the DISCOVER assessment was research conducted 
by Griffiths (1996) focusing on interrater reliability. 
Griffiths examined the level of agreement in student 
ratings between the researcher and observers with 
varying levels of experience: novice (fewer than 10 
observations), experienced (10–20 observations), and 
expert (more than 20 observations). The findings 
revealed 80% agreement between novice observers 
and the researcher, and 100% agreement between 
both experienced and expert observers and the 
researcher on the spatial analytical component of the 
assessment. Griffiths also reported 95% agreement 
on categorical ratings across all observers experience 
levels and across all activities, indicating high interrater 
reliability and strong consensus on identifying students 
who demonstrated superior problem-solving skills.
In a separate study, Kassymov (2000) investigated 
interrater reliability among five expert observers from 
the DISCOVER team, each of whom had conducted 
more than 20 observations. He compared interrater 
agreement on the spatial analytical activity before 
and after a debriefing session and found consistent 

agreement levels of 80% both before and after the 
session.
In another phase of his research, Kassymov examined 
interrater reliability within a district team of 11 expert 
observers trained by the principal investigator of the 
DISCOVER project. Agreement on spatial analytical 
ratings within this district team was also high—80% 
before and 100% after the debriefing session. These 
findings support the reliability of the observer-based 
evaluation process used in the DISCOVER assessment, 
particularly for identifying spatially gifted students.
Sak and Maker (2003) investigated the predictive validity 
of the DISCOVER assessment and found that students 
rated as definitely superior problem solvers on certain 
components of the assessment scored significantly 
higher than their nongifted peers on standardized 
tests and academic performance measures. Specifically, 
students who demonstrated superior problem-
solving skills in the spatial analytical activities scored 
significantly higher than those identified as nongifted 
(N = 82) on the Stanford 9 (F = 7.02, p < .01), the AIMS 
Math subtest (F = 7.29, p < .01), and on sixth-grade 
end-of-year science grades (F = 4.05, p < .01).
Sarouphim (2001) examined the concurrent validity of 
the DISCOVER assessment using the Raven’s Progressive 
Matrices with a sample of 257 students in kindergarten 
and second, fourth, and fifth grades from two minority 
groups: Navajo Indian and Mexican American. The study 
found significant and positive correlations between 
DISCOVER assessment ratings and Raven scores. In the 
spatial analytical activity, moderate to high correlations 
were found at Grade K (r = .351, p < .05, n = 74), Grade 
2 (r = .398, p < .01, n = 47), Grade 4 (r = .495, p < .01, 
n = 74), and Grade 5 (r = .395, p < .01, n = 74), with an 
overall correlation of r = .409 (p < .01, N = 257).
Collectively, these studies (Sak & Maker, 2003; 
Sarouphim, 2001) provide empirical support for the 
concurrent validity of the DISCOVER assessment and 
contribute to the understanding of the validity of the 
SAA. However, these findings are not yet sufficient 
to fully establish the psychometric soundness of the 
SAA. Further research is necessary to improve the 
identification of gifted students through spatial 
analytical performance, especially as evaluated during 
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debriefing sessions. Multiple aspects of the SAA require 
continued investigation to enhance its credibility and 
practical utility. While existing studies support its 
internal structure and concurrent validity, additional 
research is particularly needed to explore its internal 
dimensional structure in depth. Therefore, the current 
study focuses on the psychometric properties of the 
SAA as a tool for identifying gifted students in the 
domain of spatial analytical intelligence.
The results of both studies (Sak & Maker, 2003; 
Sarouphim, 2001) have provided evidence of the 
concurrent validity of the DISCOVER assessment and 
contributed to the understanding of the validity of 
the SAA, but they are still not enough. The validity of 
SAA in the DISCOVER project needs to be researched to 
provide information about improving the identification 
of gifted students and spatial analytical abilities during 
the debriefing sessions. Different aspects of the SAA 
need to be studied to increase its credibility. Several 
studies reported on the internal structure and the 
concurrent validity of the DISCOVER assessment and 
have shown support for its use; however, more studies 
are still needed to especially investigate the internal 
structure of the SAA. Therefore, this current study 
was focused on the psychometric aspects of the SAA 
as a tool for identifying gifted students in this area of 
intelligence.

Procedure 
Data for this study were collected over a period of 11 
years as part of the DISCOVER project. Information was 
recorded for all students in classrooms that participated 
in the spatial analytical intelligence assessment, in 
order to generate an appropriate and representative 
sample. These data were extracted from original 
assessment records and organized according to school 
district, grade level, teacher, and student.
After representative samples were identified for each 
grade level, the author entered students’ performance 
data from the SAA into a centralized database. Student 
performance was evaluated across two activities: the 
shape construction task and the structured puzzle task. 
In the first activity, student performance was assessed 
based on their ability to construct the required shape 
and the number of tangram pieces used to do so, 

which reflects the complexity of their spatial solution. 
In the second activity, which comprised six structured 
puzzle pages, performance was evaluated based on 
the number of puzzle pages completed within the 
allotted time and whether the student completed them 
independently (i.e., without clues or assistance). 

5. Data Analysis
Data were analyzed using both descriptive and 
inferential statistical methods, employing the Statistical 
Package for the Social Sciences (SPSS) to address the 
study’s two primary research questions.
For the first research question—which examined 
the relationship between the number of pieces 
used to construct the initial shape (ill-defined task) 
and the number of puzzle pages completed (well-
defined tasks)—Pearson product-moment correlation 
coefficients were calculated for each grade group 
(K–2, 3–5, 6–8, and 9–12). This method was chosen to 
statistically assess the degree of association between 
student performance on the two types of tasks: the ill-
defined shape construction (measured by the number 
of pieces used) and the well-defined puzzle completion 
(measured by the number of pages completed). 
Pearson’s r coefficients helped indicate whether 
performance on the two task types was correlated 
or distinct. Additionally, effect sizes were computed 
using Cohen’s d to quantify the magnitude of observed 
differences between performance on the two types of 
activities across grade levels.
For the second research question, which focused 
on the psychometric properties of spatial analytical 
intelligence assessment, descriptive statistics (means, 
standard deviations, percentages) were calculated 
across grade levels for two performance indicators: 
(a) the number of pieces used in the shape activity 
and (b) the number of puzzle pages completed. These 
analyses were intended to identify developmental 
trends, stability, and variation in performance, thus 
contributing to the construct validity and sensitivity of 
the instrument.
To examine the difficulty level of the puzzle pages, 
two complementary approaches were employed. First, 
the average time on task and corresponding standard 
deviations were calculated for each puzzle page to 
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serve as behavioral indicators of difficulty. Second, for 
students who reached page six, a difficulty index was 
derived by analyzing both the average completion 
time and the proportion of successful completions per 
grade group. These dual measures allowed difficulty to 
be assessed from both behavioral (time) and cognitive 
(accuracy) perspectives.
All statistical analyses were conducted at a significance 
level of α = .01. The combination of descriptive and 
correlational techniques provided a comprehensive 
understanding of the relationship between task 
complexity and student performance, the psychometric 
characteristics of the assessment, and the relative 
difficulty of the puzzle pages across grade levels.

6. Results
The research question in this study aimed to examine 
the relationship between the number of pieces used 
to construct the initial shape (ill-defined task) and 
the number of puzzle pages completed (well-defined 
tasks) by students in the Spatial Analytical Intelligence 
Assessment. Pearson correlation coefficients were 
calculated for each grade group, and all correlations 
were found to be statistically significant at an alpha 
level of .01. The strength of the correlations ranged 
from low to moderate across grade levels: (a) Grades 
K–2: r (1,307) = .252, p < .01; (b) Grades 3–5: r (1,319) = 
.426, p < .01; (c) Grades 6–8: r (581) = .230, p < .01; (d) 
Grades 9–12: r (227) = .239, p < .01. These results indicate 
a positive association between the two task types 
across all grade groups, with the strongest correlation 
observed in Grades 3–5. Effect sizes, calculated using 
Cohen’s d, ranged from .05 to .18, suggesting small to 
moderate differences in performance across the two 
activity types. This range of effect sizes indicates that 
the amount of variance explained between ill-defined 
and well-defined tasks is limited, supporting the 
interpretation that the two tasks may engage distinct 
dimensions of spatial problem-solving ability.
The second research question aimed to investigate 
the psychometric properties of the puzzles used in the 
spatial analytical assessment. Specifically, means and 
standard deviations were calculated for the following 
two performance indicators: (a) the number of 
tangram pieces used in the initial shape activity, and (b) 

the number of puzzle pages completed at each grade 
level. As shown in Table 3, both the average number 
of puzzle pages completed and the number of pieces 
used in the initial shape varied across grade levels, and 
generally increased with grade.
For instance, in Groups K–2 and 3–5, the average 
number of puzzle pages completed increased 
by approximately half a page per grade level. In 
contrast, for Group 6–8, the average number of pages 
completed remained relatively stable across grades. In 
Group 9–11, performance was more variable and did 
not show a consistent trend. Similarly, the average 
number of tangram pieces used in the initial shape 
activity increased steadily—by about two pieces across 
K–2, and by one piece per grade level in Groups 3–5 
and 6–8—while performance in Group 9–11 showed 
inconsistency in progression.
Additionally, this research question sought to determine 
the difficulty level of each puzzle page by analyzing 
task completion time and performance patterns. In this 
context, longer average time on a page was interpreted 
as indicative of greater task difficulty, while the number 
of pages completed was used to infer the performance 
level of higher-ability students.
To assess puzzle difficulty, the author employed two 
complementary approaches. First, the mean and 
standard deviation of time spent on each puzzle page 
were calculated for all students within each grade 
category. Second, among students who reached and 
attempted page six, performance-based difficulty levels 
were calculated for each group. Table 4 and Graph 1 
present data for all students who completed any puzzle 
page, regardless of ability level. Table 5 and Graph 2 
present performance data for high-ability students 
within the four grade-level groups (K–2, 3–5, 6–8, and 
9–12), where the assessment content was held constant 
across grades within each group.
Overall, the results indicated that as the number 
of puzzle pages increased, so did the average time 
required to complete them—suggesting increasing task 
complexity across pages. However, several exceptions 
to this trend were observed, reinforcing the necessity 
of this research to examine the ordering, structure, and 
difficulty of the assessment tasks (see Tables 4 and 5; 
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Graphs 1 and 2).

7. Discussion
This study addressed two primary research questions 
to inform and improve decision-making during the 
DISCOVER debriefing sessions and to enhance student 
engagement with the Spatial Analytical Intelligence 
Assessment. The first question examined the relationship 
between students’ performance on the initial shape 
activity and the puzzle page tasks, aiming to determine 
whether these two components measure related 
or distinct aspects of spatial analytical intelligence. 
The second question focused on the psychometric 
properties of the puzzle items—specifically, the 
average completion time, item difficulty level, and the 
sequencing of the puzzle pages. The following sections 
present a discussion of the major findings in relation 
to the two research questions, their educational and 
psychometric implications, and the limitations of the 
current study.
Problem Types on SAA 
The findings of this study indicate that performance 
on the ill-defined task (the initial shape activity) and 
the well-defined tasks (puzzle pages) is related but 
relatively independent, suggesting that these activities 
likely measure distinct components of spatial analytical 
intelligence—namely, divergent and convergent 
thinking, respectively. This interpretation aligns with 
prior research indicating that ill-defined and well-
defined problem-solving are related yet separable 
constructs (Jaarsveld & Lachmann, 2017).

This pattern supports the theoretical framework of the 
problem continuum (Maker, 2004), which posits that as 
tasks shift from open-ended, divergent formats (e.g., 
Type V problems) to highly structured, convergent 
formats (e.g., Type I–IV problems), the degree of 
cognitive overlap diminishes. The observed significant 
but modest correlations between performance on the 
two task types reinforce this theory, revealing that 
while there is some shared variance, each task type 
also taps into unique aspects of cognitive functioning 
supporting the theoretical foundation of assessment 
development (Maker, 2020).
The inclusion of both task types in the assessment 
thus strengthens the construct validity of the Spatial 

Analytical Intelligence Assessment. Limiting an 
assessment to only one problem type may result in an 
incomplete profile of students’ spatial problem-solving 
abilities, potentially overlooking individuals who excel 
in either divergent or convergent domains (Maker, 
2020).
One interpretation of these results is rooted in the 
nature of the tasks themselves: the initial shape activity 
represents a Type V problem on the problem continuum, 
characterized by high openness and multiple solution 
paths, whereas the puzzle pages correspond to Types I–
IV, which are decreasingly structured and constrained. 
These distinctions imply that the cognitive competencies 
required for each task differ meaningfully as theorized 
by Maker (1992).
These findings are consistent with previous research by 
Sak and Maker (2003), who examined the DISCOVER 
Math assessment and found higher correlations 
between adjacent problem types (e.g., Type I and II: r 
= .49, p < .01) compared to non-adjacent types (e.g., 
Type I and IV: r = .36, p < .01), supporting the idea that 
problem types closer on the continuum share more 
cognitive demands.
Further evidence for the distinctiveness of the two task 
types comes from the effect size analysis using Cohen’s 
d. While all correlations were statistically significant 
across grade levels, effect sizes ranged from .05 to .18, 
reflecting small associations according to conventional 
benchmarks. This suggests that although performance 
on ill-defined and well-defined tasks is related, the 
degree of shared variance is limited. In practical terms, 
this means that student success on one type of task 
only partially predicts success on the other, reinforcing 
the conclusion that the two task types engage 
complementary but non-identical dimensions of spatial 
analytical intelligence.
Decision Making in Debriefing Sessions
The second research question aimed to determine the 
average number of puzzle pages completed by students 
at each grade level to support informed decision-
making during debriefing sessions, particularly in 
assessing students’ spatial analytical abilities. Overall, 
the average number of puzzle pages completed and 
the average number of pieces used in the shape activity 
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revealed a developmental progression in spatial 
analytical ability, especially in Groups K–2, 3–5, and 6–8 
(see Table 4 and Graph 1).
In Groups K–2 and 3–5, the gradual increase in both 
puzzle page completion and shape complexity suggests 
that the assessment is sensitive to developmental 
differences. This pattern is consistent with theories 
of cognitive development, which posit that younger 
children demonstrate measurable improvements in 
problem-solving efficiency and cognitive complexity 
with age (Greiff & Fischer, 2013). These trends provide 
evidence that the assessment effectively captures 
growth in spatial analytical intelligence during early 
and middle childhood.
However, the relative stability of performance across 
Grades 6–8 may indicate a developmental plateau or, 
alternatively, a ceiling effect in the assessment tasks. 
That is, the puzzles administered at this stage may lack 
sufficient complexity to discriminate among students at 
different levels within the group, thereby limiting the 
assessment’s psychometric sensitivity.
The inconsistency in results observed in Grades 9–11 
raises additional concerns about the developmental 
calibration of the instrument. Variability in performance, 
without a clear upward or downward trend, may 
suggest that the puzzles at this level are either too 
easy, too difficult, or inconsistently aligned with the 
cognitive demands appropriate for this age group. 
These limitations could compromise the reliability and 
validity of the assessment for older students.
Taken together, these findings imply that while the 
assessment is a useful tool for identifying developmental 
trends and supporting debriefing decisions in 
early and middle grades, revisions are needed for 
higher grade levels. Enhancing the complexity and 
calibration of the puzzles for Grades 6–11 would 
strengthen the instrument’s discriminatory power, 
ensure developmentally appropriate measurement, 
and promote more accurate interpretation of student 
abilities in debriefing contexts.

New Order of Puzzle Pages 
A second aim of the second research question was 
to examine the difficulty level of each puzzle page 
across group levels, for which the assessment content 

was identical. Accurately inferring puzzle difficulty, 
however, proved challenging due to a key procedural 
constraint: not all students had the opportunity to 
attempt all six puzzle pages (Gul, 2022). In the DISCOVER 
Spatial Analytical Assessment, students were permitted 
to progress to the next puzzle only after successfully 
completing the previous one (Maker, 2020). As a 
result, the average time required to complete higher-
numbered puzzles was based on a progressively smaller 
and more selective subset of students—typically those 
demonstrating higher spatial analytical ability (see 
Table 5).
To address this limitation, the researcher analyzed 
two complementary data sets: (1) all participants, 
regardless of how many puzzles they completed (Table 
4), and (2) only those students who completed all six 
puzzle pages (Table 5). The second group represents 
high-ability performers, and their data offer a more 
accurate estimation of intrinsic puzzle difficulty, as all 
puzzles were attempted under equivalent conditions.
The researcher aimed to compare puzzle difficulty 
levels by evaluating discrepancies in performance 
between these two groups. This analysis revealed 
inconsistencies in the originally assumed order of puzzle 
difficulty. Accordingly, the determination of a precise 
sequence based solely on the existing data was deemed 
problematic. Nevertheless, the researcher proposed a 
revised puzzle order based on a triangulation of key 
indicators from Tables 4 and 5:
1. Mean completion time (Table 5) – Longer average 
times among high-ability students were interpreted as 
indicating greater intrinsic difficulty.
2. Percentage of students completing each page (%P 
from Table 4) – Lower completion rates suggested that 
puzzles might cause frustration or disengagement if 
placed too early in the sequence.
3. Standard deviation (SD) – High variability in 
completion time pointed to inconsistency or confusion, 
suggesting that such puzzles should be positioned later 
to maintain student momentum.
4. Time discrepancies between Tables 4 and 5 – 
Large gaps in average time between the two groups 
suggested that lower-ability students struggled 
disproportionately, further informing item placement 
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for accessibility.
Table 6 presents the revised puzzle order, which reflects 
a data-informed restructuring of the puzzle sequence 
to support both developmental appropriateness and 
student engagement. Puzzles with shorter completion 
times and higher success rates were moved earlier 
in the sequence to build confidence, while more 
complex or inconsistent puzzles were positioned later 
to maintain motivation and challenge. This approach 
promotes a gradual cognitive progression aligned with 
each group’s abilities, fostering both perseverance and 
learning.
Although this analysis supports the need to revise the 
puzzle page order, the available data do not permit 
a definitive reordering. Consequently, the researcher 
recommends a follow-up validation study in which 
students across a range of ability levels and grade 
groups attempt all puzzle pages, allowing for more 
robust measurement of item difficulty and sequencing.

8. Limitations
Several limitations of the current study should 
be acknowledged. First, the sample was not 
demographically balanced. Native American students 
comprised more than half of the participants across all 
grade levels and were particularly overrepresented in 
Grades 6–8 (over 90%) and Grade 10 (83%). In contrast, 
students from other ethnic backgrounds—Hispanic, 
Caucasian, African American, and Asian American—
were underrepresented. This uneven distribution may 
have inflated performance averages or introduced 
cultural factors that influenced task engagement or 
interpretation, thereby limiting the generalizability 
of the findings to more diverse student populations 
(Tharp, 1989; Yamauchi & Tharp, 1995).
Second, the determination of puzzle difficulty was 
based primarily on average completion time. However, 
this metric was limited by two factors: (a) not all 
students attempted or completed all puzzle pages, 
and (b) some students were provided with clues to 
assist with problem-solving. These conditions likely 
compromised the consistency and interpretability of 
completion times as indicators of intrinsic task difficulty, 
particularly for later puzzle pages attempted only by 
higher-performing students.

Together, these limitations highlight the need for 
cautious interpretation of the current findings. 
Future research should involve more demographically 
diverse samples and adopt more controlled testing 
procedures—such as ensuring that all students attempt 
all puzzle pages under uniform conditions—to improve 
the validity, reliability, and generalizability of results.

9. Conclusion
In conclusion, the findings of this study suggest that 
the current ordering of puzzle pages in the SAA 
requires revision. A proposed sequence based on 
empirical indicators of difficulty is presented in Table 
6. To validate and refine this sequence, future research 
should involve administering all puzzle pages to 
students across diverse ethnic backgrounds, allowing 
unlimited time for completion. This would enable the 
calculation of more accurate difficulty indices based on 
the percentage of successful completions per puzzle.
Additionally, analyzing average performance metrics—
including the number of puzzles completed, time 
spent on each puzzle, and the number of pieces used 
in the initial shape activity—across both grade levels 
and ethnic groups would yield richer insights into 
developmental trends and cultural variability in spatial 
problem-solving. Such investigations would strengthen 
the psychometric properties of the instrument by 
enhancing its construct validity, reliability, and fairness.
Ultimately, these efforts will support more informed 
and equitable decisions about students’ spatial 
analytical abilities during DISCOVER debriefing sessions, 
contributing to more valid identification of talent and 
promoting inclusive educational practices.
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Table 1

Number of Students Across Schools, School Districts, and Groups (N = 3,434)

Schools and Districts
Groups

Total %
K–2 3–5 6–8 9–11

A 40 337 132 16 525 15
B 45 45 1
C 45 1 46 1
D 1 22 7 30 1
E 58 58 2
F 272 208 65 545 16
G 91 85 95 85 356 10
H 402 320 298 9 1,029 30
I 191 221 33 445 13
J 221 89 310 9
K 27 27 1
L 18 18 1

Total 1,307 1,319 581 227 3,434 100
% 38 38 17 7 100

Table 2

DISCOVER: Problem Type Continuum 

Problem Method Solution
Type Presenter Solver Presenter Solver Presenter Solver

I S K S K S U
II S K S U S U
III S K R U S U
IV S K R U R U
V S K U U U U
VI U U U U U U

Note. K, known; S, specified; U, unknown; R, range. Data from Schiever and Maker (2005).

Table 3

The Average and the Standard Deviation of the Number of Pieces Used in the Initial Shape and the Number of 
Pages Completed by All Students at Each Grade Level (N = 3,434)

Puzzle Pages Completed Pieces Used in Initial Page 
Grade na M SD M SD

K 560 4.6 0.9 3.3 4.2
1 356 5.1 0.9 5.1 5.4
2 391 5.6 1.0 7.0 5.5
3 305 4.5 1.1 5.1 5.1
4 435 5.1 1.1 6.3 5.9
5 579 5.6 1.1 8.6 6.4
6 239 5.2 1.4 9.8 6.7
7 202 5.2 1.6 11.4 6.8
8 140 5.1 1.3 10.2 7.8
9 149 4.2 1.7 5.4 7.1
10 53 5.2 1.4 12.4 9.0
11 25 4.6 1.1 5.8 9.1

a the ethnicity percentages in the sample contained approximately 12% Caucasian Americans, 5% Black Americans, 
23% Hispanic, 59% Native Americans, and 1% Asian Americans.
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Table 4

The Average Time for Completion of Puzzles by All Students Across Grade Groups (N = 3,434)

Puzzle
 1 2 3 4 5 6 Challenge

Group K–2
M 2.32 2.33 4.61 3.74 8.17 6.71 5.83
n 1,307 1,302 1,287 1,185 1,033 396 87

SD 2.17 2.00 3.63 2.87 4.59 4.60 3.88

 P 100 100 98 91 79 30 7

Group 3–5
M 2.65 2.93 7.4 6.44 9.08 7.63 7.52
n 1,319 1,319 1,313 1,200 994 533 200

SD 2.35 2.73 5.63 4.77 5.59 4.80 4.80

 P 100 100 99 90 75 40 15

Group 6–8
M 5.43 5.05 9.15 6.3 6.12 6.99 7.85
n 581 580 567 496 399 267 143

SD 4.70 4.34 6.73 4.76 5.10 5.14 5.79

 P 100 100 98 85 69 46 25

Group 9–11
M 4.77 5.49 5.91 7.18 4.16 7.78 6.31
n 227 219 194 157 129 65 29

SD 4.39 4.05 5.03 4.90 3.88 6.62 7.84

 P 100 96 85 69 57 29 13
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Table 5 

The Average Time for Completion of Puzzles by Only Students Who Completed Puzzle 6 Across Group Levels (N = 
1261)

 Puzzle
1 2 3 4 5 6 Challenge

Group K–2 (n = 396)
M 1.58 1.52 2.54 2.44 6.75 6.71 5.83

SD 0.89 0.74 1.50 1.54 3.72 4.61 3.88

  Group 3–5 (n = 533)
M 1.75 1.92 4.20 4.00 7.39 7.63 7.52

SD 1.32 1.22 2.65 2.45 4.25 4.80 4.81

  Group 6–8 (n = 267)
M 3.38 3.28 6.20 4.66 4.58 6.99 7.85

SD 2.23 2.13 4.16 2.94 3.34 5.14 5.79

  Group 9–11 (n = 65)
M 2.29 3.11 3.77 5.05 3.65 7.78 6.32

SD 1.89 1.95 2.79 3.39 4.29 6.62 7.98

Table 6

Summary Table of Revised Puzzle Orders 

Grade Levels Revised Order Rationale 

K-2 1 → 2 → 4 → 3 → 6 → 5 → Challenge
Start with easiest; delay Puzzle 5 (longest time & 
lowest completion); Challenge last to avoid early 
dropout. 

3-5 1 → 2 → 4 → 3 → 6 → 5 → Challenge
Similar to K–2; Puzzle 4 easier than 3; 6 placed before 

5 due to better handling by completers.

6-8 2 → 1 → 5 → 4 → 6 → 3 → Challenge
Group handles moderate tasks early; Puzzle 3 is 

inconsistent (high SD), so delayed; end with toughest.

9-11 1 → 2 → 5 → 3 → 4 → Challenge → 6
Start with familiar; Puzzle 5 is easier for older 

students; Puzzle 6 is most difficult and saved for last.
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Figure 1 

An illustration by lines of the average time completed for each page by those who completed all six puzzle pages

. 

Figure 2

Average time elapsed for each page by those who completed all six puzzle pages. 






