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Introduction 
 
Spatial ability can be defined as the measure of a cognitive ability to generate, retain, retrieve, 
and transform well-structured visual images [1]. Various constructs of spatial ability exist 
including mental rotation, mental reconfiguration of complex shapes, and mental manipulation of 
spatial patterns [2]. This paper will refer to spatial ability as a quantification of performance on 
one construct of spatial thinking.  
 
Research has demonstrated the value of strong spatial ability in areas such as geology, chemistry, 
biology, physics, engineering, mathematics, and surgery [3]. Of particular interest is the positive 
impact spatial ability has on undergraduate students studying science, technology, engineering, 
and mathematics (STEM) subjects [4]±[6]. Parallel to its positive influence on grades and test 
scores, spatial ability has been correlated with degree completion [7]. A study conducted in an 
engineering statics course revealed that students developed a considerable degree of spatial 
thinking throughout the course of the semester when compared with undergraduate students in 
other disciplines [8]. Similar to its relationship with undergraduate academic success, spatial 
ability is a profitable asset for professionals engaged in STEM careers [7], [9]. Research has 
found that spatial ability can be learned through targeted interventions, exposure to spatial 
language, and participation in spatial activities [10], [11]. Furthermore, once learned, spatial 
ability is malleable and can be maintained and developed over time [12]. This is particularly 
promising in the context of developing targeted interventions aimed at fostering spatial ability.  
 
Of particular interest to the developmeQW�RI�67(0�FXUULFXOD�LV�KRZ�LQVWUXFWRUV¶�XVH�RI�GLVWLQFW�
spatial vocabulary can lead students to develop stronger spatial skills. Multiple studies have 
found that language itself does not heavily influence development of spatial ability [13]±[15]. 
However, other studies have found that while spatial language cannot independently determine 
VSDWLDO�DELOLW\��WHDFKHUV¶�XVH�RI�VSDWLDO�YRFDEXODU\�FDQ�OHDG students to start thinking spatially 
which in turn maximizes spatial learning [14]. Capraro et al found that instructor use of precise 
spaWLDO�ODQJXDJH�RSWLPL]HG�VWXGHQWV¶�OLNHOLKRRG�RI�FUHDWLQJ�DFFXUDWH��'�GUDZLQJV�[16]. In another 
study exploring spatial literacy, many of the scores of participants with low marks in spatial 
communication were due to a lack of basic spatial vocabulary [17]. Training instructors in spatial 
vocabulary could have wide effects on how well students learn spatial thinking.  
 
Despite the value spatial thinking adds to academic and professional development, very little 
research has been conducted to address spatial ability in blind and low vision (BLV) populations. 
Spatial ability has traditionally been tested, taught, and explained in a visual sense, however it is 
fundamentally a cognitive process in which vision is not a necessity [18]. There are many 
capable and talented BLV individuals engaged in STEM fields, but there can be a much larger 
potential for BLV participation in STEM fields if targeted interventions are able to encourage 
spatial ability development in these populations [19]. There is thus a need to develop more 
spatially oriented trainings that are accessible to BLV populations.  
 



  

Although little work has been done to address spatial ability specifically in BLV populations, 
some research has been done to explore how members of this community interact with technical 
vocabulary. One such study suggests that many BLV students are less proficient in scientific 
vocabulary than their sighted peers and that their ability to use appropriate definitions affects 
their ability to work with scientific concepts [20]. Another study shows that BLV students often 
choose to use common vocabulary rather than scientific vocabulary in science courses [21]. 
Correctly used spatial language, however, has the potential to stimulate spatial thinking in 
students and the consistent use of spatial language by teachers, parents, and peers highlights the 
importance of spatial relations in everyday life which can spark a heightened sense of spatial 
awareness [22].  
 
The purpose of this paper is to explore results from a qualitative study of how high school aged 
BLV youth used spatial language during a virtual engineering experience administered by the 
National Federation of the Blind (NFB). Findings from this study can provide recommendations 
to enhance language in curricula that better reflects BLV students¶�XQGHUVWDQGLQJ�RI�VSDWLDO�
content and may ultimately encourage more BLV students to pursue careers in STEM fields. 

Methods 
 
Data Collection Site and Participants 
 
Data was collected during synchronous virtual Zoom sessions of the Engineering Quotient (EQ) 
program, an engineering experience administered by the NFB during the summer of 2021. 
Participants in the program included BLV teenagers from the United States in grades 9 through 
12 during the 2020-2021 school year. The EQ program was designed to introduce BLV youth to 
STEM concepts, provide opportunities for interaction with fellow BLV peers, and encourage 
SDUWLFLSDQWV¶�VSDWLDO�VNLOO development and problem-solving ability. Prior to beginning the 
program, participants and their families were provided with an Institutional Review Board 
(IRB)-approved informed consent letter that allowed them to opt in or out of the research 
activities. Data was only captured from participants that signed and returned the informed 
consent letter. Out of the 35 total participants in the program, 13 provided consent or individual 
assent to participate in this research study. 
 
Participants were mailed kits of instructional materials before the start of the program, which 
included tactile workbooks and supplies that supported the drawing and paper folding activities. 
Supplies for the activities included materials such as origami paper, drawing boards, and writing 
utensils. Also included in these kits was a vocabulary list of terminology that would be used 
throughout the paper folding activities in the program (presented in Table 4 in the Appendix). 
7KLV�OLVW�FRQVLVWHG�RI�EDVLF�RULJDPL�WHUPLQRORJ\�VXFK�DV�³PRXQWDLQ�IROG�´�³YDOOH\�IROG�´�³UDZ�
HGJH�´�DQG�³IROGHG�HGJH�´ This vocabulary list was included with the instructional materials in 
part because blind learners (as well as those who are sighted) learn and make meaning of 
vocabulary terms in written form, as well as when used and described verbally (as was the case 
during the program activities). The vocabulary list was chosen by a member of the project team 
who is blind and was based on her previous instructional experiences.    
 
Each EQ program session included a community-building activity at the start of the session (e.g., 
discussing a current favorite movie or hobby), followed by one hour of guided paper folding 



  

origami instruction and activities, a 30 minute break, and another hour of a guided technical 
engineering drawing session. Program participants were split into two groups, with one group 
attending the paper folding session first and the second group attending the engineering drawing 
session first. After the 30 minute break, each group then completed the session that they had not 
yet participated in. 
 
Paper folding/origami instructional sessions included activities such as learning how to fold a 
tessellation grid; folding index cards that would be assembled together to form a menger sponge; 
and folding a masu box using origami paper. Drawing sessions included activities such as 
learning how to represent three-dimensional objects (e.g., a cup) in two-dimensions in different 
perspectives (e.g., top, right, left) and learning how to represent different types of origami folds 
and features using different line types (e.g., a thick solid line for a raw edge, a dashed line for a 
folded edge).   
   
Data Collection 
 
The research team included five members: three researchers in engineering education and two 
researchers from a STEM research and evaluation center. The researchers observed at least one 
virtual EQ program session per week for 3 weeks. Each researcher followed an observation 
protocol in which they looked for words that students used that related to spatial ability or spatial 
thinking as they were engaging in the session activities. Researchers also captured the context in 
which the students were using the words and the possible meaning behind the words. During the 
30 minute breaks in between the paper folding and drawing sessions, researchers solicited 
interviews from participants that consented in the research study. The researcher and participant 
moved into a separate Zoom breakout room to conduct the interviews, which lasted between 
three and ten minutes. 7KH�UHVHDUFKHU�DVNHG�IRU�WKH�SDUWLFLSDQW¶V�SHUPLVVLRQ�WR�UHFRUG�WKH�YLUWXDO�
interview so it could be transcribed later for analysis. Participants were asked questions such as, 
³:KDW�ZRUGV�XVHG�LQ�WKH�DFWLYLW\�GLG�\RX�ILQG�PRVW�GLIILFXOW�WR�XQGHUVWDQG"´�DQG�³:KDW�ZRUGV�
used in the activity made sense to you and were easy to understDQG"´ 
 
Data Analysis 
  
Field notes from the observations and transcripts from the interviews were analyzed using first 
and second cycle coding procedures [23] in MAXQDA, a qualitative data analysis software [24]. 
Two members of the research team independently analyzed the field notes and interview 
transcripts to identify codes relating to spatial language. The research team also used the origami 
YRFDEXODU\�ZRUGV�WKDW�ZHUH�LQ�WKH�VWXGHQWV¶�NLW�RI�PDWHULDOs as a priori codes [23] to serve as a 
starting point for the first cycle of coding. After coding independently, the two research team 
members held meetings to discuss identified codes and resolve discrepancies. The two team 
members revised the code names, definitions, and application of the codes until an intercoder 
agreement of 90% was reached [23]. After this agreement was reached, the two team members 
began the second cycle of coding to identify themes that were characterized by the first cycle 
codes [23].         

Results  
 



  

Results from the first and second cycles of coding revealed five major themes: Use of spatial 
language; Use of origami terminology; Preference of specific, succinct instruction; Use of 
different types of strategies; and Relationships among types of spatial language. The following 
section will describe each of these major findings in detail with sample excerpts from the data. 
     
Use of spatial language 
 
Results demonstrated how the EQ program participants used spatial language and what types of 
language they used while completing the program activities. For example, participants used 
directional words, geometric ideas, and reference points when describing spatial features or 
explaining how to accomplish certain objectives. 
 
Directional words LQFOXGHG�WHUPV�VXFK�DV�³ULJKW�OHIW�´�³XS�GRZQ�´�³KRUL]RQWDO�YHUWLFDO�´�
³FORFNZLVH�FRXQWHUFORFNZLVH�´�DQG�FDUGLQDO�GLUHFWLRQV��L�H., north, south, east, and west). Table 1 
provides descriptions of several of the directional words identified from the data and 
representative quotes from the participants as they used these words while completing the 
program activities.  
 
Table 1 
 
Types of directional words that were used by the EQ program participants along with sample 
quotes from these participants.  

Directional words Sample participant quotes 

Right/left ³YRX�FDQ�PRYH�LW�WR�WKH�OHIW´ 

Up/down ³)ROG�ZLQJV�GRZQ´ 

Horizontal/vertical ³Fold [the paper] vertically´ 

Clockwise/counterclockwise ³&RXQWHUFORFNZLVH�DQG�FORFNZLVH�IRU�WXUQLQJ�WKH�SDSHU´ 

Cardinal directions ³Fold paper along north-VRXWK�D[LV´ 

  
Geometric ideas included language describing features in terms of configurations, shapes, or 
orientation. Examples of geometric ideas ZHUH�³V\PPHWU\�´�³SURSRUWLRQ�´�DQG�shapes of lines 
(e.g.��³]LJ�]DJ�OLQH´�� Specific words that were used that related to geometric ideas included 
³KDOI�´�³FHQWHU�´�³SDUDOOHO�SHUSHQGLFXODU�´�DQG�³intersect�´ Table 2 provides several examples of 
geometric ideas and corresponding quotes from the participants as they engaged with the 
program activities.   
  
Table 2 
 



  

Types of geometric ideas that were used by the EQ program participants along with sample 
quotes from these participants. 

Geometric ideas Sample participant quotes 

Center ³)ROG���HGJH�RI�VTXDUH�WR�FUHDVH�LQ�FHQWHU´ 

Half ³)old cardstock paper in KDOI´ 

Intersect ³Move the top left corner to where the SUHYLRXV���FUHDVHV�LQWHUVHFW´� 

Parallel/perpendicular ³3DUDOOHO�OLQHV´� 

Proportion ³(ORQJDWHG�KH[DJRQ´ 

Symmetry ³0DNH�VXUH�LW¶V�HYHQ�RQ�WKH�WRS�DQG�ERWWRP´ 

 
Reference points were language that the participants used to describe features in relationship to 
RQH�DQRWKHU��([DPSOHV�RI�WKLV�LGHD�LQFOXGHG�³RYHU�XQGHU�´�³WRS�ERWWRP�´�³LQVLGH�RXWVLGH�´�
³IURQW�EDFN�´�DQG�³DSDUW�WRJHWKHU�´�Table 3 provides some examples of different types of 
reference points and corresponding quotes from the participants as they used reference points in 
the context of the program activities.  
   
Table 3 
 
Types of reference points that were used by the EQ program participants along with sample 
quotes from these participants. 

Reference points Sample participant quotes 

Apart/together ³$OO�IRXU�FRUQHUV�IROGHG�WRJHWKHU´  

Front/back ³From the front why do we only see three blocks instead of four?´ 

Inside/outside ³)laps on the outVLGH´ 

Over/under ³)ROG�WKH�SDSHU�RYHU�LWVHOI´ 

Top/bottom ³7RS�ULJKW�FRUQHU�RQWR�ERWWRP�OHIW�FRUQHU´ 

 



  

Use of origami terminology 
 
Participants also used different kinds of origami terminology as they engaged in the program 
activities. They used terminology as they were defined in the vocabulary lists that they received 
as part of the materials kit as well as using their own interpretations of definitions for certain 
words. A list of the vocabulary words that were provided to the students is presented in Table 4 
in Appendix A DQG�LQFOXGHV�WHUPLQRORJ\�VXFK�DV�³PRXQWDLQ�IROG�´�³YDOOH\�IROG�´�³FXSERDUG�
IROG�´�DQG�³WHVVHOODWLRQ.´ 
 
)RU�H[DPSOH��RQH�SDUWLFLSDQW�LQVWUXFWHG�WKHLU�SHHUV�WR�³PDNH�D�YDOOH\�IROG�towards me in the 
PLGGOH�´�7KH�VWXGHQWV¶�YRFDEXODU\�OLVW�GHILQHG�D�³YDOOH\�IROG´�DV�EHLQJ�³formed by folding paper 
towards you and RYHU�DQRWKHU�SDUW�RI�WKH�SDSHU�´ This student demonstrated that they knew the 
definition of a valley fold as it was given to them and were able to apply this definition to 
communicate how to create this type of fold to their peers.  
 
There were also instances of the participants using origami terminology in their own words as 
opposed to using the words as they were defined in the vocabulary list. For example, participants 
XVHG�WKH�ZRUG�³IROG´�DV�D�YHUE��DV�SUHVHQWHG�LQ�WKH�YRFDEXODU\�OLVW��V\QRQ\PRXVO\�ZLWK�WKH�ZRUG�
³FUHDVH´�DV�D�YHUE��ZKLFK�ZDV�GHILQHG�DV�D�QRXQ�LQ�WKH�YRFDEXODU\�OLVW� One participant said to 
³FUHDVH�[the paper] in other directions´ when referring to making a fold in the paper. Another 
SDUWLFLSDQW�VDLG�WR�³FUHDVH�WKH�IROG�´�LQGLFDWLQJ�WR�PDNH�D�IROG�DV�GHILQHG�LQ�WKH�YRFDEXODU\�OLVW�� 
7KLV�H[DPSOH�DOVR�UHYHDOV�KRZ�SDUWLFLSDQWV�DOVR�XVHG�WKH�ZRUG�³IROG´�DV�D�QRXQ�synonymously 
ZLWK�³FUHDVH´�DV�D�QRXQ��DV�SUHVHQWHG�LQ�WKH�YRFDEXODU\�OLVW��  
 
3DUWLFLSDQWV�DOVR�GHPRQVWUDWHG�LQVWDQFHV�RI�XVLQJ�WKH�ZRUG�³FUHDVH´�DV�D�QRXQ��DV�GHILQHG�LQ�WKH�
YRFDEXODU\�OLVW��V\QRQ\PRXVO\�ZLWK�WKH�WHUP�³IROGHG�HGJH�´�7KLV�SKUDVH�ZDV�GHILQHd in the 
YRFDEXODU\�OLVW�DV�³Dn edge where a fold creates two layers of paper.´ One student referred to the 
IROGHG�HGJH�RI�D�SLHFH�RI�SDSHU�DV�D�³FUHDVH´�ZKHQ�GHVFULELQJ�D�SDUWLFXODU�VKDSH�WKDW�WKH\�KDG�
been folding. $QRWKHU�VWXGHQW�FRPPHQWHG�WKDW�WKH\�KDG�³FRQIXVHG�WKH�FUHDVH�DQG�WKH�IROGHG�
HGJH´�ZKHQ�LGHQWLI\LQJ�GLIIHUHQW�OLQH�W\SHV�LQ�HQJLQHHULQJ�GUDZLQJV��7KH�FUHDVH�DQG�WKH�IROGHG�
HGJH�ZHUH�UHSUHVHQWHG�XVLQJ�GLIIHUHQW�OLQHV�LQ�D�GUDZLQJ��EXW�WKLV�VWXGHQW¶V�FRQIXVLRn likely arose 
from them conceptualizing the crease and the folded edge as the same construct and thus 
assuming the line type used to represent these different elements would be the same.        
  
Preference of specific, succinct instruction 
 
Results also demonstrated that the participants valued specific, succinct instruction as part of the 
EQ program activities. For example, some participants indicated specifically that concise 
instruction was beneficial to their learning. When asked what types of words were helpful to the 
student when interpreting written origami or engineering drawing instructions, one participant 
said that ³[describing] and [using] woUGV�HIILFLHQWO\�DQG�FRQFLVHO\´�ZDV�KHOSIXO��7KLV�VWXGHQW�
said that when instructions were too long or wordy��WKH\�ZRXOG�³SLFN�DSDUW�HDFK�ZRUG´�DQG�
³VSHQG�D�ORW�RI�WLPH´�dissecting the instructions they were given, so having ³Foncise instructions 
>ZDV@�EHWWHU´�IRU�WKLV�VWXGHQW¶V�XQGHUVWDQGLQJ�GXULQJ�WKH�DFWLYLWLHV�� 
 



  

Similarly, EQ participants indicated that specific instructions were helpful. Such instructions 
included using words that specifically indicated what the final shape after completing a 
particular origami fold should look like. )RU�H[DPSOH��RQH�SDUWLFLSDQW�LQVWUXFWHG�WR�³Iold [the 
paper] in half so LW�PDNHV�D�WULDQJOH�´�$QRWKHU�SDUWLFLSDQW�VDLG��³Lt should be like a rectangle with 
three UDZ�HGJHV�RQ�WKH�WRS��OHIW��DQG�ULJKW´�when asked what their paper would look like after 
performing a particular fold.  
 
Participants also said that it was helpful to have multiple descriptions when receiving 
instructions. )RU�H[DPSOH��RQH�VWXGHQW�FRPPHQWHG��³it helped when something was described in 
more ways than one, folding east to west or left to right.´  
 
Use of different types of strategies 
 
Results indicated that the EQ program participants employed different strategies to ensure their 
success in completing the program activities and mitigating challenges. The identified strategies 
included different types of preparation, cognitive strategies, tactile strategies, and analytical 
approaches. These strategies helped mitigate certain challenges that the participants experienced 
throughout the program. Some types of challenges that the participants identified included the 
difficult format of the virtual program, difficulty understanding the terminology used throughout 
the program, and having difficulty visualizing diagrams or models in two and three-dimensions. 
The following sections describe each of the strategies and how the participants used them when 
they were met with challenges during the program.  
  
Level of preparation 
 
Some participants entered the EQ program with levels of prior knowledge about origami, 
engineering drawings, or STEM concepts in general. One participant remarked that he had taken 
a STEM-focused class in his high school where he had completed some technical drawing 
assignments as part of the course��+H�VDLG�WKDW�KH�³KDG�QR�LGHD�KRZ�WR�SRVVLEO\�GR�>LW@�´�VR�KH�KDG�
someone else do those assignments for him. After completing the EQ program experience, he 
VDLG�WKDW�KH�QRZ�KDV�³D�EHWWHU�LGHD�RI�KRZ�WR�DFWXDOO\�GR�LW�IRU�>KLPVHOI@�´�DQG�WKDW�KH�IHHOV�WKDW�KH�
is more prepared to enter a career in STEM. Another student said that they were ³familiar with a 
JRRG�DPRXQW´�RI�WKH�ZRUGV�WKDW�ZHUH�XVHG�GXULQJ�WKH�SURJUDP�VHVVLRQV��EXW�WKDW ³there was still a 
good amount that was nHZ�´�They also commented that they ³already knew some of the origami´ 
terminology and types of folds. 
 
For other students, this program was their first exposure to the STEM concepts presented. One 
student said that a lot of what she learned through the EQ program was how to describe things in 
the most effective way, using new words that she had learned. She said that learning new types 
of spatial words and vocabulary helped her with the final project that she worked on for the 
program: creating a pop-up book. She remarked that she had wondered about the mechanics of 
pop-up books, but until engaging in the EQ program, she had never made one on her own. Other 
participants indicated they were familiar with some of the concepts introduced in the EQ 
program, but these concepts were applied in different ways than they had experienced before. 
For example, when asked about their level of familiarity with the vocabulary that was used 



  

during the paper folding activities, one participant UHVSRQGHG��³I think I understood the words but 
they got appropriated for different things like the meaninJ�RI�WKHP�FKDQJHG�D�OLWWOH�ELW�´  
 
The last type of preparation that was observed was how participants chose to prepare for the 
different sessions that they engaged in. Students discussed how they would use what they learned 
in previous sessions of the EQ program to help them complete activities in a later session. One 
VWXGHQW�VDLG�WKDW�WKH\�KDG�³done a lot of practicing with the folds and stuff like when we actually 
made the [masu] box on Friday, so that made it very easy to just create the drawing that would 
go along with that.´ Similarly, another student commented WKDW�³Kaving had assembled the model 
before the sesVLRQ�JDYH�PHDQLQJ�WR�WKH�ZRUGV�´ Working with the origami models on their own 
time helped solidify the content that they had learned during the synchronous instruction 
sessions.   
 
Cognitive strategies 
 
Participants in the EQ program demonstrated the use of cognitive strategies. For example, 
participants indicated that they generated mental images that allowed them to visualize in two or 
three dimensions as they were engaging with the program activities. During one session of the 
drawing activity, students were prompted to look at a drawing of a cup from a particular view 
and identify how the handle of the cup would be represented in two dimensions. One student 
responded, ³Whe two lines in the middle on the iQVLGH�RI�WKH�FXS�DUH�WKH�JULS�´ Another activity 
required students to visualize how a three-dimensional object, such a sphere, would be 
UHSUHVHQWHG�LQ�WZR�GLPHQVLRQV��2QH�VWXGHQW�UHVSRQGHG�WR�WKLV�SURPSW�E\�VD\LQJ�³XVH�D�FLUFOH´�WR�
represent a sphere in two dimensions.   
 
Participants also described features in terms of basic shapes. This strategy was evident when the 
participants recognized or identified basic shapes including squares, rectangles, triangles, or 
circles. Students made comments VXFK�DV��³cut out a circle in the middle of the oval you FXW�´�
DQG�³fold the cut edges XS�WR�ORRN�OLNH�>D@�WULDQJOH�VKDSH�´�Participants also used comparative 
terms when describing certain spatial features. This was evident when the participants described 
a feature, model, or shape in terms of something else. For example, participants made 
FRPSDULVRQV�VXFK�DV�VD\LQJ�WKDW�WKH�³SDSHU�ORRNV�OLNH�DQ�µ;¶�´�WKH�VKDSH�ZRXOG�UHVHPEOH�D�³µ-¶ 
pointing leIW�´�RU�JDYH�DQ�LQVWUXFWLRQ�WKDW�VDLG�WKH�IROG�ZDV�³Ninda like you were making a paper 
DLUSODQH�´� 
 
Other students employed intrinsic-dynamic and extrinsic-static skills [25]. Intrinsic-dynamic 
skills involve mental transformation, such as mentally folding or rotating [26] an object. An 
example of this skill was evident when one student described an instruction for how to fold their 
PRGHO��³<RX�RSHQ�WKH�SDSHU�DQG�IROG�RXW�DQG�FUHDVH�LQ�WKH�PLGGOH�OLQH��DQG�WKLV�PDNHV�WKH�HJJ�
DQG�LW
OO�SRS�RXW�´�Extrinsic-static skills involve understanding the spatial relationships between 
objects [26]. FRU�H[DPSOH��RQH�VWXGHQW�LQGLFDWHG�D�GHVFULSWLRQ�RI�IROGHG�SDSHU�DV�EHLQJ�D�³VTXDUH�
ZLWK�WULDQJOHV�WRXFKLQJ�´ 
 
Tactile strategies 
 



  

The EQ program participants also used tactile strategies to interpret and understand information. 
This type of strategy was observed when participants used their hands or fingers to interpret or 
analyze a shape, model, or drawing. For example, one participant indicated that they would 
³>IHHO@�FUHDVH�OLQHV´�ZKHQ�WKH\�ZHUH�SHUIRUPLQJ�YDULRXV�SDSHU�IROGV� Another said that the 
RULJDPL�DQG�WHFKQLFDO�GUDZLQJ�SDWWHUQV�ZHUH�HDVLHU�WR�XQGHUVWDQG�LI�WKH\�³FRXOG�XVH�LW�WDFWXDOO\´�
DQG�³IHHO�LW�´�OLNH�³WKH�DFWXDO�IROGLQJ�RI�WKH�RULJDPL´�RU�³XVLQJ�WKH�VQDS�FXEHV´�IRU�WKH�
engineering drawings.  
 
Analytical strategies  
 
Last, the EQ program participants used certain analytical strategies when completing the 
origami and drawing activities. These included counting features (e.g., ³Frease lines through the 
rectangle with three raw eGJHV´�, using measurement terms �H�J���³Ln the middle of the paper put 
two parallel lines two inches right from the midGOH´�, and performing calculations �H�J���³>,@�Gid 
calculations for the lid and how it ILW´�.  
  
Relationships among types of spatial language 
 
Results also showed that certain types of spatial language were associated with one another. For 
example, students who were prepared for the activities also learned from those activities. 
Preparing for the activity included engaging with the asynchronous materials before the next 
synchronous session. One student commented that the work that they did during the activity 
³made a lot more sense´�DV�WKH�LQVWUXFWRU�ZDV�H[SODLQLQJ�LW ³just because there was some stuff 
that we'd go over before we did the session that just made it easier�´�,Q�DQRWKHU�LQVWDQFH��
preparing for the session activities included completing an origami model before attending the 
next synchronous session. One participant VDLG�WKDW�³Kaving had assembled the model before the 
session gave meaning to the words.´  
 
Other findings suggested the importance that words related to symmetry had on how the 
participants used spatial language during the paper folding and drawing activities. The 
participants described origami folds such as the cupboard fold using symmetry. One student gave 
LQVWUXFWLRQV�WR�³Iold the sides of the paper to the middle fold of the paper as a cupboard fold�´ 
$QRWKHU�VWXGHQW�GHVFULEHG�KRZ�WKH�SUHYLRXV�IROG�WKDW�WKH\�KDG�PDGH�VKRXOG�UHVXOW�LQ�³one card 
with a flap on each side�´ Symmetric features were also used to describe location when giving 
LQVWUXFWLRQV��2QH�VWXGHQW�JDYH�LQVWUXFWLRQV�WKDW�VDLG��³in the middle of the paper put two parallel 
lines two inches right from the middle�´�This example also demonstrates how students used 
measurement terms, such as specifying a distance between two portions of a model, along with 
symmetric features.  
 
Last, findings suggested that hands-on learning helped students learn from the activities. One 
student described how they were provided with tactile drawings of different types of lines that 
ZHUH�XVHG�IRU�HQJLQHHULQJ�GUDZLQJV��7KH\�VDLG�WKDW�KDYLQJ�WKRVH�WDFWLOH�GUDZLQJV�³made it a lot 
easier to know what the various lines were supposed to look like and things.´�7KH\�IXUWKHU�
emphasized that haYLQJ�WKRVH�WDFWLOH�GUDZLQJV�³made it pretty easy to recreate those and make 
the diagram using those fold and crease OLQHV�DQG�WKLQJV�´    



  

Discussion 
 
There are limited studies that have explored the spatial ability and spatial language of BLV 
students. Similarly, there is little research that has explored the types of spatial language that 
BLV students use when engaging in origami activities. This study provided initial insights into 
different types of ways that BLV youth used spatial language while completing a summer 
engineering program online. The impacts and insights gained about conducting this program 
online in a virtual format is discussed and presented in another paper by the authors [27]. 
Findings from this study also revealed different strategies that the BLV participants used when 
engaging in the program activities and how they mitigated any challenges that they faced. Last, 
this study revealed relationships between types of spatial language that the participants used 
throughout the program. It is important to note that the purpose of this study was not to compare 
vocabulary use and meaning of blind learners with those who are sighted; including a 
comparison group of spatial language used by sighted learners was beyond the scope and 
feasibility of this study. In addition, the results of this study are not intended to be generalizable 
to other populations. This work provides an initial, exploratory insight into how BLV students 
who participated in the EQ program used spatial language during the program activities. Future 
research could explore spatial language use beyond these participants in both BLV and sighted 
populations.     

Use of spatial language 
 
The results of this study provided insights into different types of spatial language used by BLV 
high school students as they completed origami and engineering drawing activities. These types 
of spatial language included describing geometric ideas, reference points, and directional words. 
Research has indicated that spatial language can support spatial reasoning skills [28]. In a 
previous study of BLV students, Argyropoulous [29] found that BLV students leveraged spatial 
language, touch, movement, and prior knowledge when conceptualizing geometric shapes. This 
finding supports the results of the present study, in which the research team found evidence of 
the BLV participants using spatial language, including words describing geometric features. In 
addition, directional words, such as cardinal directions, are frequently used by BLV populations 
to navigate or orient themselves in space [30]. The results of this work support this idea and 
reveal the importance that this type of language has for BLV individuals who are completing 
tasks that require the use of spatial ability. By encouraging BLV youth to use spatial language 
and by teaching them different types of spatial language through guided activities, their spatial 
reasoning and/or spatial ability skills may be able to be strengthened. In addition, educators may 
benefit from understanding how BLV students conceptualize spatial concepts and the language 
they use to do so as they develop learning materials that are accessible to these populations. 
Future studies could elaborate on these initial results by investigating the complexity of spatial 
vocabulary used by the participants or the frequency in which the participants used spatial 
language WR�XQGHUVWDQG�WKH�LPSDFWV�WKHVH�PD\�KDYH�RQ�VWXGHQWV¶�XQGHUVWDQGLQJ�RI�VSDWLDO�
concepts.  



  

Use of origami terminology 
 
This study involved observing BLV high school students as they participated in an online 
engineering experience where they engaged with origami and engineering drawing activities. 
Previous research has highlighted how origami and paper folding activities can be used in 
educational settings to support students in developing abstract reasoning skills, fine motor skills, 
and spatial visualization skills [31]±[33], as well as for targeting spatial ability [34]. However, 
there has been little research conducted to understand how origami instruction can impact the 
spatial ability of BLV individuals. In turn, there is limited research that explores the type of 
language that BLV students use when participating in origami activities. The present study aimed 
to fill this gap by providing insights into how BLV high school students used common origami 
WHUPV��VXFK�DV�³PRXQWDLQ�IROG´�DQG�³YDOOH\�IROG�´�DV�ZHOO�DV�GLIIHUHQW�W\SHV�RI�VSDWLDO�ODQJXDJH��
such as geometric ideas and reference points, to complete origami activities. Results showed that 
the BLV participants used origami terminology as they were defined in their provided 
vocabulary lists (shown in Appendix A) as well as using their own interpretations of certain 
words, such as XVLQJ�WKH�ZRUG�³FUHDVH´�V\QRQ\PRXVO\�ZLWK�WKH�SKUDVH�³IROGHG�HGJH�´� 

Understanding how BLV students use, interpret, and make meaning of origami terminology can 
help educators develop relevant and engaging origami and paper folding content for BLV 
audiences. Origami activities may help BLV populations refine their spatial ability and spatial 
visualization skills while providing them with a creative outlet to create an artifact of personal 
interest to them.     

Preference of specific, succinct instruction 
 
This study revealed the importance of specific, succinct instruction for the participants in the EQ 
program. This finding provides an initial insight into ways that BLV youth receive and interpret 
spatial information. By providing concise instructions that are easy for BLV students to 
understand, they may be more successful in completing spatial-related activities. When 
facilitating large groups of students or students in a virtual environment, having specific 
instructions that detail how a particular origami shape should look upon completion of a fold can 
help mitigate the amount of students who fall behind because they missed a step. In addition, 
specific instructions can help clarify how to complete certain steps in the folding process, 
limiting the amount of students whose origami models are incorrectly completed. This is 
especially true for online programming, as a virtual environment can be a disadvantage for 
students as they are unable to get hands-on feedback on the folds they are performing in real time 
[27].  In addition, providing multiple methods of description may help more BLV students 
connect with a particular idea and relate it back to their prior knowledge about a certain topic or 
how to perform a particular task. One student may relate more to an instruction describing a fold 
EHLQJ�GRQH�IURP�³HDVW�WR�ZHVW�´�ZKLOH�DQRWKHU�PD\�XQGHUVWDQG�WKLs instruction better if it were 
GHVFULEHG�DV�EHLQJ�GRQH�IURP�³right to left�´ Educators should remain open to using multiple 
ways of describing spatial information to ensure a broader range of student conceptualizations 
are accounted for.   
  
Different types of strategies for success 
 



  

The results of this study revealed that the EQ participants used different types of strategies, such 
as tactile, analytical, or cognitive, to ensure their continued success throughout the program and 
to mitigate challenges they may have experienced. These challenges included navigating the 
difficult format of the virtual program, having difficulty understanding the terminology used in 
the origami and engineering drawing lessons, and experiencing difficulty visualizing diagrams or 
models in two and three-dimensions.  
 
The study results demonstrate the importance and viability of these strategies for those in the 
BLV population. The importance of tactile strategies in particular was also found in 
ArgyrRSRXORV¶V�[29] study of how BLV students gain experience about geometric shapes. Their 
study found that tactile experiences, such as feeling cardboard cutouts of different types of 
shapes, were integral to how BLV students conceptualized geometric shapes and their features 
(e.g., sizes of angles and lengths of lines). In the present study, participants in the EQ program 
commented on the ways that they used tactile methods, such as feeling crease lines that were 
imprinted on a folded piece of paper or using three-dimensional manipulatives to understand the 
representation of a two-dimensional drawing. They implemented these strategies to interpret 
geometric and spatial information and perform various tasks throughout the program activities. 
This finding is expected, as BLV populations commonly use tactile methods for acquiring 
information and learning. This finding was also expected because the materials that the students 
were provided with were all represented in tactile formats (e.g., tactile graphics, Braille, and 
tactile drawing tools). It was therefore expected that the program participants would utilize 
tactile strategies when engaging in the activities. Additionally, the instructors of the EQ program, 
many of who were blind, modeled tactile strategies to the participants.   
 
Instructors and educators should leverage various types of strategies, such as tactile, that are used 
by BLV students and strive to incorporate elements of these approaches into educational 
materials for the classroom. Encouraging BLV students to make use of strategies that are useful 
to them can help these students feel empowered to overcome challenges they may experience 
throughout their education.  
 
Relationships among types of spatial language  
 
Last, this study provides preliminary insights into relationships between how BLV high school 
students use spatial language and the ways they use different types of spatial language in 
combination with one another. One example that was presented in this paper was the relationship 
between being prepared for the activities and learning from the activities. The results from this 
study suggest that students who were more prepared to engage with the content of the activities 
also found that they were able to learn more from them. Students prepared for the activities in 
various ways, such as doing the asynchronous activities before the next synchronous session 
(e.g., watching videos, reading articles, or solving tactile puzzles) or working on their origami 
projects on their own time.  

Another example was the relationship between how the program participants used symmetry with 
other aspects of spatial language, such as describing location. Participants used language 
describing different origami features in terms of symmetry, such as describing how to fold edges 
of a piece of paper to the middle, talking about certain features that should mirror each other 



  

across the center of the paper, and ensuring that two portions of folded paper were even with 
each other.   

In addition, the hands-on learning opportunities in the EQ program helped the participants learn 
from the activities. An example that was presented in this paper was a student who commented 
on the effectiveness of having tactile drawings of different line types used in engineering 
drawings. This participant highlighted the importance that this aid had on their learning; having 
the tactile drawing made it easier for them to create their own version of the engineering drawing 
pattern. This aid also supported them in knowing how and when to make different types of lines 
to represent certain features, such as folded lines and raw edges. This finding is notable because 
blind students typically do not have access to diagrams, since these types of aids are primarily 
presented in visual formats. In addition, having access to an example drawing made it much 
easier for the students to create drawings of their own. When teaching sighted populations how 
to create technical engineering drawings, visual examples are provided to demonstrate line types 
and different views of the object (e.g., front, top, right). Blind populations, however, may be 
expected to recreate engineering drawings (or other artifacts that are traditionally represented 
visually) without being provided examples in formats that are accessible to them.      

Conclusions 
 
In order to encourage participation in engineering from BLV populations, engineering 
experiences for this group should be improved. This study provided insights into the types of 
spatial language that BLV high school students used as they engaged with origami and 
engineering drawing activities. Findings from this study can inform future development of 
engineering activities for BLV students by incorporating types of spatial language that are 
relevant to this population.  

Interventions that encourage BLV individuals to use spatial language and engage tactually with 
content designed to improve their spatial ability should be promoted. This study highlighted one 
example of an experiential program designed to engage BLV high school students with 
engineering content tactually through paper folding and engineering drawing. Educators should 
understand the types of spatial language that are used by BLV individuals and recognize that 
many types of educational content in STEM are not designed with BLV individuals in mind. 
Recognizing the ways in which this population uses spatial language and spatial information is 
one way that content designed for targeting spatial ability can be tailored to incorporate 
perspectives from BLV populations.     

By understanding more deeply how BLV individuals use spatial language when engaging with 
tactile activities, STEM content can be designed to be more inclusive for all populations. 
Providing BLV students with opportunities to engage with STEM content may also encourage 
more students from this population to pursue engineering pathways or endeavor to develop 
engineering and technical literacy. The results of this study provide a preliminary understanding 
of how this population uses spatial language and can inform future curricular efforts going 
forward. This work will also inform the development of future offerings of this engineering 
program offered by the NFB to continue to encourage BLV youth to engage with STEM content. 



  

Future work can use the results of this study to compare how spatial language is used by BLV 
populations compared to sighted populations. Future work could also leverage these findings to 
study other aspects of spatial ability in BLV learners, such as exploring differences in spatial 
ability among genders, impacts of using origami to prepare students to learn engineering 
concepts, or the effect of different engineering activities, other than origami or drawing, on 
spatial ability. 
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Appendix A 

 
Table 4 
 
List of origami vocabulary words that were provided to the engineering program participants in 
the activity kits that were mailed to them.  
 

Fold Definition 

Crease The line that results from folding and unfolding paper. 

Fold To bring two parts of a sheet of paper into contact and then flattening 
the paper to make a sharp edge. 

Valley fold Formed by folding paper towards you and over another part of the 
paper. 

Mountain fold Formed by folding paper away from you and underneath another part of 
the paper. 

Model A completed origami project. 

Raw edge An edge that has not yet been folded. 

Folded edge An edge where a fold creates two layers of paper. 

Crease pattern 
When you unfold a model back to a flat piece of paper you can observe 
the crease lines that result from the various folds. This pattern is called a 
crease pattern. 

Diagonal fold A fold that results from folding one corner to meet the opposite corner, 
creating a diagonal crease across the paper. 

Modular origami 
A type of origami where many sheets of paper are folded into often 
identical units or modules. These units are then slotted together to form 
larger geometric designs. 

Tessellation An arrangement of shapes, particularly polygons, closely fitted together 
in a repeated pattern without gaps or overlapping. 

Base A combination of folds that can be used as a starting place to create 
various models. 

Cupboard base The result of folding left and right hand edges to a central crease. The 
resulting model resembles a cupboard.  


