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Abstract
International comparisons suggest that middle school American students compare poorly 
to their international peers in tasks that require spatial skills. This deficiency in spatial 
skills is more prominent in females and has been linked to a lack of developmental activi-
ties influenced by gender norms. These deficiencies are especially concerning as increased 
spatial skills have been repeatedly linked to success in technology and broader STEM 
learning environments. In females, increased spatial skills have also been linked to positive 
affective outcomes. Formalised approaches to spatial skill development in middle school 
are rare and their effectiveness is often limited due to a failure to incorporate the perspec-
tives of practitioners when developing said programs. This paper analyses teacher percep-
tions of a program designed to address spatial skill development in middle school chil-
dren. The analysis is based on data collected from the 13 teacher participants at the end 
of each the 9 modules within the initial program delivery. An outline of program develop-
ment and examples of materials used are provided. Thematic analysis is used to examine 
teacher perceptions of program effectiveness and student affect. The findings highlight the 
impact of teacher perceptions on fidelity of implementation and the need for tailored pro-
fessional development. Implications for further program development, teacher professional 
development opportunities and the role of the practitioner in curriculum development are 
discussed.
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Introduction

Increased spatial skills have been linked to problem solving in technology education 
(Buckley et  al. 2019; Williams et  al. 2008). In addition research has consistently high-
lighted a relationship between spatial skills and performance in broader STEM learning 
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environments (Ramey and Uttal 2017; Wai et  al. 2009). Similar links between the most 
basic mathematical abilities (e.g. counting) and spatial skills have been observed in pre-
school populations (Hoshi et al. 2000; Zhou et al. 2006). The importance of spatial skills 
relative to more complex forms of STEM achievement has also been observed at middle 
school (Newcombe 2010), high school (Lubinski 2010) and university level (Maloney et al. 
2012). In addition Sorby et  al. (2018) present 5  years of program implementation data, 
with over 3000 participants, at university level and highlight links to future STEM perfor-
mance. In this study, not only did spatial skills improve, but students earned higher grades 
in a variety of STEM courses and women, in particular, were retained in engineering at 
a higher rate compared to those who did not go through the intervention. While further 
research is required to more fully understand the causal nature of the relationship between 
spatial skills and STEM achievement, a critical mass of research supports the supposition 
that “spatial ability plays a critical role in developing expertise in STEM” (Wai et al. 2009, 
p.817).

In light of recent PISA findings, the need to enhance STEM achievement in middle 
school level is more pressing than ever before (OECD 2016). PISA results have repeatedly 
highlighted the gap between American middle school mathematical achievements relative 
to their international peers. When this gap is further examined spatial skills are highlighted 
as one of the primary sources of this underachievement (OECD 2016). Sorby and Panther 
(2020) examined student scores on the four mathematics constructs included in PISA test-
ing. They found that US students are consistently behind students from high-performing 
Asian countries on the Space and Shape construct and also behind many of the other G7 
countries. The poor performance of American students on the Space and Shaped construct 
of PISA results in lower than expected mathematics performance overall, especially when 
considering that per student education spending in America is among the highest in the 
world. From a pragmatic perspective, it makes sense to target this under developed skill set 
as a starting point in a wider effort to enhance STEM achievement.

Spatial skills also play a particularly interesting role in the observed gender divide in 
STEM achievement. Within the last 40  years, differences across gender in math perfor-
mance have continually narrowed, yet differences remain in spatial domains (Else-Quest 
et al. 2010). A large scale meta-analysis noted that the “largest mean effect size in math 
achievement [between gender] was in the content domain of Space/Shape on PISA (d 
0.15)” (Else-Quest et  al. 2010, p.122). These differences have been attributed to envi-
ronmental factors that influence spatial skill development from a young age (Voyer et al. 
1995). The gender difference is especially evident in 3D rotations. A study on mental 
rotation-based data from 53 countries noted significant differences between gender (Lippa 
et al. 2010) across all countries. Gender differences in spatial skills have not decreased in 
line with broader mathematics assessments which saw the gender gap significantly reduced 
(Voyer et  al. 1995). Gender differences in spatial skills have serious implications for 
addressing current gender imbalances within STEM learning environments and highlights 
the need to address spatial deficiencies at a young age.

Gender differences in spatial tasks have been observed in children as young as 5 months 
as well as in adult populations. However, multiple intervention-based studies have demon-
strated that this gap can be reduced significantly (e.g., Sorby 2009). Improving spatial skills 
has also led to improvements in STEM achievement among females who have taken part in 
spatial skill development interventions demonstrating improved performance and increased 
retention (Sorby 2001; Sorby et al. 2018). This is reflected in recent research which exam-
ines the affective impact of successful spatial skills interventions. Participants, particularly 
female participants, who increase spatial skills also demonstrate reduced spatial anxiety 
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(Ramirez et al. 2012), mathematics anxiety (Ma and Cartwright 2003), fear of mathematics 
(Ashcraft and Kirk 2001) and stereotype threat (McGlone and Aronson 2006). The major-
ity of interventions aimed to address spatial skill deficiency tend to focus on university 
level students already enrolled in STEM programs. While this approach has been effective 
in terms of women who have already selected STEM program, it fails to address the gender 
imbalance and general lack of students entering these disciplines.

By addressing the lack of formal spatial skills development opportunities in a typical 
pre-college classroom, an intervention designed to develop these skills in middle school 
could potentially lead to increased STEM performance, reduced gender imbalance within 
STEM environments, and positively influence students’ affect for STEM pathways. How-
ever, when considering a teacher-led intervention, it is essential to consider teacher percep-
tions of effectiveness. Studies have shown that teacher perceptions regarding the quality 
and effectiveness of an intervention can influence fidelity and ultimately impact (Donnell 
and Gettinger 2015). Understanding variance in teacher perceptions and reactions to new 
practices is critical for successful large-scale implementation (Stuart et al. 2011). This has 
also been recognised at policy level—Datnow and Castellano (2000) stress that teacher 
attitudes are an essential component of successful implementation of interventions. As 
such, teacher perceptions are presented as a key variable in the effectiveness of any class-
room-based intervention and warrant examination.

Spatial skills and existing curriculum

The spatial skills development program that is examined within this paper has been 
designed in a modular fashion so that it can be incorporated into a wide range of existing 
curricula. The initial deployment examined in this study takes place in 7th grade math-
ematics classrooms in the US and as such aligns with principles taken from the National 
Council of Teachers of Mathematics (NCTM 2016). These principles and standards refer 
to developing visualization skills through hands-on experiences with a variety of physical 
resources but also through the use of technology. The program provides physical resources 
in order to facilitate a wide range of pedagogical strategies and also includes specially 
designed software which aids in differentiation and independent problem solving (Gerson 
et al. 2001). The standards reference an ability to interpret 2D information and transform 
it to a 3D representation, but also represent 3D objects using 2D systems. The exercises 
within each module reflect this need for deep conceptual learning that could be under-
mined if the lack of variety of activities resulted in procedural approaches to problem solv-
ing. This allows for development of a high level of mastery and conceptual understanding. 
There are many parallels between areas outlined by the NCTM (NCTM 2016) and areas of 
national underperformance as outlined by PISA (OECD 2016).

In implementing spatial reasoning within middle school mathematics classrooms, teach-
ers have been hampered by limited professional development opportunities related to how 
to develop spatial thinking and a lack of materials that are available for including this 
instruction in their everyday teaching (Moore-Russo et al. 2013). The materials described 
in detail in this article have been shown to improve students’ spatial reasoning skills and 
are suitable for inclusion in a middle school mathematics syllabus (Sorby 2009; Rafaelli 
et al. 2006). The materials have been pilot-tested in several middle school classrooms and 
are the focus of a current Goal 3 (Efficacy and Replication) research project from the Insti-
tute for Education Sciences through the U. S. Department of Education. While previous 
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deployments of the program support wider adoption, it is critical that the perspectives 
of teachers implementing the program are examined if the program is to be effective at a 
larger scale (Charalambous and Philippou 2010; Handal and Herrington 2003). The cur-
ricular materials used in the program are currently available for a nominal cost through 
higheredservices.org.

Structure of the spatial skills development program

The program outlined here has been developed in response to the growing need to target 
the development of spatial skills in a middle school setting. The modular nature of the pro-
gram reflects an overall design that seeks to be flexible in order to meet the requirements 
of an often crowded curricula while addressing the various pressing concerns of educa-
tors, researchers, and policy makers. The program consists of 10 modules. In previous pilot 
studies using these materials in middle school classrooms (Rafaelli et al. 2006; Sorby and 
Veurink 2019), teachers were allowed to flexibly adapt materials and offer them at times 
that were of their choosing and some modules were omitted from instruction all together. 
Positive outcomes in terms of spatial skills development and transfer to mathematics 
achievement were observed in these pilot studies. The modules have been designed so that 
they can be adapted to meet the requirements of existing scheduling structures. Each mod-
ule focuses on a particular aspect of spatial reasoning that has been empirically linked to 
overall spatial skill development (Buckley et al. 2018). While efforts have been made to 
increase the flexibility of the program by developing it in a modular fashion, there are some 
modules that must be covered in a linear manner in order to develop essential prerequisite 
skills. The various individual models and essential paths are outlined in Fig. 1.

Support resources

Each module is supported with a variety of resources including specialised software, video 
tutorials, PowerPoint slides, a teacher guide book and a student workbook. In addition, 
physical modelling materials are also recommended for use in teaching the curriculum. 
Manipulatives include Snap Cubes, honeycomb party favours that are used by the student 
to demonstrate the concept of solids of revolution, K’Nex pieces to create 3-D axes for 
object rotation, and paper patterns for nets that students can cut out and fold to create 3-D 
objects. A comprehensive set of resources provides opportunities for teachers to adopt a 
wide variety of pedagogical approaches suitable to their individual classroom and teach-
ing style. These resources have been developed with the help of practicing middle school 
teachers and have been refined through multiple development cycles.

Each module presents several different activity types with various difficulty levels 
presented to allow for differentiation. The different types of activity within each module 
require different approaches ensuring a more complete development of the skill targeted by 
the module. For example, within module 4-Orthographic Drawings activities require stu-
dents to interpret multiple 2D views and select the correct 3D view (see Fig. 2).

As the difficulty increases, students are required to interpret 2D views and then con-
struct a 3D solution. Conversely students are later required to interpret 3D views and con-
struct multiple 2D views that adequately convey all necessary information about the object 
(see Fig. 3).
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Transformation from 2 to 3D, and later from 3 to 2D, provides an excellent opportunity 
for formative assessment. In this manner, a teacher can ascertain whether a student is dem-
onstrating a conceptually sound understanding of the topic, or whether they are using rote 
steps to simply complete the exercise. This is representative of all module designs which 
aim to provide consistent opportunities for formative assessments and comprehensively 

Fig. 1   Program structure

Fig. 2   2D to 3D visualization and selection task
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address the prescribed skill. It should be noted that the modules were designed in a man-
ner that encourages teachers to employ their own chosen pedagogical strategies in order to 
reach, and enhance, the learning goals of each module.

Example module

The following is presented as an example of the implementation of just one module in 
the curriculum—Surfaces and Solids of Revolution. Implementation of the remaining 
nine modules would follow a similar pattern. The recommended coverage for each module 
begins with a mini-lecture on the topic [Access to PowerPoint slides for the mini-lecture 
for each module can be found at: https​://www.highe​redse​rvice​s.org/spati​al-cours​e-mini-
lectu​res/].

For module 1, the mini-lecture starts with definitions of Surfaces and Solids of Revo-
lution and how they differ from one another. Basically, a Surface of Revolution is like a 
thin ribbon in space—it has no volume, only surface area. A Solid of Revolution is a solid 
object with both a volume and a surface area. Figure 4 illustrates the difference between 
the two types of geometric entities.

Next students learn that a different surface/solid is obtained depending on which axis 
a person chooses to rotate the 2-D shape about. Figure 5 shows a 2-D shape that has been 
revolved about one axis and then a different axis, resulting in two distinctly different 
objects. Figure 5 illustrates this concept. Students then learn that a shape does not need to 
be revolved by a full 360-degree angle. The shape can be revolved 90, 180, or 270° and a 
different object will result each time.

The next principal to be covered is that a hollow object results if the shape being 
revolved is located a certain distance away from the axis of revolution as illustrated in 
Fig. 6.

Finally, students are instructed to visualize revolutions by first reflecting the 2-D shape 
across the axis of revolution and then connecting the corners of the shape with circles 
(Fig. 7).

After the students learn the basics about the topic for a given module, they spend time 
working with the software, either individually or in pairs. A sample of the software mod-
ule is found at: https​://www.highe​redse​rvice​s.org/HESpB​5KsQW​QJ/Modul​e_1/modul​

Fig. 3   3D to 2D Representation task

https://www.higheredservices.org/spatial-course-mini-lectures/
https://www.higheredservices.org/spatial-course-mini-lectures/
https://www.higheredservices.org/HESpB5KsQWQJ/Module_1/module_1_theme_1.html
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e_1_theme​_1.html. The software begins with background material similar to that illus-
trated in the PowerPoint mini-lecture and reinforces topics for the students with colourful 
animations designed to illustrate key points. After they have completed the software, stu-
dents are assigned various pages from the workbook. Appendix A includes sample pages 
from the workbook illustrating the different types of problems found in the Surfaces and 
Solids of Revolution module.

Evidence of impact

The Spatial Skills Development Program was previously used in a pilot study in partner-
ship with middle school students and teachers. The results shown in Fig. 8 were obtained 
with 8th grade students enrolled in an Integrated Technology course who completed the 
curriculum as part of the required course (Rafaelli et  al. 2006). These students demon-
strated a considerable improvement in several tests of spatial cognition, including those in 
Mental Rotation, Cutting Planes, Folding Patterns and Isometric Interpretation.

Fig. 4   Surfaces and solids of revolution

https://www.higheredservices.org/HESpB5KsQWQJ/Module_1/module_1_theme_1.html


	 J. R. Power, S. A. Sorby 

1 3

Fig. 5   Axis dependent revolution

Fig. 6   Hollow 3D part
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The use of the program with university students demonstrated similar improvement 
rates through numerous studies (Sorby 2001). Sorby et  al. (2018) presents data from 
a 5-year application of the program with over 3000 participants suggesting significantly 
increased spatial skills and highlights links to broader STEM success. In a middle school 
pilot study (Sorby and Veurink 2019), positive outcomes were obtained in terms of spatial 
skills development as well as mathematics achievement. In addition, as mentioned previ-
ously, the program outlined here is currently deployed in a large-scale middle school-based 
study funded by the Institute for Education Sciences of the U.S. Department of Education; 
preliminary results suggest the program is suitable and effective in a middle school set-
ting. However, the perspectives and values of teachers implementing this specific program 
remain unclear as teachers’ values regarding curriculum adoption have been found to be 
critical to initial effectiveness and development (Kirk and MacDonald 2001), the data pre-
sented here begin to answer these questions. With the effectiveness of the program previ-
ously established, the primary aim of the current study is to examine teacher perceptions 
regarding the design and delivery of the program.

Methods

In order to examine teacher perceptions, relating to the effectiveness and usability of 
the program, fidelity data was gathered at the end of each module. The program was ini-
tially delivered throughout the academic year 2016–17 after the completion of a train-
ing workshop attended by participating teachers. In total 13 teachers completed at least 

Fig. 7   Visualizing a revolution

Fig. 8   Middle school improve-
ment rates (Rafaelli et al. 2006)
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80% of the program as part of their regular classroom teaching during the academic 
year following the training workshop and were deemed eligible for inclusion in the cur-
rent study. The program was delivered in 13 separate middle schools in the Midwest 
of the United States of America to 7th grade students. Fidelity logs tracked comple-
tion of modules by teachers and included self-reported time spent on each activity and 
resources used within lessons. The focus of the current study is the qualitative answers 
provided in response to questions focusing on teacher perceptions of module effective-
ness and teacher perceptions of student affect and engagement for each module. In order 
to analyse this data, Braun and Clarke’s (2006) 6-step framework was employed. Review 
and coding were completed by the lead author of this paper. The first phase of analysis 
required a comprehensive review of all data in order to familiarise the researcher with 
the data set and create initial notes; the second phase coded responses. A review of all 
generated codes was completed during phase three in order to ensure consistency and 
to avoid overlap. Phase four resulted in the identification of themes within which these 
codes resided. This phase also examined links between themes. Phase 5 generated defi-
nitions for each theme in order to differentiate between each and to aid clarity in final 
reporting. Finally, phase 6 resulted in the report which outlines links between themes 
and forms the basis of this study (See Figs. 9, 10).

Trustworthiness was addressed in line with Nowell et al. (2017). Specifically, cred-
ibility, dependability and reflexivity informed the design and execution of the study. 
Credibility was enhanced through the use of peer debriefing (Lincoln and Guba 1986). 
Dependability was enhanced through rigorous record keeping with each of the 6 stages 
clearly documented and made accessible for peer review in line with Tobin and Beg-
ley (2004). Reflexivity was considered throughout the analysis and was again addressed 
through peer debriefing (Tobin and Begley 2004).

Fig. 9   Thematic map of teacher perceptions of program effectiveness
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Findings

The following section outlines teacher perceptions of module effectiveness and student 
engagement. Directly quoted material will employ a code to identify the individual teacher 
and the relevant module. For example, T3/M8 refers to Teacher 3 who just completed deliv-
ery of Module 8: Rotation of Objects About 2 or More Axis. Appendix B includes a table 
outlining common teacher perceptions grouped per module in order to examine frequency 
and identify common themes related to module design. Thematic maps are employed 
within this section in order to show the relationships between these themes.

Teacher perceptions of program effectiveness tended to focus on the value of the sup-
plied resources for each module and the relative difficulty in teaching each module (See 
Fig. 9).

Learning resources were frequently positively reported by teachers. The physical 
resources (snap cubes) are repeatedly cited as essential and very beneficial. Teachers fre-
quently reported that the cube models were useful as a medium for demonstrations but 
also as an aid for pupils to use independently, facilitating a wide range of pedagogical 
approaches.

T1/M3: The students enjoyed using the snap cubes to help them with visualization. 
This seemed to make the process much easier for most students. Many students 
struggled with the drawing aspect of the module.

The effectiveness of the cube resource was reported more frequently in modules that 
were identified as having a high difficulty. This is seen in module 3 where pupils are intro-
duced to isometric sketching.

T6/M3: Many of [th]em really struggled with the isometric drawing. They said hav-
ing the snap cubes was very helpful, but some even with the cubes had a hard time 
drawing the figures in isometric view.

Software was also positively and frequently reported, especially in relation to module 1, 
2 & 7. Descriptions focused on the usefulness of the software for introducing new concepts 

Fig. 10   Thematic map of teacher perceptions of student affect and engagement
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and the positive student affect associated with its use. Additional development of software 
could prove beneficial, potential benefit could be gained by focusing software support on 
modules identified as excessively difficult by teachers (Module 1, 3 & 4).

T1/M1: The software was helpful in describing revolutions
T5/M1: They all really liked the software. They also found the 3D party supplies 
helpful when visual[is]ing the revolutions, going from a 2D shape to the 3D solid.

Comparatively infrequent negative teacher affect was centred on initial technical dif-
ficulties and difficulty explaining new concepts to students. A common link was observed 
between teachers who expressed difficulty explaining concepts and identifying modules as 
excessively difficult for pupils. This suggests that low teacher self-efficacy to teach cer-
tain module-specific concepts could be potentially linked to perceptions of excessive stu-
dent difficulty. The impact of difficulty on self-efficacy has been linked to performance and 
engagement (Power et al. 2019) and highlights the need to calibrate difficulty in order to 
achieve the positive outcomes associated with high self-efficacy. This, in turn, highlights 
the importance of teacher professional development events and how comfortable teachers 
are with the material prior to initial delivery. Opportunities for further examination of these 
factors should focus on teacher spatial skills after going through the training workshop or 
examine longitudinally teacher perceptions as they deliver the program multiple times and 
thus becoming more familiar with the concepts from the curriculum.

Teachers’ perception of student affect was broadly positive and repeatedly linked to stu-
dent competence (Modules with high student affect: 1, 2, 3, 6, 9 & 10; low/negative student 
affect: 4, 7, 8) (See Fig. 10).

Modules that were deemed ‘difficult’ by teachers demonstrated lower frequency of per-
ceived student positive affect and low frequency negative affect (4, 7, & 8). Modules that 
addressed concepts linked to areas of prior learning were reported as easier to teach with 
associated positive student affect (9, 10). Teachers who reported difficulty explaining key 
concepts were less likely to link positive student affect to ability. Instead they tended to 
report excessive difficulty when asked for student perspectives. The role that teacher ability 
and knowledge plays in the delivery of the modules is worthy of further research.

Conclusions

The need to develop spatial skills in order to increase achievement in STEM learning 
environments has been firmly established (Stieff and Uttal 2015; Wai et al. 2009). How-
ever, teachers have been slow to implement practices aimed at developing spatial skills, 
in part due to a lack of available resources and associated professional development 
opportunities (Moore-Russo et  al. 2013). This has resulted in a fragmented approach 
to a system wide problem. Some students engage in activities such as building with 
Legos™ or playing certain 3-D computer games and naturally acquire spatial skills. 
However, opportunities to engage in these extracurricular activities is limited in lower 
socioeconomic groups (Wilbur and Roscigno 2016). As spatial thinking has been shown 
to be important to success in most STEM fields, a lack of access to such developmental 
activities further disadvantages those who are already less likely to enter, or succeed, 
in STEM pathways. A disproportionate number of the students who have weak spatial 
skills are women or are from low SES groups—the same students who are underrep-
resented in STEM and who could benefit most from pursuit of a high-paying STEM 
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career. Poorly developed spatial skills act as a barrier to STEM success for these stu-
dents and influence decisions related to future areas of study and career paths (Wai et al. 
2009). Therefor a formalised inclusion of spatial skill development activities within 
existing curricula is required if those who are most in need of these opportunities are to 
benefit.

The curricular materials described in this paper represent a viable method for devel-
oping spatial skills at the middle school level. The materials have been shown to be 
effective in improving spatial skills of students in a wide variety of educational settings, 
including at the university, community college, high school and middle school levels 
(Sorby 2001, 2009; Hungwe et al. 2007; Gerson et al. 2001). However implementation 
of new curriculum requires active consultation with teachers in order to support initial 
delivery and development for improved future iterations (Handal and Herrington 2003; 
Charalambous and Philippou 2010). By incorporating data based on teacher perspec-
tives, the current study elevates teacher voice beyond the typical local level of imple-
mentation while exploring inevitable variances in fidelity (Kirk and MacDonald 2001).

The value of tailored professional development opportunities is vital in this regard as 
it provides an opportunity to establish a dialogue and assess teacher needs. Future itera-
tions of the professional development for this program should focus on areas identified 
by teachers as difficult to teach or where they perceived their students to be engaging 
with activities that were excessively difficult (See Figs.  9, 10). This has the potential 
to develop conceptual understanding as well as teacher self-efficacy. Similarly, further 
development of resources should be focused on these perceived high difficulty modules. 
Future potential research could examine teacher spatial ability and self-efficacy to teach 
spatial topics in order to provide greater insight into the factors affecting program deliv-
ery and effectiveness.
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Appendix A

Module 8 Workbook Sample.
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Module 10 Workbook Sample.
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Appendix B

Module Numbers within this column identify individual teacher’s perspectives

1 Learning resources reported as positive: (Physical models 2, 5, 13; Software 1, 2, 3, 4, 5; Work-
book 2, 5,)

Negative Teacher Affect: (IT compatibility issues 4, 8; Nervous about difficulty level, pleasantly 
surprised by student response 2, 5, 6)

Positive student affect: (1, 2, 3, 4, 5, 7, 8, 9, 11)
Positive student affect associated with competence (1, 5, 8, 9, 10, 11, 13)
Multiple choice student difficulty (9, 11, 3, 12)
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Module Numbers within this column identify individual teacher’s perspectives

2 Learning resources reported as positive (Software 1, 2, 3, 4, 5, 13)
Difficulty explaining concepts (2, 3, 4, 7, 13)
Small group instruction effective (2, 3)
Positive student affect (1, 3, 5, 6, 7, 8, 9, 10, 12, 13)
Positive student affect associated with competence (4, 6, 9, 12)
Students experienced excess difficulty 2, 4

3 Learning resources reported as positive: (Physical models 2, 3, 4, 5, 8, 12)
Difficulty explaining concepts (2, 4, 5, 6, 10, 13)
Small group instruction effective 6, 8, 13
Positive student affect 4, 7, 9, 10, 11, 13
Positive student affect associated with competence 2, 3, 4, 6, 11, 13
Students experienced excess difficulty 1, 2, 3, 5, 6, 7, 8,

4 Learning resources reported as positive: (Physical models 2, 3)
Difficulty explaining concepts 6, 8, 10,
Positive student affect 1, 11
Positive student affect associated with competence 2, 5, 6, 13
Negative student affect 4, 6, 9, 10
Students experienced excess difficulty 4, 6, 7, 8, 9, 10

6 Learning resources reported as positive: (Physical models 3, 4, 13)
Easy to teach 6, 8, 9, 10
Workbook issue (p. 5 + 6) 11, 12
Positive student affect 1, 4, 5, 6, 7, 10
Students experienced low difficulty 3, 5, 6, 7, 8, 10

7 Learning resources reported as positive: (Physical models 1, 2, 3; Software 5, 8, 9, 10)
Small group/ individual instruction effective 12, 13
Easy to teach 5, 6
Positive student affect 1, 9, 11
Students experienced low difficulty 4, 6
Students experienced excess difficulty 1, 2, 3, 9, 10, 12
Drawing difficulty 1, 5, 6, 9, 10, 11, 12

8 Learning resources reported as positive: Physical models 1, 2, 3, 5, 6, 13
Positive student affect 1, 11,12
Students experienced excess difficulty 5, 6

9 Difficulty explaining concepts 9, 10
Positive student affect 3, 4, 5, 9, 10, 12, 13
Linked to prior learning 5, 12,
Students experienced low difficulty 4, 5
Students experienced excess difficulty 9, 10, 13
Drawing difficulty 9, 10, 13
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Module Numbers within this column identify individual teacher’s perspectives

10 Easy to teach 2, 6, 13
Positive student affect 1, 2, 9, 10, 12
Linked to prior learning 9, 10, 12
Students experienced low difficulty 2, 6, 10, 12

References

Ashcraft, M. H., & Kirk, E. P. (2001). The relationships among working memory, math anxiety, and perfor-
mance. Journal of Experimental Psychology: General, 130(2), 224.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative research in psychology, 
3(2), 77–101.

Buckley, J., Seery, N., & Canty, D. (2018). A heuristic framework of spatial ability: A review and synthe-
sis of spatial factor literature to support its translation into STEM education. Educational Psychology 
Review, 30(3), 947–972.

Buckley, J., Seery, N., & Canty, D. (2019). Investigating the use of spatial reasoning strategies in geometric 
problem solving. International Journal of Technology and Design Education, 29(2), 341–362.

Charalambous, C. Y., & Philippou, G. N. (2010). Teachers’ concerns and efficacy beliefs about implement-
ing a mathematics curriculum reform: Integrating two lines of inquiry. Educational Studies in Math-
ematics, 75(1), 1–21.

Datnow, A., & Castellano, M. (2000). Teachers’ responses to Success for All: How beliefs, experiences, and 
adaptations shape implementation. American Educational Research Journal, 37(3), 775–799.

Donnell, L. A., & Gettinger, M. (2015). Elementary school teachers’ acceptability of school reform: Contri-
bution of belief congruence, self-efficacy, and professional development. Teaching and teacher educa-
tion, 51, 47–57.

Else-Quest, N., Hyde, J., & Linn, M. (2010). Cross-national patterns of gender differences in mathematics: 
A meta-analysis. Psychological Bulletin, 136(1), 103–127.

Gerson, H. B. P., Sorby, S. A., Wysocki, A., & Baartmans, B. J. (2001). The development and assessment 
of multimedia software for improving 3-D spatial visualization skills. Computer Applications in Engi-
neering Education, 9(2), 105–113.

Handal, B., & Herrington, A. (2003). Mathematics teachers’ beliefs and curriculum reform. Mathematics 
education Research Journal, 15(1), 59–69.

Hoshi, Y., Oda, I., Wada, Y., Ito, Y., Yamashita, Y., Oda, M., et al. (2000). Visuospatial imagery is a fruit-
ful strategy for the digit span backward task: a study with near-infrared optical tomography. Cognitive 
Brain Research, 9(3), 339–342.

Hungwe, K. N., Sorby, S., & Drummer, T. (2007). Preparing K-12 Students for Engineering Studies by 
Improving 3-D Spatial Skills. International Journal of Learning, 14(2), 127–135.

Kirk, D., & MacDonald, D. (2001). Teacher voice and ownership of curriculum change. Journal of curricu-
lum studies, 33(5), 551–567.

Lincoln, Y. S., & Guba, E. G. (1986). But is it rigorous? Trustworthiness and authenticity in naturalistic 
evaluation. New directions for program evaluation, 1986(30), 73–84.

Lippa, R. A., Collaer, M. L., & Peters, M. (2010). Sex differences in mental rotation and line angle judg-
ments are positively associated with gender equality and economic development across 53 nations. 
Archives of Sexual Behavior, 39(4), 990–997.

Lubinski, D. (2010). Spatial ability and STEM: A sleeping giant for talent identification and development. 
Personality and Individual Differences, 49(4), 344–351.

Ma, X., & Cartwright, F. (2003). A longitudinal analysis of gender differences in affective outcomes in 
mathematics during middle and high school. School Effectiveness and School Improvement, 14(4), 
413–439.

Maloney, E. A., Waechter, S., Risko, E. F., & Fugelsang, J. A. (2012). Reducing the sex difference in math 
anxiety: The role of spatial processing ability. Learning and Individual Differences, 22(3), 380–384.

McGlone, M. S., & Aronson, J. (2006). Stereotype threat, identity salience, and spatial reasoning. Journal of 
Applied Developmental Psychology, 27(5), 486–493.

Moore-Russo, D., Viglietti, J. M., Chiu, M. M., & Bateman, S. M. (2013). Teachers’ spatial literacy as visu-
alization, reasoning, and communication. Teaching and Teacher Education, 29, 97–109.



	 J. R. Power, S. A. Sorby 

1 3

NCTM. (2016). NCTM Principles and Standards for School Mathematics, Grades 6–8 Edition Principals 
and Standards for School Mathematics. Accessed 17 July 2017.

Newcombe, N. S. (2010). Picture this: Increasing math and science learning by improving spatial thinking. 
American Educator, 34(2), 29.

Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. J. (2017). Thematic analysis: Striving to meet the 
trustworthiness criteria. International Journal of Qualitative Methods, 16(1), 1609406917733847.

OECD. (2016). PISA 2015 Results (Vol. I). Paris, France: OECD Publishing.
Power, J., Lynch, R., & McGarr, O. (2019). Difficulty and self-efficacy: An exploratory study. British Jour-

nal of Educational Technology. https​://doi.org/10.1111/bjet.12755​.
Rafaelli, L., Sorby, S. A., & Hungwe, K. (2006). Developing 3D spatial skills for K-12 students. Engineer-

ing Design Graphics Journal, 70(3).
Ramey, K. E., & Uttal, D. H. (2017). Making sense of space: Distributed spatial sensemaking in a middle 

school summer engineering camp. Journal of the Learning Sciences, 26(2), 277–319.
Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2012). Spatial anxiety relates to spatial 

abilities as a function of working memory in children. The Quarterly Journal of Experimental Psychol-
ogy, 65(3), 474–487.

Sorby, S. A. (2001). A course in spatial visualization and its impact on the retention of female engineering 
students. Journal of women and minorities in science and engineering. https​://doi.org/10.1615/JWome​
nMino​rScie​nEng.v7.i2.50.

Sorby, S. A. (2009). Educational research in developing 3-D spatial skills for engineering students. Interna-
tional Journal of Science Education, 31(3), 459–480.

Sorby, S. A., & Veurink, N. (2019). Preparing for STEM: Impact of spatial visualization training on middle 
school math performance. Journal of Women and Minorities in Science and Engineering. https​://doi.
org/10.1615/JWome​nMino​rScie​nEng.20180​24516​.

Sorby, S. A., & Panther, G. (2020). Is the key to better PISA math scores improving spatial skills? Math-
ematics Education Research Journal. https​://doi.org/10.1007/s1339​4-020-00328​-9.

Sorby, S., Veurink, N., & Streiner, S. (2018). Does spatial skills instruction improve STEM outcomes? The 
answer is ‘yes’. Learning and Individual Differences, 67, 209–222.

Stieff, M., & Uttal, D. (2015). How much can spatial training improve STEM achievement? Educational 
Psychology Review, 27(4), 607–615.

Stuart, S., Rinaldi, C., & Higgins-Averill, O. (2011). Agents of Change: Voices of Teachers on Response to 
Intervention. International Journal of Whole Schooling, 7(2), 53–73.

Tobin, G. A., & Begley, C. M. (2004). Methodological rigour within a qualitative framework. Journal of 
advanced nursing, 48(4), 388–396.

Voyer, D., Voyer, S., & Bryden, M. P. (1995). Magnitude of sex differences in spatial abilities: A meta-
analysis and consideration of critical variables. American Psychological Association.

Wai, J., Lubinski, D., & Benbow, C. P. (2009). Spatial ability for STEM domains: Aligning over 50 years 
of cumulative psychological knowledge solidifies its importance. Journal of Educational Psychology, 
101(4), 817.

Wilbur, T. G., & Roscigno, V. J. (2016). First-generation disadvantage and college enrollment/completion. 
Socius, 2, 2378023116664351.

Williams, P. J., Iglesias, J., & Barak, M. (2008). Problem based learning: Application to technology educa-
tion in three countries. International Journal of Technology and Design Education, 18(4), 319–335.

Zhou, X., Chen, C., Zhang, H., Xue, G., Dong, Qi, Jin, Z., et al. (2006). Neural substrates for forward and 
backward recitation of numbers and the alphabet: A close examination of the role of intraparietal sul-
cus and perisylvian areas. Brain Research, 1099(1), 109–120.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1111/bjet.12755
https://doi.org/10.1615/JWomenMinorScienEng.v7.i2.50
https://doi.org/10.1615/JWomenMinorScienEng.v7.i2.50
https://doi.org/10.1615/JWomenMinorScienEng.2018024516
https://doi.org/10.1615/JWomenMinorScienEng.2018024516
https://doi.org/10.1007/s13394-020-00328-9

	Spatial development program for middle school: teacher perceptions of effectiveness
	Abstract
	Introduction
	Spatial skills and existing curriculum
	Structure of the spatial skills development program
	Support resources
	Example module
	Evidence of impact
	Methods
	Findings
	Conclusions
	Acknowledgements 
	References




