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Abstract: The production of design graphics is a common part of design practice. The author’s practice 
experience suggests a link between graphic production and the development of technical design skills 
in students and early-career professionals. This study uses a design studio focusing on technical grading 
at an LAAB-accredited university in the United States as a case study to observe the relationship be-
tween graphic products and production techniques in terms of developing technical design skill. Find-
ings suggest the creation of graphic products may be carried out to the detriment of the development of 
technical grading skills. Potential avenues to improve the relationship between graphic production and 
technical design skills are offered and future research pathways to better understand the phenomenon 
are discussed.  
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1 Introduction 

Landscape architecture is a profession “embracing a field of highly technical and specialized 
knowledge” (SUNDLOFF 2017). Landscape architects rely daily on this specialized, technical 
knowledge to produce, document, and thereby communicate the results of their design work. 
Although training in technical design skills (TDS) commences with design education, it nec-
essarily continues through one’s career as a practicing professional. The point of transition 
will be unique to each educational program and indeed, each student, as it will be for each 
professional and practice. In my professional practice career, I was responsible for training 
early-career landscape architects in the daily activities of designing and documenting projects 
for construction. During this time, I observed a trend that seemed widespread regardless of 
which educational program was attended: new professionals were much better prepared to 
apply the techniques of drawing and graphic production than they were in their desire and 
ability to apply technical design thinking to their work. 

My professional experience suggests that the development of TDS (not merely design or 
communication techniques), primarily occurs in practice rather than during a student’s time 
in school. While practice must play a central role in the continued training and development 
of TDS, the observed “handing-off” of TDS training to practice may be detrimental to stu-
dents and practice alike, providing an incomplete and unrealistic understanding of the com-
plete design process for the student who must then be reoriented once in the practice envi-
ronment. This reorientation effort may contribute to an unnecessarily high training burden on 
practitioners resulting in inefficiencies, lost productivity and profitability, and increased risk 
exposure to firms.  

Professional design education is confronted by a conundrum which potentially contributes to 
this observation. Learning how to design is most effectively encouraged by doing design. 
This is typically accomplished in educational settings via the studio model. However, a sig- 
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nificant weakness to this model reveals itself in the resultant student focus on finished graphic 
product rather than design process (LAWSON 2005).  

2 Background and Objectives 

TDS is understood in this paper as those skills which are employed in the technical creation 
of graphic products or the completion of specific technical design tasks. Graphic products 
require considerable technical expertise in their production. Technical design skills are those 
which are utilized to translate conceptual design ideas into concrete ones that can be docu-
mented for implementation. In this sense, grading, layout and dimensioning, materials spec-
ification, and other similar tasks, which require considerable technical design skill to com-
plete and document, would fall within the realm of TDS.  

This paper explores the possibility that the studio model reinforces the development of 
graphic techniques (product) at the expense of full consideration of design task relationships 
(process). As aptly noted by LAWSON, there is a distinct difference between design-as-prod-
uct and design-as-process approaches (2005). This paper does not assert that the design-as-
product approach described by Lawson and suggested in my academic and professional ex-
perience is intentional. Among the possible reasons, the requirements of time and needed 
focus on particular design skills or problem types makes it difficult for students to develop a 
process which can address a complete set of potential project realities, and this has a limiting 
effect on the development of their TDS. LAWSON describes student design processes as being 
“self-reflective” crafted primarily to satisfy their own notions of successful design, and pos-
sibly those of their instructors rather than satisfying the needs of a real-world project (2005).  

LAWSON further describes the danger when “the drawing begins to dominate the conversa-
tion, sets the agenda and ultimately becomes the designed object” (2005). He notes that this 
appears to be a more prevalent issue the further the design gets from the possibility of imple-
mentation and as such, is sadly common for most student design projects (2005). Contempo-
rary reliance on digital tools, the degree of reality achievable in the final graphic product, and 
the extent of familiarity which students generally have with technology may exacerbate this 
issue. It is possible, particularly for technical design, that students may have come to rely on 
the computer to “visualize”, and even “think” for them instead of visualizing and thinking 
for themselves.  

“If we want to discuss with a computer how well a design might work in some functional or 
technical way, then the computer needs knowledge not just about geometry but about what 
the graphical elements actually represent” (LAWSON 2005). The ability to understand spatial 
quality and functional relationships has not been well-developed within machines and re-
mains within the purview of the designer. Students may unconsciously believe that, due to 
the realism of views so easily rendered by their computers, the machine does understand the 
reality of what is being represented in the image to the point that they no longer recognize 
the need to understand the reality of, and relationships between the objects themselves.  

In design literature, the term “visualization” is regularly used or can be easily interpreted as 
a noun in reference to a graphic product or as a verb describing the act of producing that 
product (KULLMAN 2014, KINGERY-PAGE & HAHN 2012, MERTENS 2010, CANTRELL & 
MICHAELS 2010). The term “visualization” is much less frequently utilized as a verb describ-
ing the active internal visualization of design possibilities (LAWSON 2005). Research within 
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the cognitive psychology domain provides important insight into ways this simple usage dif-
ference can help change the paradigm to provide more complete integration of technical 
thinking into the design processes of landscape architecture students. Though not specific to 
design, these studies describe visualization as an internal mental process, one in which the 
designer internally visualizes and manipulates the subject (i. e., design elements) prior to 
communicating those manipulations to external entities (DAHL et al. 2001, COHEN & HEGAR-
TY 2007). In this way, “visualization” is an internal creative act preceding production of the 
“display,” or the graphic product documenting that visualization. (HEGARTY et al. 2012, 
CANHAM & HEGARTY 2010, KEEHER et al. 2008, KHOOSHABEH & HEGARTY 2010).  

Additional graphic resources (LASEAU 2004, LIN 1993, REID 2002, CANTRELL & MICHAELS 
2010) place a great degree of emphasis on the techniques of the drawing to reproduce a spe-
cific graphic outcome. LASSEAU suggests that skill in manual drawing (particularly sketch-
ing) supports skill in “seeing” and postulates that improved “sight” should lead to better de-
sign thinking (2004). Similar benefits for digital “drawing” have been described by 
BELANGER & URTON when discussing photomontage (2014). This limited sampling certainly 
doesn’t represent the full body of literature regarding this subject, but in the context of edu-
cation, does seem to support a student design-as-product understanding that the author’s prac-
tical experience reinforces.  

This paper describes an observational study which introduces possible negative interactions 
between the two types of technical skill, 1) graphic production, and 2) technical design, es-
pecially where digital graphics are used, and discusses ways to enhance the development of 
technical design thinking in students of design.  

3 Methods 

To observe the phenomenon, student exposure to graphic products, production methods and 
tools, as well as the level of technical design skill related to technical site grading activities 
apparent in site and grading plan submittals were studied. One course was targeted in the 
curriculum at an LAAB-accredited university in the United States as the case study. Observed 
levels of TDS in the target course were analyzed over two semesters (FALL 2020 & FALL 
2021) to test the relationship between required graphic products and the degree of technical 
design skill those products exhibited.  

The target course selected for study is a 5-credit hour, in-person studio course taught by the 
author to students in their 6th semester (beginning of 3rd year) within the 5-year MLA pro-
gram. The course topic is site design implementation and focuses on the technical design 
skills required to design and document construction projects on a 4-6-acre site. The studio is 
structured to mimic a practice design process where deliverables are submitted at intervals 
of completion but are not “final” until the end of the semester. For instance, preliminary site 
plans are submitted in an incomplete form, then updated and annotated for the final site plan, 
which in turn serves as the base for the grading and planting plans. The site design is required 
to be adjusted as grading, planting, and materials choices may dictate, even after the site plan 
has been submitted. In this way, the grading plan can be used as it would in practice to criti-
cally inform important site design decisions. This type of design thinking is extensively mod-
elled by the instructor in real time with graphic products required of the students being con- 



652 Journal of Digital Landscape Architecture · 7-2022 

spicuously utilized and reinforced as process examples, not simply products themselves. Ex-
amples of course demonstration graphics are provided in Figures 1 and 2. 

 
Fig. 1: Example of site design and grading process demonstrated in real-time (i. e., site 

design is still in progress, grading is used to finalize retaining wall locations and 
heights, drain, pipe and swale locations) 

  

Fig. 2: Section and site plan examples showing continuous connected surfaces and appro-
priate vertical relationships (water will flow through conveyance devices, left im-
age), and disconnected surfaces and broken vertical relationships (water will not 
flow through conveyance devices, right image) 
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A unique site and grading design was developed by the instructor concurrently with student 
design efforts using the same site and program requirements. Graphic feedback was provided 
as process-level (preliminary) manual graphics suited to the studio environment to further 
exemplify the implied student design process. Figure 2 represents typical feedback graphics 
provided by the instructor. Design program requirements and site locations varied between 
course offerings, but deliverables and lecture content remained consistent. Course topics in-
clude detailed site design and materials specification supporting the design and documenta-
tion of a detailed, technical grading plan unique to each student. For the purposes of this 
study, technical grading was selected as the focus product/skill. 

Graphic products utilized by the instructor in lecture, software lab, group and individual desk 
review settings to study design and grading relationships, grading process and grading tech-
niques, and to provide design feedback were included in the analysis. Additionally, courses 
with a heavy graphic component occurring concurrent with or prior to the target course were 
also briefly reviewed to understand the level of familiarity students had with developing 
manual and digital graphic products expected in the target course to support technical grading 
design and documentation task activities.  

Based on this analysis, TDS Indicators were derived as umbrella categories containing ex-
amples of occurrences of lower-than-expected TDS exhibited on final submitted graphics. 
(Graphic Manifestations). Manifestations were documented if 50% or greater of the final 
grading plans submitted contained the manifestation. The graphic products reviewed in this 
analysis (those required as part of the target course, utilized in earlier or concurrent course-
work, or demonstrated and recommended for use by the professor during the course) are 
included in the “Techniques” column.  

To improve reliability and generalizability, the included TDS Indicators and Manifestations 
were discussed for applicability with a professor of practice in another LAAB-accredited 
program. This professor has been teaching technically-focused courses with content similar 
to the target course for nearly 40 years. Additionally, the TDS Indicators and Manifestations 
have been reviewed in the context of my professional experience and correspond well with 
observations from training early-career professionals having graduated from this and many 
other accredited programs across the United States. 

4 Results 

The five TDS Indicators derived from the study are summarized in Table 1 and reflect the 
categories of TDS inadequately represented in required graphics. They also suggest potential 
areas of improvement in the educational process which are discussed in the next section. 
Manifestations included are generalized, but represent specific, recurring examples of how 
an expected level of TDS is contraindicated in the associated graphic products. In the cases 
documented in Table 1, drawings produced do not exhibit the level of TDS expected.  

To understand the relationship between the manifestations observed and how graphic product 
and production might influence those manifestations, two scores were developed to docu-
ment familiarity with graphic products and processes and the use of those products as tools 
within the design process. The two scores are Familiarity with Process (FWP) and Use as 
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Design Tool (UDT). Two additional measures were developed to analyze the scores and un-
cover relationships among the data. The two measures are UDT variance and FWP/UTD 
variance. A composite score was derived from the resulting data to synthesize conclusions. 

Table 1: TDS Indicators, Manifestations and Techniques Expected 

 TDS Indicator Manifestation Techniques 
1 Drawing objects represent real 

objects 
• Object Definition 
• Object Symbology 
• Plan Annotation 
• Plan Completeness/Clarity 

Plan 
Legend 

2 Design objects (real things) are 
not flat and contain (often hid-
den) component parts  

• Design object interrelationships 
• Design object thickness/height 
• Slope height/length 
• Slope/pipe relationships 

Plan 
Section 
3D model 

3 Water flows across/through the 
site and should be intentionally 
directed/designed 

• Flow response to design objects 
• Water flow intention 
• Existing contour signatures 
• Use of concentrated flow devices 

Plan 
Section 
3D Model 

4 Landform surfaces (whether 
horizontal, vertical, or sloped) 
are all directly interconnected 

• Recognition of all site surfaces (usu-
ally those not visible on plans) 

• Use of grade change devices 
• Grading disconnects surfaces 

Plan 
Section 
3D Model 

5 Technical grading requires 
intense and precise documen-
tation 

• Purpose/use of spot elevations 
• Purpose/use of contours 
• Proposed contour locations 
• Proposed contour signatures 
• Application of grading process 

Plan 

Familiarity with Process (FWP) scores were assigned based on the frequency with which 
that type of graphic product and production process was required prior to and concurrent with 
the target course. Higher scores indicate a higher expected familiarity. Each semester requir-
ing the use of each product type prior to or including the target semester was assigned one 
point, then summed to obtain the final score. Numeric scores range from 0 (no familiarity) to 
6 (very high familiarity). Familiarity scores include the frequency of student use in non-target 
courses, and the frequency of student and instructor use within the target course. Frequencies 
were not weighted based on degree of use during individual semesters or courses. FWP scores 
provide a basis for understanding where students could reasonably be expected to be regard-
ing the use and production of graphic products in the design process.  

Use as Design Tool (UDT) scores were assigned based on the frequency and extent of use as 
a design tool, as observed by the professor during studio interactions and within final deliv-
erable products. There is a direct correlation between this score and the frequency of mani-
festations observed on submitted graphic products as well as the timing of use of the graphic 
observed during the course. Manifestations observed at a higher frequency result in a lower 
Use as Design Tool score. Higher scores indicate more frequent and appropriate use of each 
graphic product as a tool in the design process. Numeric scores range from 0 (no observed 
use as a design tool) to 6 (frequent and appropriate observed use as a design tool), as shown 
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in Table 2. Scores are reflective of activities in the target course only and are related to those 
activities supporting the technical grading design and documentation. 

UDT scores are separate and distinct from the stated learning objectives of the target course 
and do not represent any type or degree of graded outcome. For the purposes of this study, 
UDT minimal competence corresponds to a UDT score of four (4), as indicated in Table 2. 
This score was chosen because it represents the point of divergence from an apparent focus 
on graphic production to recognizing and using graphic products as part of the design process. 

Table 2: “Use as Design Tool” scores and evaluation description 

UDT Score Evaluation Description 
0 (Absent) No observed use of the graphic product as a design tool 
1 (Very Low) Very unfamiliar with the use and production of the graphic product 
2 (Low) Familiar with product. Exploratory use during the design process is rare 
3 (Moderate) Production proficiency evident. Product predominantly used as final doc-

ument graphic. Product infrequently used in design process 
4 (High) Products regularly used during the design process (often with instructor 

prompt). Use during the design process is infrequently documented  
5 (Very High) Products frequently used as part of the design process with some inde-

pendence. Use during the design process is occasionally documented 
6 (Excellent) Appropriate use during the design process is frequent and independent. 

Use is frequently documented in final deliverables 

The measure of UDT Variance calculates the difference between the level of TDS compe-
tence expected (corresponding to a UDT of 4) and the observed raw UDT score. This measure 
seeks to modulate potential misleading interpretation of raw UDT scores alone by using the 
variance as a baseline for comparison across graphic products. Negative UDT Variance 
measures are theoretically possible but were not observed in this study. 

The measure of FWP/UDT Variance recognizes the importance of considering UDT together 
with FWP to avoid misleading interpretations of the scores separately. UDT scores, while 
necessary and interesting to consider individually, correlate more directly to reality when 
considered in the context of familiarity with the graphic product. The FWP/UDT Variance 
measure is calculated as the difference between FWP and raw UDT scores. Negative 
FWP/UDT Variance measures were observed in this study and their interpretation is dis-
cussed in the next section. 

Table 3 summarizes the graphic products required for the target course which support crea-
tion of a technical grading plan and documents the FWP and UDT scores. Also shown in 
Table 3 are the two variance measures derived from the FWP and UDT scores which support 
conclusions related to the initial hypothesis that repeated exposure to graphic product types 
(high FWP) should be observed to subsequently result in observations of frequent use in the 
design process (UDT), whether explicitly stated or evaluated within the curriculum or not.  
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Table 3: Required graphic products and techniques with assigned and calculated scores 

 Graphic Product 
Required 

Production Method 
Required 

FWP UDT UDT 
Var. 

FWP/U
DT 
Var. 

1 Prelim. Site Plan Manual (BW ink/graphite) 6 3 1 3.0 
2 Prelim. Materials Schedule Digital (InDesign) 4 2.5 1.5 1.5 
3 Final Site Plan Digital (ACAD) 3 3.5 0.5 -0.5 
4 Final Materials Schedule Digital (ACAD) 3 2 2 1.0 
5 Prelim. Design Sections Manual (Graphite) 6 2 2 4.0 
6 Prelim. Grading Plan* Manual (Graphite) 2 3.5 0.5 -1.5 
7 Final Grading Plan* Digital (C3D/ACAD) 2 2 2 0.0 
8 3D Model(s) Digital (C3D) 1 0 4 1.0 
9 Detailed Site Sections Digital (C3D/ACAD) 2 0 4 2.0 

 * Plan types are both technical grading plans, not design grading plans 

The TDS Composite Score (TDSC), summarized in Figure 3, was calculated by averaging the 
UDT Variance and FWP/UDT Variance measures. TDSC scores are simply used as a numer-
ical indicator of the observed level of TDS exhibited in the required graphic products con-
sidered in the context of the degree of familiarity expected with the product. This score pro-
vides a simple basis for drawing conclusions, though it is important to note that analysis to 
establish statistical reliability of the data was not attempted as a part of this study. 

 

Fig. 3: TDS Composite Scores for each graphic product type 

5 Discussion 

It is important to note that instructor observations, and therefore the assessment of UDT 
scores and the resultant measures are somewhat subjective. However, the level of subjectivity 
is not considered to cloud the validity of the results as the purpose of the study is to explore 
the potential relationships between the use of graphic products and TDS, not to experimen-
tally test those relationships. This degree of testing will need to be carried out in future studies 

(1) Prelim. Site Plan 
(2) Prelim. Materials Schedule 
(3) Final Site Plan 
(4) Final Materials Schedule 
(5) Prelim. Design Sections 
(6) Prelim. Grading Plan 
(7) Final Grading Plan 
(8) 3D Model(s) 
(9) Detailed Site Sections 
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utilizing this or another diagnostic tool as a guide. None of the graphic products met the 
threshold for UDT minimal competence, though two were within one point of doing so, as 
indicated by UDT Variance measures: (3) Final Site Plan and (6) Preliminary Grading Plan. 
Use of five (5) of the graphic products was required in at least half of the semesters, with the 
greatest familiarity being with (1) Preliminary Site Plan and (5) Preliminary Design Section 
products (both scoring 6). Familiarity was quite low among the remaining four (4) graphic 
products due to the infrequent use of those skills in the curriculum prior to the target course 
(products #6-#9 scored 2, 2, 1 & 2, respectively). 

It is expected that graphic products with a high degree of familiarity should be observed to 
subsequently exhibit a high degree of use as a design tool. Accordingly, high FWP scores 
should result in similarly high UDT scores. A simple analysis of FWP and UDT scores indi-
vidually does not support this conclusion. More importantly, however, the FWP/UDT Vari-
ance measure is needed to more accurately understand how well graphic products exhibit 
TDS compared with a reasonable expectation of familiarity. An FWP/UDT Variance meas-
ure of zero (0) or lower is expected to correlate with a UDT that indicates graphic product 
use at or beyond the level suggested by the corresponding FWP score. Three (3) graphic 
products exhibited a measure of 0 or lower, indicating expectations were met or exceeded for 
UDT when compared against FWP: (3) Final Site Plan, (6) Preliminary Grading Plan, and 
(7) Final Grading Plan. On one hand, this observation corresponds with the initial hypothesis 
that few product types would be used effectively as design tools. However, this observation 
was also somewhat unexpected as two of the graphic products were related to grading activ-
ities in apparent contradiction to the initial hypothesis. Additionally, the result for (6) Pre-
liminary Grading Plan is particularly noteworthy, due primarily to the large degree of differ-
ence between UDT and FWP scores. However, upon consideration, the observations noted 
here could support the conclusion that perhaps students are placing greater emphasis on vis-
ualization and production of plan graphics at the expense of other graphic product types. 

Only three graphic products: (1) Preliminary Site Plan, (3) Final Site Plan, and (6) Prelimi-
nary Grading Plan received a UDT score of 3.0 or higher. This may support the conclusion 
that students may place greater emphasis on plan graphics compared with other required 
graphic types. This may be a significant observation when considering TDS Indicators (2), 
(4), and (5), as it suggests a potential reason why manifestations regarding connected surfaces 
and the flatness of design objects may be observed as well as the degree of completion of 
grading documentation. The correct and frequent use of preliminary, detailed sections should 
resolve issues leading to these manifestations. UDT scores lower than 3.0 may also indicate 
that emphasis was placed on the production of the graphic alone, on the development and 
application of graphic production techniques, and/or that the graphic was completed at a point 
in the project process not supportive of active design feedback.  

The level of minimal competence as indicated by TDSC scores of zero (0) or lower was only 
met for two products: (3) Final Site Plan and (6) Preliminary Grading Plan. This outcome 
may suggest two possibilities. The first is that the required graphic products are not utilized 
effectively to inform and confirm design decisions. The second possibility is related to stu-
dent expertise with the graphic product and/or the timing of product production and use in 
the overall design process. For instance, due to the presentation of lectures and lab demon-
strations, the production of the required 3D model and final sections was not well-timed to 
coincide with student design and production processes which may have contributed to the 
observed lack of use. However, it has also not been observed that students take advantage of 
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their knowledge of how to construct such helpful design tools by creating early TIN surfaces 
from existing topographic information and cutting sections through those surfaces to under-
stand existing topographical relationships and early conceptual proposed grading changes. 
The value of these two products as design tools may be overlooked and subsumed within the 
desire to complete the proposed plan first.  

Results suggest (5) Preliminary Design Sections is the product of greatest concern, sharing 
the highest TDSC Score of three (3) with only one other product, (9) Detailed Site Sections. 
Contributing to this high TDSC Score is the high FWP of six (6), indicating use in all six 
semesters, but a UDT score of only two (2). The high TDSC Score for (9) Detailed Site 
Sections, while reflecting an FWP of only 2, has a UDT of zero (0), indicating no observed 
use as a design tool. Similarly, (8) 3D Model(s) has a TDSC Score of 2.5, due to the lack of 
apparent use as a design tool despite having very low familiarity. Additionally, TDSC Scores 
for (1) Preliminary Site Plan, (2) Preliminary Materials Schedule and (4) Final Materials 
Schedule indicate less than expected use as design tools given the relatively high familiarity. 
Potential reasons for why sections were so underutilized are unclear given the high FWP 
score and emphasis placed on their use during the target course. Upon closer review, the low 
FWP score for (8) 3D Model(s) could be misleading as it only documents the lack of student 
experience with this specific model type (TIN surfaces created using CAD/C3D software) 
despite extensive student experience with physical and virtual modelling processes using 
other software. If all modelling experience were considered, the FWP score for this product 
would be 6 instead of 1, resulting in a FWP/UDT variance of 6 and a TDSC score of +5.  

TDSC scores were not weighted and assume that UDT variance and FWP/UDT variance are 
equally important in the development of TDS. More studies will need to be carried out to 
determine whether one is more important than the other and the degree of that difference.  

FWP scores may be incomplete as they only take into consideration courses for which there 
is a heavy graphic component (i. e., studio courses). Non-studio courses which require 
graphic products, notably in the use of InDesign, may increase the familiarity of that platform 
or product type. Additionally, the score may negatively impact TDS level graphic products 
as they have not been introduced or practiced nearly as much and will therefore take more 
time to learn. The CAD programs used for these tasks are very complex and mastery cannot 
be expected in a single semester. However, due to the consistent time devoted each week 
during the lab component and the specificity of training and expertise provided by the in-
structor, the negative impacts on the observations are anticipated to be minimal, but this 
would need to be studied further to understand to what extent the results may be affected by 
this phenomenon. 

Pandemic restrictions required during the study period may have impacted the study results. 
Restrictions did introduce some variability in the delivery method of lectures, but those im-
pacts were perceived to be minimal. More significant impacts, however, may have arisen due 
to the modified structure of studio environments. Pre-pandemic, students were vertically in-
tegrated into studios, meaning students from each cohort, from 1st to 5th year, are mixed be-
tween studios. During the pandemic, each cohort was separated into distinct units within dif-
ferent studio spaces and very little vertical integration occurred, creating a more siloed design 
environment. Importantly, while vertical integration was not possible during the pandemic, 
in-person interaction between the professor and students was maintained throughout.  
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The literature suggests the timing of student interaction with graphic displays may be a crit-
ical component of developing the cognition required to fully understand the purpose of the 
graphic and accept and implement internal or external feedback regarding it (KEEHNER et al. 
2008, KALYUGA 2008, YUE & CHEN 2001). The tight semester schedule and pandemic-im-
pacted studio environment does not readily support the flexibility required to finely adjust 
the delivery of feedback. The study did not seek to directly test this aspect of the studio 
experience. Similarly, research with spatial displays indicates that the display type, method 
of creation, and timing of creation in relation to the experience level of the creator and prox-
imity to project processes may all contribute to the cognition required to understand and ap-
preciate the complex technical requirements of the project (KEEHNER et al. 2008, KALYUGA 
2008, YUE & CHEN 2001). This research is limited in that it did not attempt to study these 
variables. Another limitation of the study is that other individual-specific variables were not 
controlled, such as actual and effective time spent on design and documentation activities or 
effort to learn and apply the necessary supplemental information required to inform a com-
plete design solution.  

6 Conclusions 

The results of this study clearly suggest a correlation between graphic production and ob-
served levels of TDS without establishing causation. Technical design is a complex endeavor 
and there are likely many contributing factors to the observations documented here, many of 
which are possibly more strongly correlated with instruction than with student aptitude. 
Given the consistency of the observations across cohorts, educational programs, and even 
into practice, the results could support the statement that the correlation is symptomatic of 
the way technical skills are taught throughout the educational process. If indeed an educa-
tional issue, it is likely one created unintentionally. Nonetheless it supports an environment 
where students may be at a disadvantage as their ability to develop the cognition necessary 
to think about and improve their own TDS may be somewhat limited.  

The degree and timing of expertise a student possesses may impact the cognitive abilities of 
the student to use the experience of display production in both design-as-process and design-
as-product realms (KEEHNER et al. 2008, KALYUGA 2008, YUE & CHEN 2001). The type, 
degree of accuracy and detail, and timing of creation and use of graphic products should be 
intentionally planned and regularly reinforced. Graphic products should be reviewed in terms 
of how helpful they should be to students in specific areas of technical designs; for instance, 
when to use sections of differing accuracy and detail, or when to use TIN surface models 
generated using digital tools. Perhaps simply requiring more preliminary or process deliver-
ables might prompt improved TDS. This course intentionally avoids increasing graphic re-
quirements for several reasons. First, to avoid prescribing the entire design process for stu-
dents and to allow them the flexibility to discover their own unique processes; second, to 
minimize the already significant checklist of required graphic products, and third, to mini-
mize student expectation that significant technique and time to produce refined graphic prod-
ucts is required.  

More study will be needed to determine whether certain display types and production meth-
ods are more or less beneficial in terms of TDS development, and whether changes to curric-
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ula supporting enhanced student expertise in graphic interpretation, use and production tim-
ing could mitigate the issues illuminated by this study by increasing student awareness and 
metacognition. 
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