Teaching and Learning Innovation Journal 1 (2017) 1-8

TeLe(In)? Contents lists available at ULERevistas

Teaching and Learning Innovation Journal

Teaching and Learning

Srovetion nsfitiie telein2.wordpress.com/

Optimizando la complejidad para mejorar el aprendizaje
Optimising Complexity to Improve Learning

Dr. Bruce Hilliard®, Dr. Jocelyn Armarego®

@School of Engineering & Information Technology, Murdoch University, Perth, Australia

Abstract

Este estudio trata sobre un elemento clave de diseno, relacionado con el nivel de complejidad del material visual, y
su efecto sobre la comprensién e impresiones sobre la audiencia. Para cuantificar este efecto, se ha desarrollado un
modelo indicativo de la curva de complejidad, basdndose en investigaciones previas sobre este tema. Esta curva de
complejidad ha mostrado que una complejidad moderada, tiende a producir resultados 6ptimos de aprendizaje. Para
probar este modelo, se crearon una serie de presentaciones control, con la aplicacién de complejidad moderada. Después,
se desarrollaron variaciones de estas presentaciones. La tnica diferencia entre las presentaciones control y las variaciones
fue la aplicacién de cambios especificos en la complejidad de los elementos visuales. Los cambios incluyeron el uso
de imagenes incongruentes, que tenian contenido de muy baja complejidad y se fue aumentando la complejidad con
la adicién de animaciones superfluas. Los datos sobre la comprensién y las impresiones fue recopilada a través de un
proceso experimental formal. Los datos recogidos indican que la curva de complejidad desarrollada a partir de estos
datos, es valida. Estos resultados tienen implicaciones importantes para el diseno del aprendizaje y todas las formas de
diseno visual basado en ordenador.

This paper addresses a key element of design, which relates to the level of complexity in the visual material, and its
effect on viewer comprehension and impressions. To help quantify this effect, an indicative Complexity Curve model was
developed from previous research on the topic. This Complexity Curve showed that moderate complexity was most likely
to produce optimal learning outcomes. To test this model, a series of Control Presentations were created, which applied
moderate complexity. Variants of these presentations were then developed, so the only difference between the control and
variant presentations was the application of specific changes in the complexity of the visualisation. These included the
use of incongruent pictures, providing very low complexity content, and increasing the complexity by adding extraneous
animations. Comprehension and impressions data was then collected through a formal experimental process. This
collected data indicated that the developed Complexity Curve appeared to have validity. These results hold important
implications for learning design and all forms of computer-based visual design.

Keywords: Educacién, Diseno de aprendizaje, psicologia, psicofisica, Teoria cognitiva de carga, Ciencia Cognitiva
Education, Learning Design, Psychology, Psychophysics, Cognitive Load Theory, Cognitive Science

1. Introduction tributes is complexity. In this context, complexity refers to

) o o ‘the number of independent features of the stimuli’, ‘the
To create a science-based holistic model for optimising number and variability of the elements, and a factor re-

the use of visuals in learning, Hilliard (2016) developed 1,04 with the overall structure of the elements’ (Roberts,

a Unified Design Model (UDM) and an associated set of 97 1, 99.93). According to Tufte (1990) inappropriate
practical design guidelines. The UDM and guidelines ad-

dressed the attributes illustrated in Figure 1.
As indicated in the design of Figure 1, an overarching
issue that affects, and is affected by, all of the other at-

use of complexity within the visual material can adversely
affect the communication of information.

For example, visual complexity can directly impact on
the effectiveness of memory retention (Tuch, Bargas-Avila,
Opwis, & Wilhelm, 2009), attention, impressions (Geissler,
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Figure 1: The attributes in the Unified Design Model (UDM)

viewer’s experience of pleasure and arousal (Wu, Hu, &
Shi, 2013).

However, a detailed analysis of guidance in design and
psychological publications, which was carried out in Hilliard
(2016), identified that there was a paucity of detailed guide-
lines on managing complexity. This paper focusses on just
one key element of this management, which relates to the
level of complexity that should be applied when designing
visual materials, such as PowerPoint presentations, web
pages and eLearning systems.

2. Context

The level of complexity can be affected by a range of vi-
sual and content design factors (Bennett, Toms, & Woods,
1993; Donderi, 2006; Tufte, 1997, 2001; Vitz, 1966). For
instance, Roberts (2007) identified aspects such as the va-
riety of elements on the screen, the potential for object
recognition, scene organisation (gist), and aspects such as
symmetry or asymmetry, as key design factors that affect
the discernment of complexity.

Additionally, the colour combinations used (Cummings
& Tsonis, 2006; Pathiavadi, 2009), pictorial/graphical de-
sign techniques applied (De Westelinck, Valcke, De Craene,
& Kirschner, 2005; Makaramanee, 1985; Moreno & Mayer,
1999), the typography utilised (Green, 1981; Rayner, Re-
ichle, Stroud, Williams, & Pollatsek, 2006), and the anima-
tions that are implemented (Huff & Schwan, 2011; Mineo,
Peischl, & Pennington, 2008; Schnotz & Rasch, 2005) also
directly influence viewer assessments of complexity.

In other words, levels of complexity are influenced singly
and jointly by each of the other design attributes shown
in Figure 1. The key question, however, is how much
complexity is appropriate to optimise communication and
learning?

A. How much complexity is appropriate?

Presentation design experts such as Duarte (2008), Reynolds

(2010, 2012), Gabrielle (2010) and Kosslyn (2007) each
talk about simplification of the visual content, but an anal-
ysis of their books indicated that extreme simplicity was
not their aim. Alternately, Schnotz and Kurschner (2007)
identified that both low complexity and high complexity

material also produced suboptimal communications out-
comes. Consequently, the application of moderate com-
plexity appeared to be an optimal design choice. This con-
cept is illustrated in Figure 3, which correlates complexity
with a viewer’s attention, preferences (impressions), and
interest.
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Figure 2: The effects of complexity on attention, preferences
and interest (Complexity Curve)

Figure 3 was developed by rationalising and coalescing
information provided in Vitz (1966), Wang, Yang, Liu,
Cao, and Ma (2014), Berlyne (1970), Day (1967), Hillyard
(1979), Roberts (2007), Thorson, Reeves, and Schleuder
(1985), McNamara, Kintsch, Songer, and Kintsch (1996),
Surenda, Nikunj, and Spears (2005), Geissler, Zinkhand,
and Watson (2006), Granger (2012), Schnotz and Kurschner
(2007), and Schnotz and Rasch (2005).

As illustrated in this Complexity Curve, the following
aspects appear to characterise the effects of varying com-
plexity:

e Low complexity. Low levels of complexity may only
generate:

0 minimal attention and interest (Geissler et al.,
2006);

0 decreased levels of arousal and lower impres-
sions ratings (Berlyne, 1963; Roberts, 2007; Ter-
williger,1963); and

O reduced learning outcomes (McNamara et al.,
1996),which are possibly associated with view-
ers’ lower levels of attention and impressions
(Balfanz, Herzog, & Mac Iver, 2007; Marks,
2000).

e Moderate complexity. Moderate complexity can sig-
nificantly increase acceptance of the information, the
level of attention, and viewer preferences (Geissler et
al.,2006; Roberts, 2007; Surenda et al., 2005; Vitz,
1966).However, the complexity must be aligned to
the delivery and processing of the key material, and
designers should avoid increasing complexity through
extraneous content or visualisations (Brunken, Plass,
& Leutner, 2004; Paas, vanGog, & Sweller, 2010;
Schnotz & Kurschner, 2007).



e Higher complexity. Once the complexity of the ma-
terial exceeds working memory capacity it becomes
counter-productive, and attention, preferences and
interest can fall significantly (Brunken et al., 2004;
Butcher, 2003;McNamara et al., 1996; Schnotz &
Rasch, 2005; Vitz,1966).

B. Understanding the validity of the model

However, the Complexity Curve shown at Figure 3
could only be considered an indicative model, because the
guidance in each of the contributing publications differed
substantially. For example, many publications used dis-
similar slope diagrams, or provided no direct indication of
the curve at all. Consequently, this figure just applied one
generalised slope for the Complexity Curve, which lever-
aged the content defined in Vitz (1966).

3. Description

A. Owverview of the research process

To assist in determining the validity of this Complexity
Curve model, a set of experiments were conducted within
the framework of the UDM research explained in Hilliard
(2016). This approach entailed the following phases:

e Phase 1. An extensive study into each of the var-
ious attributes was conducted using material col-
lected from design publications, and research in the
fields of neuroscience, psychophysics, biopsychology
and cognitive science. From more than 1600 publica-
tions analysed in this phase, a set of tentative design
principles was developed.These tentative principles
rationalised and amalgamated a wide range of nar-
rowly focussed experiments, so they could be used
to create a holistic design methodology.

e Phase 2. The tentative principles were then applied
to create a set of Control Presentations (CP), which
reflected the design advice gleaned from a wide range
of earlier research. In particular, these CP were de-
signed to fundamentally apply moderate complexity,
by using the techniques explained in Hilliard (2016).
Each of these CP explained various maths related
subjects, which were separated into discreet Numer-
acy Modules (NM).Additionally, a range of ambigui-
ties were identified in the Phase 1 research (e.g. pre-
vious experiments presenting contradictory findings,
or key aspects not being clarified by earlier research).
To investigate these ambiguities, variations of each
CP were created. These modified versions of the CP
covered the same numeracy content, but the visuali-
sation techniques applied in these Variant Presenta-
tions (VP) were modified in carefully defined ways
that allowed specific hypotheses to be investigated.

e Phase 3. Participants from Murdoch University
were separated into groups using Stratified Random

Allocation techniques, to balance key demographic
attributes and numeracy skill levels across the groups.
Each participant in the experiments then accessed
the experimental materials online, through the Learn-
ing Management System (LMS). They then carried
out the following steps at their own pace, and at a
time that was convenient for them:

O Step 1. Each participant completed a standard
Diagnostic Test (DT) to determine their level
of knowledge related to the NM, prior to them
viewing the stand-alone visual presentation.

O Step 2. After completing the DT, each person
viewed either the CP or VP PowerPoint pre-
sentation for that NM. The CP or VP versions
that they were allowed to view were carefully
controlled by the LMS, so everyone in specific
groups viewed the same CP or VP.

O Step 3. As soon as possible after finishing Step
2, each participant was asked to complete a
Post Test (PT).The PT included similar ques-
tions to the DT, so differences in test outcomes
could be identified.

O Step 4. The participants were then requested
to answer a set of standard impressions ques-
tions. These impressions surveys included ten
questions that were answered by making selec-
tions within a Likert Scale response list (e.g.
Strongly Disagree to Strongly Agree). Each of
these questions was specifically mapped to the
attributes within the UDM, so different effects
could be isolated. Additionally, two qualitative
questions were included, to find out what they
liked most or least about the presentation they
had viewed.

e Phase 4. The collected response data was then

analysed to determine the following:

O Comprehension. Differences in test scores be-
tween the DT and PT were used to identify how
much of the visual information had been com-
prehended. As the maths content in both the
CP and VP were the same,the key differences
generated in the data should have been related
to the changes in visualisation.

00 Impressions. The impressions surveys used the
same questions for the groups viewing either
a CP or VP.Their Likert Scale responses were
quantified for scoring purposes on a continuum
from 1 (Strongly Disagree) to 5 (Strongly Agree).
These collected data were used to identify dif-
ferences in impressions for members of the groups,
and therefore demonstrate how variations in the
visualisation influenced viewer feelings.



Table 1: Participants in each set of experiments - and as delineated by key demographic/physiological variables

Experiment Set | Numeracy n n by Gender n by Age Group n by English as First | n by Vision Problems | n by Colour Blindness
Module # (Male / Female) (18-30/ 31-50 / >50) | Language (Yes/No) (Yes/No) (Yes /No)

JsE Incongruence 5 117 27190 92/24 /1 103 /14 5/112 1/116
g“é@, 14 95 35/60 7411912 81/14 7188 3/92
29 é Low complexity 2 126 33/93 96/26/4 109 /17 7/119 21124
g‘;—ﬁ % 9 195 53/142 163/28/4 169 /26 5/190 21193
5_% % é High complexity 6 114 35/79 88/20/6 100/14 8/106 171113
z e 10 171 64 /107 125142174 160 /111 3/168 21169

. =& Incongruence 5 66 22144 54/11/1 58/8 1/65 1165
= m-ga 14 148 39/109 12312312 128 /20 77141 17147
é % % é Low complexity 2 218 61/157 189/25/4 293125 10/208 3/215
3§§§ 9 141 46 /95 106/31/4 125/16 5/136 21139
EL% = g g High complexity 6 35 147121 25/9/1 32/3 0/35 1134
10 178 44 /134 14213214 152 /26 71171 11177

Figure 3: The effects of complexity on attention, preferences and interest (Complexity Curve)

B. Specific experiments covered in this paper

Three sets of interrelated experiments were implemented,
to test the hypothesis (H1) that moderate complexity (as
achieved through the application of the identified tenta-
tive principles in the CPs), enhanced viewer comprehen-
sion and impressions. The three sets of experiments can
be categorised as follows:

e Incongruence. The CP for each NM was designed
to utilise reinforcement of the text-based message
through a range of different techniques. One of these
techniques included the application of congruent re-
inforcing graphics,which were designed to assist the
viewer to understand and retain information related
to the text. VPs were developed for two NM (Mod-
ules 5 and 14). These were designed to modify the
CP approach, and moderately increase complexity.
The technique entailed removing the congruent re-
inforcing graphics and replacing them with pictures
of clowns (Module 5) or cats (Module 14), which had
nothing to do with the topic being discussed.According
to Rauterberg (1994) this type of approach should
have increased the level of complexity in a relatively
subtle fashion. Consequently, it was hoped that these
sets of experiments would assist in defining the peak
of the complexity curve in relation to the moderately
complex CPs.

e Low complexity. Two VPs were created to sub-
stantially reduce visual complexity. These were cre-
ated for NMs 2and 9. In practice, these changes re-
duced the level of visual complexity to a state similar
to the utilisation of a simple overhead projector slide,
or a book printed in black and white. To achieve this
objective all chromatic colours, non-essential graph-
ics, and animations, were removed from the slides.
This set of experiments aimed to help determine
whether the lower part of the Complexity Curve could
be validated.

e High Complexity. These VPs changed the ani-
mation sequences used in the associated CPs. The
changes were applied to variants in Modules 6 and 10
content. This meant that none of the other graph-
ics or text elements used in the associated CP were
affected. However, the animations were designed to
significantly increase complexity and cognitive load.
For example, multiple simultaneous, complex, incon-
sistent, and unnecessary animations were applied.
This set of experiments was therefore designed to
investigate the effect at the upper end of the Com-
plexity Curve.

C. Participants

Table 1 shows the number of participants who com-
pleted the experiments appropriately, so their data could
be included in the analysis. This table also delineates the
participants in terms of key characteristics, which were
used to determine if other independent variables may have
been influencing the outcomes of the experimentation. These
characteristics included gender, age group, whether En-
glish was their first language (EFL) (as they had to read
the content), whether they had vision problems that could
affect their ability to view the content properly, and whether
they were colour blind.

As the participants were allocated specifically to each
set of experiments, the groups were separate and indepen-
dent. Consequently, the differences in the individual and
aggregated results achieved by those people who viewed
the CP or associated VP could be assessed to determine
variance.

In particular, this meant that the influences of the dis-
similarities in visualisation applied in the variants could
also be separated effectively from other demographic (i.e.
gender, age, EFL) or physiological factors (i.e. vision prob-
lems, colour blindness).



4. Results

A. Utilising the Collected Data

The results from the various sets of experiments were
assessed in terms of the differences between the compre-
hension scores achieved, and the impressions responses al-
located by individuals, who viewed either the CP or the as-
sociated VP. The collected data was then analysed through
statistical measures that included the following:

e Cohen’s d Effect. As shown in Table 2, the mean
improvements in test score for each group viewing
either the CP or associated VP were collated. Sim-
ilarly, the mean Likert scores from the impressions
surveys for each group were also averaged. The effect
size was then calculated using Cohen’s d formula.
The associated effect size descriptions provided in
Table 2 conform to the advice provided in Cohen
(1988) and Rosenthal (1996).

e Univariate General Linear Model (UGLM).
UGLM calculations were carried out to assess vari-
ance influenced by differences in the visualisation,
as well as gender, age, EFL, vision problems and
colour blindness. The results are illustrated in the
right hand columns of Table 2.However, for the pur-
poses of brevity, this table only gives the data for
the effects attributable to the changes in visualisa-
tion, once all other insignificant demographic and
physiological factors had been removed from the cal-
culation. The assessment of significance was made in
relation to the significance level of 5% (o = 0.05). A
more detailed description of the effects related to the
demographic and physiological factors is provided in
Hilliard (2016).

B. Ezxplaining the results

As illustrated by the information provided in Table 2,
the results from the different sets of experiments can be
categorised as follows:

e Incongruence. Although the average comprehen-
sion related improvement in both Module 5 and 14
was lower for the variant group, the differences be-
tween the CPs and associated VPs were not signifi-
cant. This outcome was also supported by Cohen’s
d, which identified that the effect of adding the in-
congruent graphics had a small influence on the com-
prehension outcomes. Alternately,there were mixed
impressions results achieved in the sets of experi-
ments conducted for Modules 5 and 14. For instance,
the impressions differences between the groups were
not significant in Module 5, but they were in Mod-
ule14.These differences were also reflected in the ef-
fect sizes for the two sets of experiments, with Mod-
ule 14 achieving a Cohen’s d outcome that was ap-
proaching the moderate classification. In summary,

therefore, the application of incongruent graphics did
not appear to have affected the level of complexity
enough to influence the comprehension results sig-
nificantly. Alternatively, the impressions were ad-
versely affected significantly in Module 14. The cau-
sation for this difference was investigated in Hilliard
(2016), but the outcomes relate to issues that are
beyond the scope of this paper.

o Low Complexity. In these sets of experiments, the
provision of very low complexity content in the VP
did not create a significant effect in relation to the
outcomes achieved by those viewing the moderately
complex CP versions. However, the impressions re-
sults for both sets of experiments were significantly
lower for the VP groups. Additionally, Cohen’s d
demonstrated that the effect size was large.

e High Complexity. The high complexity VPs pro-
duced the most dramatic effects. For example, the
comprehension results for the VPs in both sets of ex-
periments were significantly lower than those for the
associated CP. Furthermore, the Cohen’s d identified
that the effect size was medium for comprehension
differences. By far the most substantial effect, how-
ever, was on viewer impressions. As shown in Table
2, the effect size was assessed as large (Module 6)
and very large (Module 10),with the VPs produc-
ing significantly lower impressions outcomes. Just
as importantly, there was a very high drop-out rate
from the VP viewing groups in these experiments.For
instance, only 35 participants actually bothered to
complete the VP experiment for Module 6. This
low number reflects the fact that 169 participants
simply did not bother to finish the required tasks
properly (e.g. did not finish viewing the presenta-
tion). The high drop-out rate is likely to be the
result of the negative impressions generated by the
variant treatment. These negative feelings were il-
lustrated by viewer comments, which indicated that
this treatment was ‘confusing’ (e.g. from Partici-
pants 5058,5286, 8010), ‘annoying’ (e.g. from Par-
ticipants 5286,5786, 8004), ‘frustrating’ (e.g. from
Participants 6039,6327, 8016), and ‘hard to watch’
(from Participant 5921).

C. Discussion

To assist in understanding how these differences re-
flect the effects of complexity, Figure 3 plots the variance
between the mean comprehension and mean impressions
scores for the CP and VP in each set of experiments. The
x-axis in this graph delineates the differences in compre-
hension (e.g. control minus variant). The y-axis shows the
differences between the mean impressions for the CP and
VP (e.g. variant minus control). The differences for each
of the sets of experiments are shown within the scatter-
plot utilising specific icons, to make it easier to identify



the different groups of complexity levels. These icons are
explained in the chart legend. The polynomial trend line
is based on the formula shown at the bottom right hand
corner of the graph.

The first striking aspect of this graph is the holistic
similarity between the trend line in this plot and the com-
plexity graph shown in Figure 2. In particular, the level
of complexity appears to have affected the outcomes as
follows:

e Low complexity. In these sets of experiments there
was very little difference in the comprehension for the
control and variant groups. However, these variants
provided substantially lower impressions outcomes
than their associated controls. Consequently, the low
complexity in this case provided worse impressions
outcomes than the moderate complexity applied in
the controls.

e Moderate complexity. As discussed earlier, the
incongruence experiments were designed to provide
somewhat more complexity than the control. Fig-
ure 3shows that this treatment generated impres-
sions outcomes that were closer to the results from
the controls, than those achieved by either of the
other two sets of experiments. In other words, this
treatment appears to have been closer to the top of
the Complexity Curve than the other complexity re-
lated variants. However, it is noteworthy that these
experiments produced lower comprehension and im-
pressions results than the associated CPs, so the level
of complexity in these VPs appears to have gone be-
yond the peak of the identified Complexity Curve.

e High complexity. This treatment generated the
lowest comprehension and impressions results. High
complexity therefore appears to have provided vi-
sual stimuli that was well past the peak of the curve.
It is particularly noteworthy that this outcome was
achieved by simply adding extraneous animations to
the presentations.

Consequently, the following can be surmised from these
three sets of experiments:

e The research used to develop the model in Figure
2 appears to have been validated by these experi-
ments, as the optimal approach leveraged moderate
complexity.

e The hypothesis (H1) was supported, because the mod-
erate complexity applied in the controls produced
the highest comprehension and impressions outcomes.

D. Limitations and other factors

Although the data produced clear results that have
helped to quantify the Complexity Curve, the results also
appear to have been influenced by demographic and phys-
iological factors. For instance, the negative impressions
identified in the low complexity sets of experiments may
have been influenced by the ages of the participants. As
shown in Table 1, more than 81% of the participants who
viewed the low complexity content were in the 18-30 age
group. This age factor was identified as having a signifi-
cant influence on the impressions results in both Module
2 (MS = 2.969, F = 10.430, p | 0.001) and Module 9 (MS
= 1.927, F = 7.723, p = 0.001). Consequently, although
these issues were taken into account within the statistical
analysis, it is possible that the negative impressions related
to the low complexity treatment may have been due to the
different expectations of the younger participants. As an
example, it is possible that the younger participants would
have higher expectations about the use of colour and an-
imation, than older participants. For this reason, further
clarification of the issues is apropos.

A range of additional issues are also discussed in Hilliard
(2016), but for the sake of brevity they are not addressed
in this paper.

E. Further investigation

Although these sets of experiments support the gen-
eral tenets of the Complexity Curve approach, they do
not provide enough specific data to rationalise and val-
idate the slope of the curvature, so this concept can be
utilised more rigorously in design. Follow-up investigation
will therefore require a series of specific experiments that
just focus on refining the complexity related guidelines ex-
plained in Hilliard (2016).

5. Conclusions

This paper was designed to explain just one important
aspect of design, which relates to complexity. As identified
in the Complexity Curve, the objective should typically be
to develop content that reflects moderate complexity, and
this can be achieved by carefully controlling the attributes
such as the message structure, colour, backgrounds, lay-
out, arraying of the visual material, typography, graphics
and animation.

Such management of the material is important, be-
cause the failure to provide moderate complexity can ad-
versely affect comprehension of the content, and create
negative impressions. Consequently, these issues need to
be taken into account by anyone designing presentations,
web pages or eLearning systems.
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