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Abstract 

Background: Macroevolutionary time is a difficult idea to grasp and is considered to be a threshold concept in 
teaching and learning evolution. One way of addressing this subject is to use animations that represent evolutionary 
time. The aim of this descriptive and exploratory study was to investigate how various representations of time in an 
animation affect the way undergraduate students comprehend different temporal aspects of hominin evolution. Two 
factors, namely differences in timelines (the number of timelines with different scales) and the mode of the default 
animated time rate (either constant throughout the animation or decreasing as the animation progressed) were 
combined to give four different time representations. The temporal aspects were investigated using undergraduate 
students’ ability to find events at specific times, to comprehend relative order, to comprehend concurrent events, to 
estimate the duration of time intervals and their ability to compare the lengths of time intervals.

Results: The results revealed that “finding events at specific times” near to the end of the animation (closer to present 
time), where the sequence of events appeared very quickly, was more difficult for groups working with animations 
with only one timeline. We also found that the ability to comprehend concurrent events can be impaired if several 
timelines are displayed and the animation speed is relatively high. The ability to estimate the duration of a time inter-
val was more difficult for groups working with animations with only one timeline, especially at the end of the anima-
tion where the sequence of events occurred quickly. Making correct comparisons of time intervals was relatively 
independent of which animation was used with one notable exception: groups working with an animation featuring 
several timelines and a decreasing default animated time rate performed worst at comparing events with intervals 
that spanned parts of the timeline with different scales.

Conclusions: Our results indicate that the choice of animation should depend on the teaching intention. However, 
a visualization with several timelines, and an animated time which slowed down toward present time, generated the 
best results for the majority of items tested. Temporal scale shift may interfere with the perception of time in cases 
where durations are compared.
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Background
Challenges associated with teaching and learning 
evolution
The theory of evolution is considered to be the most 
important theory in biology, since it underpins all bio-
logical disciplines from ecology to molecular biology and 

biochemistry (Dobzhansky 1973). It explains how all life 
forms are related, how different organisms derive from 
a common ancestor, and how species have diversified. It 
has a bearing on issues from bacterial resistance to anti-
biotics as well as adaptations to climate change. Hence, 
evolution is clearly of critical importance for biology edu-
cation and for understanding many aspects of fundamen-
tal science and the diverse challenges facing individuals, 
communities, and global ecosystems.
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However, teaching and learning about evolution is 
challenging for different reasons. A number of teaching 
strategies and tools have been developed over the past 
30  years (Andersson and Wallin 2006; McVaugh et  al. 
2011; Nehm and Reilly 2007; Nelson 2008; Sinatra et al. 
2008) which have contributed to meaningful strategies 
for teaching evolution. Compilations of pedagogical and 
philosophical issues related to teaching and learning 
evolution have been published (Smith 2010a, b). Never-
theless, various obstacles regarding teaching evolution 
need to be further addressed by researchers and teach-
ers. In fact, robust misconceptions relating to evolution 
are frequent among learners (Smith 2010a), and previous 
research has confirmed that there are a variety of prob-
lems facing teachers as well as for example curators at 
museums in communicating evolutionary content (Har-
court-Smith 2012). Hence, it is crucial to find the main 
difficulties and to identify new approaches to overcome 
them.

Some of the difficulties in understanding evolution 
stem from problems in comprehending underlying, more 
general, concepts. In recent literature on evolution teach-
ing and learning, a new class of concepts, “threshold 
concepts”, have emerged (Meyer and Land 2003). They 
are defined as follows: “A threshold concept can be con-
sidered as akin to a portal, opening up a new and previ-
ously inaccessible way of thinking about something. It 
represents a transformed way of understanding, or inter-
preting, or viewing something without which the learner 
cannot progress.” (Meyer and Land 2003: 1). Several 
threshold concepts in association with evolution have 
been proposed among those is “temporal scale” (Ross 
et  al. 2010), which in biology can span billions of years 
to instantaneous time. Strategies for how to incorporate 
threshold concepts, such as time, in teaching evolution is 
further discussed by Tibell and Harms (2017).

In this exploratory and descriptive study, we focus 
on one of the threshold concepts, time, and on how the 
design of visual representations in an animation affects 
students’ comprehension of evolutionary deep time. 
The study seeks to contribute to the discussion on how 
visualizations can be designed to facilitate teaching and 
learning about issues where time scales are important to 
understand.

“Time” in teaching and learning about evolution
Evolution is a complex process depending on of several 
factors, often involving very large and very small quan-
tities such as large populations sizes, low mutation fre-
quencies and enormous numbers of generations. In other 
words, understanding evolution requires the learner to 
be able to integrate phenomena across diverse temporal 
and spatial scales. Deep time is a fundamental element of 

this complexity. The definition of evolution according to 
Henderson’s dictionary of biology (Lawrence 2013: 218) 
includes “the development of new types of living organisms 
from pre-existing types by the accumulation of genetic dif-
ferences over long periods of time.” This definition empha-
sizes the involvement of a vast number of generations 
in the development of new species, and for most multi-
cellular organisms this means thousands to millions of 
years—deep time. Furthermore, comprehension of large 
numbers associated with deep time have proved to be 
challenging for many students (Cheek 2012). Integrat-
ing these scales in evolution lies completely beyond the 
human range of experience, and poses major educational 
challenges.

Representation of deep time
During the 17th and 18th centuries, the notion of the 
earth being very old emerged. The geologist James Hut-
ton (1726–1797) coined the term “deep time”, referring 
to geological time, that is, time frames covering multi-
ples of millions of years—an idea further developed by 
Charles Lyell (Lyell and Deshayes 1830). Deep time has 
subsequently been introduced into evolution theory. Sev-
eral studies have emphasized the importance of learners’ 
understanding of deep time in evolutionary and geo-
logical education (Catley and Novick 2009; Dodick 2007; 
Trend 2001). However, timescales covering deep time 
are different from those we experience in our daily lives, 
hence they present challenges in understanding evolu-
tionary processes (Catley and Novick 2009).

As deep time is an abstract domain, it is usually shaped 
by metaphorical mappings from more concrete domains, 
primarily space (Boroditsky 2000; Lakoff and Johnson 
1999). This means that thinking about time usually occurs 
in terms of spatial-relational information. For example, 
elements and their relationships are represented as loca-
tions, and durations are represented as distances on a 
timeline (x-axes) (Boyd-Davis 2012; Lakoff and Johnson 
1999). Provided with an animated cursor indicating time-
passage, the animated rate of time can also be temporally 
changed (“compressed” or “expanded”) in relation to real 
time (i.e. that 1000 years for example can correspond to 
the distance the cursor has moved during 1 s). Thus, the 
timeline and the time-rate metaphors can be combined, 
by letting a cursor marking the time at the timeline at 
constant or varying rates (see “Representations of time in 
evolution” below).

In what is referred to as the “time orientation meta-
phor” (Lakoff and Johnson 1999), the observer is situated 
at the present, facing the future with the past behind. 
Since a common conceptual metaphor for time passing 
is motion in space, the time orientation metaphor can 
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be combined with what Lakoff and Johnson (1999) term 
“the moving observer metaphor”. In this metaphor the 
observer is moving towards the future leaving the past 
behind with time conceptualized as a series of locations 
(Lakoff and Johnson 1999). Timelines with an animated 
cursor marking the present resonate with this combi-
nation of the time orientation metaphor and the mov-
ing observer metaphor. One way of making the abstract 
concept of time more concrete is to map it visually onto 
space in the form of timelines. This has been done over 
the last 250  years (Boyd-Davis 2012). The mapping of 
time to space also appears frequently in language and 
may even constitute a foundation to our reasoning and 
thinking about time (Boroditsky 2000).

Understanding deep time
The concept of deep time comprises several compo-
nents and requires the ability to locate and order events 
in history over a large linear scale, as well as the ability 
to estimate a duration and to compare it to other events 
or processes (Cheek 2013a; Hidalgo et al. 2004). Further-
more, the ability to compare how long ago two events 
occurred from a fixed reference point is of importance 
(Hidalgo et al. 2004). An aspect of time that is less well 
represented in previous research is a learner’s ability to 
comprehend the concurrency of events. In addition, 
according to Cheek (2010, 2012), the ability to correctly 
conceptualize events in deep time depends on a solid 
conception of large numbers and the proportion between 
them (e.g. the difference between one million and one 
billion). Since most students do not have much experi-
ence of large numbers this can be challenging to relate 
to. Furthermore, subject-specific knowledge is essential 
to provide suitable reference points (Cheek 2013b; Clary 
et al. 2009).

Digital representations, time and learning
Developments in educational technology have become 
relevant for teaching and learning (Luckin et  al. 2012; 
Moreno and Mayer 2007) and enable new ways of rep-
resenting time (Kraak et al. 1997; Peterson 1999). Mon-
monier (1990) presented a conceptual framework for 
the graphical representation of geographic time series 
to guide designers. He distinguished between two strat-
egies available in digital environments: an interactive 
system allowing the user to manipulate time series easily 
and animation graphics, where the sequence is ordered in 
time, turning the visualization into a model with spatial 
scales with different time rates.

Research in GIS (Geographical Information Systems) is 
extensive and might be used in reference to spatio-tem-
poral animations. It has shown how different representa-
tions of time affect users. In a study carried out by Edsall 

et al. (1997), and later confirmed by Midtbø et al. (2007), 
three different representations of time were investigated: 
a timeline, a time wheel and a text-based legend. No sig-
nificant differences in the performance among groups 
working with the different representations could be 
shown. Vít and Bláha (2012) studied time represented as 
a temporal axis, with time units of consistent length and 
a movable slide bar illustrating the rate of time, proved to 
be most user-friendly when compared to the representa-
tion with units of varying length and a movable slide bar 
moving at a constant speed.

Cognitive load and visualization of time
A well-documented aspect of multimedia learning is the 
magnitude of cognitive load associated with the visuali-
zation. A large body of basic research has been devoted 
to this particular area and general frameworks have been 
developed (Baddeley 2003; Moreno and Mayer 2007; Paas 
et  al. 2003; Sweller 1988). These are based on  assump-
tions about human knowledge such as the limited pro-
cessing capacity  (Baddeley 1992) and  the dual channel 
assumption  (Sweller 2005). The importance  of  choosing 
well designed animations in appropriate learning situa-
tions has also been stressed by Tversky et al. (2002). Of 
special interest for this study is the cognitive load attrib-
uted to the mental effort required to be spent on the 
manner in which information is presented (Paas et  al. 
2003). This type of load is largely determined by how 
instructional materials are designed.

Since more is usually known about the recent past than 
the distant past, there is a tendency for a natural overload 
of information as the timeline reaches the present day 
(Boyd-Davis 2013). This also applies to knowledge about 
evolutionary history since more information is available 
from recent times (e.g. fossils and organic remains are 
more abundant) compared to the material from more 
ancient times which have largely been decomposed. 
This type of “design problem” in visualizations of time-
lines with uneven distribution of events has also been 
addressed by Vít and Bláha (2012). From a design point 
of view, optimizing the narrative structure has meant 
making compromises between the need for “higher res-
olution”, in terms of a slow animated rate of time and 
detailed timelines during periods with a large number 
of events, and the need for a faster animated rate of time 
during periods with fewer events.

Representations of time in evolution
Visual representations have the potential to transform 
science education in making abstract and non-perceptual 
content concrete. In fact, Kozma et al. (2000) have shown 
that scientific progress is tightly connected to the ability 
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to model abstract and complex content. Multimedia and 
dynamic visual representations, such as videos and ani-
mations, are approaches for connecting time frames and 
illustrating dynamic processes. In the context of evo-
lution, animations and simulations could be useful to 
depict non-perceptual, complex and dynamic processes 
such as speciation and changes in abundance and distri-
bution of species over a long time.

Given this important role of visual representations, 
Bohlin et  al. (2017) have previously surveyed the pres-
ence of threshold concepts in 60 online dynamic visu-
alizations. This study revealed a clear lack of certain 
thresholds such as small spatial and temporal scales. 
In a follow up study (Tibell et al. 2016), the presence of 
time and visual temporal scale indicators in 127 dynamic 
visual representations were analyzed. The most frequent 
category of threshold concepts was time, which was 
found in about 26% of the studied dynamic visual repre-
sentations, and approximately as often orally narrated as 
visually shown. The processes were indicated at individ-
ual, generation and species level, and were visually con-
veyed through timers, geological strata in combination 
with timelines, calendars where dates and years past very 
quickly, or an episode of “fast forward”.

The timeline, as a device for organizing coherent 
sequences of events, has been the focus of many stud-
ies (Boyd-Davis 2012; Foreman et al. 2008; Korallo et al. 
2012), which have included the construction of student 
generated timelines to investigate understanding of deep 
time (e.g. Cheek 2012; Clary et  al. 2009; Libarkin et  al. 
2007; Truscott et  al. 2006). The understanding of dif-
ferences in temporal scale between events is poor but 
comprehension of relative order is better (Libarkin et al. 
2007).

Literature suggests that how well a particular repre-
sentation of time can support a learner in understanding 
temporal aspects of a sequence depends on many factors 
such as the learner’s existing knowledge and capabilities, 
as well as the design, purpose and context of the anima-
tion (Ainsworth 2008a). In this study, we have focused on 
design issues. From a didactic point of view, it is impor-
tant that the design of any animation serves the intended 
educational purpose. However, there are many different 
aspects to consider, some of which compete and are even 
contradictory. For example, in spatio-temporal anima-
tions, there may be a need for a narrative flow, that is, a 
relatively even frequency of occurring events, coupled 
with the need to display prolonged time intervals with 
few events (Boyd-Davis 2013; Vít and Bláha 2012). The 
problem of uneven distribution of events requires con-
sideration as to whether it is important that users should 
perceive the presented information intuitively or be able 

to process the information further through other pro-
cesses such as making calculations. Therefore, an aware-
ness of how different temporal representations serve 
different educational purposes is important for designers 
of applications, as well as for teachers choosing among 
the multitude of available animations.

One of the most common representations of deep 
time is a physical, linear and one-dimensional timeline 
placed in the corridor of a school (Truscott et al. 2006). 
Since it is known that students tend to overestimate very 
short durations and underestimate very long durations 
(Lee et  al. 2011), this kind of linear representation can 
facilitate understanding of deep time. However, Lee et al. 
(2011) caution the use of visualizations that alter the rep-
resentation of time rate for the same reason.

Other ways to communicate temporal information 
include the use of multiple representations, but the way 
time is displayed is crucial to consider (Ainsworth and 
VanLabeke 2004). General principles for how multiple 
external representations can serve several functions have 
been discussed by Ainsworth (1999). However, there is 
also considerable evidence that learners often fail to take 
advantage of multiple representations, and that they gen-
erally need to be used in a supportive context (Ainsworth 
2008b).

A different way of representing time is through the use 
of evolutionary trees. The main goal in this regard is to 
illustrate relationships between species, but attempts to 
depict time are sometimes included. In most cases, how-
ever, time is not illustrated using a common time repre-
sentation but rather through a convenient sliding scale 
(Horn et al. 2016).

A summary of some relevant factors that might hinder 
or improve the understanding of time scales is presented 
in Table 1.

Purpose of the study
There are few studies that have investigated how deep 
time and temporal scales affect teaching and learning 
evolution, and almost none on how visualizations can 
support learning in this regard. Since time can be illus-
trated in many different ways (Ainsworth and VanLabeke 
2004) an important aspect to consider is the relationship 
between how dynamic representations affect student’s 
perception and comprehension of various temporal 
aspects.

In this exploratory and descriptive study, the investi-
gated aspects are deduced from prior research in differ-
ent areas, which include:

• The ability to find events at specific times (Hidalgo 
et al. 2004).
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• The ability to comprehend the relative order of events 
(Catley and Novick 2009; Libarkin et al. 2007; Trend 
1998, 2000, 2001).

• The ability to estimate the duration of a time interval 
(Cheek 2013b; Dodick and Orion 2003).

• The ability to compare different temporal durations 
(Cheek 2013a; Hidalgo et al. 2004).

• The ability to comprehend the concurrency of events 
(Mayer and Moreno 2003).

We have constructed one animation with four versions 
of a time representation. Each of the time representations 
have been analyzed regarding these temporal aspects.

Methods
Setting and sample
This study involved 144 university students enrolled 
in a teacher education program while attending a biol-
ogy course at a Swedish University. To obtain sufficient 
numbers of participants and to be able to develop the 
design of the study, we collected data in four rounds over 
15 months (Table 2). The average age of the students var-
ied between 22.6 and 24.5  years in the different rounds 
of data collection. The gender distribution was biased 
towards females (78%) which also reflects the current 
gender balance in recruitment for this type of education. 
We obtained consent to publish the anonymized results 
from all the participants.

According to a questionnaire distributed before the 
study, the participants had a similar educational back-
ground and interests. Since hominin evolution had not 
been taught in any of the courses the students were 
tested concerning their pre-knowledge of hominin evolu-
tion. Furthermore, we used items to test students’ arith-
metic skills, ability to interpret graphical representations 
of timelines, and to compare the size of graphical objects 
(see Appendix, questions 9–13). Since the test items (see 
Table 4 below) include mathematical skills the results did 
not indicate any notable difference between the groups.

Table 1 Important factors that might hinder or improve the understanding of time scales

Difficulties associated with understanding time in general Ways to address the difficulty (or factors that can facilitate 
understanding of time)

a. Time is an abstract concept which has to be conceptualized in other 
domains

Time is usually visualized as space and concretized as spatial distances 
(Boroditsky 2000; Lakoff and Johnson 1999)

b. Evolutionary time is a highly abstract concept which is hard to concep-
tualize since it is unfamiliar to human experience

Evolutionary time can be metaphorically mapped to familiar and concrete 
objects such as calendars, clocks, distances along a path or as timelines 
(Catley and Novick 2009; Hidalgo et al. 2004)

c. Shifts in scales (e.g. temporal scales) are hard to grasp. There is a 
tendency to underestimate the size of very large numbers and to over-
estimate the size of very small numbers

An alternative to bridge gaps between different scales is bootstrapping, 
(i.e. using the full magnitude of one scale and linking it to a fraction of 
another scale) to relate the scales (Lee et al. 2011)

Difficulties associated with the design of temporal information 
in animations

Ways to address the difficulty (or factors that may improve 
understanding of time in animations)

d. The explicit temporal information in a visual representation can contrib-
ute to cognitive load if it splits attention and competes with the process 
depicted

Addressing cognitive load by considering established design principles 
around starting, stopping and replaying the animation (Kraak et al. 
1997; Mayer and Moreno 2003; Peterson 1999)

e. The narrative structure of an animation can be skewed due to an uneven 
distribution of events since usually more is known about the recent past 
than the distant past causing an uneven distribution of known events or 
processes

One way of addressing this problem is to use multiple external represen-
tations (Ainsworth and VanLabeke 2004). Another option is to use a 
variable representation either of the animated “time rate” or the spatial 
representation of time, that is with variable time units (Vít and Bláha 
2012)

f. The use of visualizations that alter the speed of changes can reinforce the 
tendencies to underestimate the size of very large numbers and to over-
estimate the size of very small numbers

Avoid visualizations that alter the speed of changes (Lee et al. 2011)

Table 2 Participants in  the  different rounds of  data 
collection

a The Natural Sciences Competence Educational Course is a complementary 
course providing students with formal competence for studies in science at 
university level

Data 
collection 
round

Students’ enrollment Male Female Total

1 Pre-service primary teachers 9 32 41

2 Students attending Natural Sci-
ences, Competence Educational 
 Coursea

14 18 32

3 Pre-service primary teachers 5 51 56

4 Pre-service primary teachers 4 11 15
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The animations
In this paper, we will use the term “animation” to define 
a form of dynamic representation that displays processes 
that change over time. This conforms to the definition of 
animation used by Ainsworth (2008a).

Since it was relevant to the participants, and it was 
considered as a highly motivating topic for students in 
general, we chose the evolutionary history of hominins 
as an example of macroevolution (Bajd 2012; Besterman 
and Baggott La Velle 2007). The timescale involved in the 
visualization covers about 7 million years (Wood 2010), 
which is a relatively short time in evolutionary terms, but 
far beyond human experience.

We constructed four versions of a three-and-a-half 
minute long spatio-temporal animation specifically for 
this research project to investigate how different repre-
sentations of time would affect learning. It was inspired 
by similar visualizations used in museums (e.g. Naturhis-
toriska riksmuseet in Stockholm, Sweden) and available 
on the internet.

The animations were designed as a map upon which 
animated areas were superimposed (Fig.  1). Each area 
represented the appearance, dispersal and disappear-
ance of a chosen sample of different species, or groups 

of species in hominin evolution. The scenario was based 
on a selected sample of fossil findings covering homi-
nin history (Wood 2010). All versions of the animation 
shared these features, the only difference being how time 
was represented. The visual representation of time was 
located below the map at the bottom of the animation 
and consisted of two components: one or several time-
lines with different scales, and an animated cursor mov-
ing horizontally along the timeline, indicating current 
time and rate of time in the animation. The participants 
were able to start, stop and replay the animation.

The animations used in the study can be accessed at 
http://urn.kb.se/resol ve?urn=urn:nbn:se:liu:diva-15323 5.

Different versions of the time representation
Much more is known about  recent evolutionary history 
compared to more ancient times, just because the more 
ancient material has largely been destroyed. Therefore, 
the risk of information overload as the timeline reaches 
present day is difficult to avoid unless the default ani-
mated rate of time slows down, in which case perception 
of time might be affected. To investigate this issue, we 
constructed four variants of the same animation differing 
only in how time was represented.

Fig. 1 A visualization with the animated “current time cursor” positioned to the far right (i.e. close to present time). The timeline, visible in this image 
(timeline 1) span 7 million years. The areas superimposed on the maps represent the distribution of different hominin species, or groups of species, 
at any specific time

http://urn.kb.se/resolve%3furn%3durn:nbn:se:liu:diva-153235
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We compared the effect of a time rate which varied 
versus a constant time rate. Furthermore, we compared 
the effect of a single scale versus emerging magnified 
scales by bootstrapping, that is, the method to use the 
full extent of one scale and link it to a fraction of another 
scale (Lee et  al. 2011). These two factors, the time rate 
and the number of timelines with different scales were 
combined to yield four versions of time representations 
(Table 3). In the following text we use the expression rate 
of time to denote the default animated rate of time as it 
is represented in the temporal legend, unless otherwise 
stated.

In animation A only one timeline was used (timeline 
1), and the rate of time (indicated by an animated cur-
sor) was the same throughout the animation, and was 
equivalent to 33,333 years per second (Fig. 2). However, 
timeline 1 was divided into three parts, the first covering 
7 million years ago (7 Ma) to 2.3 Ma, the second covering 

the period between 2.3 and 0.23 Ma, and the last cover-
ing 0.23 Ma—present day. The indicator of time rate and 
current time was an animated cursor moving along the 
timeline.

Animation B comprised, as A, of only one timeline 
(timeline 1, see Fig. 2) but the rate of time changed twice 
as the animation reached the second and the third parts 
of the timeline. The rate of time was 49,500  years per 
second during the first part of the timeline (blue) which 
covered the period 7–2.3 Ma ago, 25,000 years per sec-
ond during the second part (brown) which covered 2.3–
0.23 Ma ago and 7200 years per second during the most 
recent and final part (red) covering 0.23 Ma–present day.

In animation C, the rate of time was the same through-
out the animation (as in A), but the uppermost timeline 
(timeline 1) was sequentially complemented with two 
timelines of increasing magnification scales (timelines 
2 and 3, see Fig. 3) as the animation reached the second 
and third parts of timeline 1. This design is an example of 
shifting scales by bootstrapping (Lee et al. 2011).

In animation D, the timeline was constructed as in C, 
but the rate of time changed twice (as in animation B) 
as the animation reached the second and third parts of 
timeline 1 as in animation B, each speed reduction coin-
cides with the appearance of timelines 2 and 3 below 
timeline 1, respectively.

Table 3 Combinations of  animated rate of  time 
and  number of  timelines with  different scales (subsumed 
as the different temporal legends)

Time rate 1 timeline with 1 scale 3 timelines 
with 3 
scales

Constant Animation A Animation C

Varied Animation B Animation D

Fig. 2 The timeline (timeline 1) used in animations A and B. The cursor indicating time in the animation is visible in this figure to the far right

Fig. 3 The three timelines used in animations C and D. The uppermost is timeline 1, which looks the same in all of the animations. The two 
underlying timelines (2 and 3), shown below, represent fractions of timeline 1 but expressed in successively larger scales. Timelines 2 and 3 emerged 
as the current time cursor approached 2.3 and 0.23 Ma respectively before present day
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Test items
We developed ten items to address the different aspects 
of time formulated in the research questions (Table  4). 
To elucidate differences caused by the different anima-
tions we grouped the items in pairs which corresponded 
to the five research questions. One of the items in each 
pair was expected to be in principle less independent of 
which animation that was used (i.e. earlier in the anima-
tion). The other item was expected to be dependent on 
which animation that was used, since it targeted events 
during the last 230,000 years where the scales and rate of 
time differed in the four animations.

Study design
The study was designed to investigate how students 
perceived the depicted process while viewing one ver-
sion of the animation (version A, B, C or D, see Table 3). 
The students worked individually, and were presented 
with two equally-sized windows shown concurrently 
on a computer screen. One displayed a specific version 
of the animation and the other displayed the items. An 
online survey tool (Limesurvey GmbH/LimeSurvey: An 
Open Source survey tool/LimeSurvey GmbH, Ham-
burg, Germany. URL http://www.limes urvey .org) was 
used to construct the questionnaire and collect data. 
The students worked with the items simultaneously as 
they viewed the animations since we were interested in 
the process of perceiving and comprehending the infor-
mation while it was presented.

Data analysis
The students’ responses to the items were categorized 
as either “correct” or “incorrect”. The criteria used to 
categorize the answers concerning finding events at 
specific times were as follows: maximum 10% deviation 
from the correct answer were considered as correct, 

and deviations exceeding 10% deviation from the cor-
rect answer were considered to be “incorrect”. Since 
items addressing estimates of duration required esti-
mates of two points in time, a maximum of in total 
20% deviation from the correct answer was judged as 
“correct” and values exceeding 20% deviation from the 
correct answer were considered to be “incorrect”, and 
scored 0 points. The answer to item 3 “What differ-
ent species of Hominins existed between the penulti-
mate and the last ice age?” had a unique format which 
was categorized as correct if two or more species were 
named. To normalize the results, they are expressed as 
percent of correct answers for each group.

Results
Results concerning the participants’ ability to answer 
items related to the animations are presented in Table 5. 
The results are presented as average values for each 
group and item and the corresponding percent of cor-
rect answers. In the following, each research question is 
addressed separately.

Students’ ability to find events at specific times
Finding events at specific times located in the first 
part of timeline 1 (Fig.  2) was examined with the first 
item (“When did the group Australopithecus spe-
cies appear?”). The different groups had similar success 
in answering this item. The fraction of students who 
answered correctly varied between 73 and 81% in the dif-
ferent groups.

The second item (“When did the last ice age begin?”) 
was apparently more difficult to answer. It addressed a 
point in time at the end of the animation, in the third part 
of the timeline, where all three timelines with increasing 
scales were visible in animations C and D (Fig.  3). The 
groups using animations with only one timeline (anima-
tions A and B, see Fig. 2) demonstrated difficulties. None 

Table 4 Test items used in the study

Item Category

1. When did the group with Australopithecus species appear? Finding events at specific times

2. When did the last ice age begin? Finding events at specific times

3. What different species of hominins existed between the penultimate and the last ice age? Comprehending concurrency

4. Did Homo heidelbergensis exist at the same time as Homo sapiens? Comprehending concurrency

5. Did Homo habilis exist before the appearance of Homo erectus? Comprehending relative order

6. Did Homo erectus exist before the appearance of Australopithecus? Comprehending relative order

7. How long did the group of Sahelanthropus, Orrorin and Ardipithecus exist? Estimation of duration

8. How long was the penultimate ice age? Estimation of duration

9. Compare the time Homo neanderthalensis existed with the time Homo habilis existed Comparisons of durations

10. How long did the group of genus Sahelanthropus, Orrorin and Ardipithecus exist compared to Homo sapiens? Comparisons of durations

http://www.limesurvey.org
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of the participants could answer this item correctly while 
using the animation with a single timeline and a constant 
time rate (animation A), and 9% when the time rate was 
reduced (animation B). Groups using animations with 
three timelines of increasing scales (groups C and D) 
seem to succeeded better, 52% correct answers, and 54% 
respectively.

Students’ ability to comprehend the relative order 
of events
Two items addressed the ability to comprehend the rela-
tive order of two events. The first item asked “Did Homo 
habilis exist before the appearance of Homo erectus?” 
(item 5) and the second asked “Did Homo erectus exist 
before the appearance of Australopithecus?” (item 6). A 
high percentage in all groups (85–100%) answered these 
items correctly. Apparently these items were not difficult 
for the students, independent of whether the times to be 
located were situated early or late in the time frame and 
independent of which animation was used.

Students’ ability to comprehend concurrent events
In item 3 concerning concurrent events, the participants 
were asked to state the number of different species of 
Hominins that existed between the penultimate and the 
last ice ages which occurs very late in the animation. The 
groups using the different animations A, B and D per-
formed relatively well and delivered between 68 and 85% 
answers.

Item 4 asked “Did Homo heidelbergensis exist at the 
same time as Homo sapiens?” This item concerns peri-
ods relatively near the end of the animation, where time-
line 1 is supplemented with two additional timelines in 
animations C and D (Fig. 3). This item was related with 
62–71% of correct answers in group A, B and D. For both 
item 3 and 4, group C performed the worst (50% and 48% 
respectively).

Students’ ability to comprehend durations of time intervals
Item 7 concerned an interval during the first part of the 
animation: “How long did the group with Sahelanthro-
pus, Orrorin and Ardipithecus exist?” Regardless of which 
animation that was used, it should be equally difficult 
to answer this item correctly since all of the animations 
started in a similar way, with one timeline, few events and 
a similar rate of time. For some reason animations A and 
D appear to help the students to produce better answers 
(86% and 82%) than animation B and C (57–58%).

Item 8 was related to an interval occurring during the 
last part of the animation: “How long was the penulti-
mate ice age?”. This item appeared to challenging for all 
students to solve. None of the students using animations 
A and B could answer this item correctly. Students using 
animations C and D (which featured three timelines dur-
ing the last part of the animations) performed better but 
still only with 24% and 36% correct answers respectively.

Students’ ability to compare durations of time intervals
In item 9, the respondents were asked to “Compare the 
time Homo neanderthalensis existed with the time Homo 
habilis existed”. The existence of these species covered 
different parts of the animation where the rate of time 
changed in animations B and D, making the comparison 
harder for participants using these animations. Infor-
mation concerning the length of time H. habilis and H. 
neanderthalensis existed could only be acquired from 
timeline 1 in animations A and B, whereas the addi-
tional timelines in animations C and D also provided the 
same information on scales with higher resolution. The 
percentages of correct answers for animations A and B 
(featuring a single timeline, see Fig. 2) are 36% and 38%, 
respectively. The students using animation C performed 
best with 52% correct answers and students using anima-
tion D performed worst, with 28% correct answers.

In item 10, the respondents were asked “How long 
did the group of genus Sahelanthropus, Orrorin and 

Table 5 Results from item 1–10

The values are expressed as average percentage correct answers per group and item. Items marked with a are considered to be more challenging to discern in each 
category pair

Item Finding events 
at specific times

Comprehending 
concurrent events

Comprehending 
relative order

Estimating 
a duration

Comparing 
durations

1 2a 3a 4 5a 6 7 8a 9a 10

Animation A with 1 timeline and slider 
pace moving at a constant speed

% of total 73 0 68 64 91 100 86 0 36 43

Animation B with 1 timeline and slider 
pace moving at a 3 different speeds

% of total 75 9 85 71 85 96 58 0 38 53

Animation C with 3 timelines and slider 
pace moving at a constant speed

% of total 81 52 50 48 90 90 57 24 52 57

Animation D with 3 timelines and slider 
pace moving at 3 different speeds

% of total 79 54 84 62 92 96 82 36 28 74
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Ardipithecus exist compared to Homo sapiens?”. The 
group that viewed animation A performed worst and 
delivered 43% correct answers, whereas groups B and C 
produced similar results, namely 53% and 57%, respec-
tively. The best results were obtained from group D, 
which had 74% correct answers.

Discussion
Results from research on how well animations aid users’ 
understanding of dynamic phenomena in general are 
ambiguous. Some indicate positive effects (Kaiser et  al. 
1992) and some negative (Schnotz et  al. 1999; Tversky 
et  al. 2002). However, studies of how diverse designs 
of time in animations help students to grasp different 
aspects of time (including deep-time) in evolution are 
scarce. In this descriptive and exploratory study we have 
investigated how various representations of time in an 
animation affect students’ experiences of different tem-
poral aspects in an evolutionary scenario depicting homi-
nin evolution. However, our results are to be taken as 
tentative, since they are not based on experimental data, 
and need to be validated experimentally.

We have chosen to represent time in the form of ani-
mated timelines. However, there are choices to be made 
concerning the design of such animated temporal repre-
sentations. When representing evolutionary time, a time-
line with linear scale has limitations. Even the relatively 
short evolutionary time of hominins (about 7 million 
years) is difficult to represent in this manner (Dunsworth 
2011). Of course, this difficulty is even more pronounced 
when the entire evolutionary history of about 3.5 billion 
years is considered.

We discuss the results commencing with the cases 
where the design of time appeared to have had the least 
impact on students’ comprehension of evolutionary deep 
time, and closes with the instances where the design was 
observed to have a large effect.

The comprehension of relative order of events
The results indicate that there is no clear difference in 
comprehending the relative order of events between the 
different animations. The findings of this study support 
previous research on how temporal succession in deep 
time is experienced (e.g. Catley and Novick 2009; Libar-
kin et al. 2007; Trend 1998, 2000, 2001). Addressing sim-
ple sequencing was relatively easy for the participants, 
independent of which of the animations they used. This 
agrees with the observation that the learner does not 
necessarily have to use information from the timeline 
since the relative order of species can be learnt from the 
animated map directly.

The ability to comprehend concurrent events
It was also possible to comprehend concurrent events by 
watching the animated map without using the timeline. 
Several quickly occurring events during the last part of 
the animation made it harder to comprehend concur-
rent events for the groups using visualizations with a 
constant rate of time. The group working with anima-
tion C, which had three timelines and a constant rate of 
time, performed worst in both items whereas the groups 
working with animations featuring a slower pace at the 
end (animations B and D) performed the best. The most 
probable reason for this result is that several simultane-
ously and fast-occurring events cause a higher cognitive 
load (Kalyuga 2007). Furthermore, the animated timeline 
itself might also generate too much user attention. Thus, 
distracting viewers from relevant information displayed 
on the animated map (Peterson 1999).

The ability to find events at specific times and to estimate 
the duration of a time interval
Concerning the identification of events at specific times 
(items 1 and 2) and estimation of time duration (items 7 
and 8), no obvious difference could be observed between 
groups using any of the four animations in the items 
related to the first part of the timeline (items 1 and 7). 
The reason is most probably that the rates of time in this 
part were relatively similar and the period contained 
fewer events. However, the two visualizations featuring 
only one timeline (animations A and B) generated poorer 
results for finding times and estimating durations during 
the third part, at the end of the animation (items 2 and 
8). The spatial scale was a decisive factor in these items 
and restricted the ability to correctly determine time. 
In fact, it was very difficult for the students to read the 
times involving the last 230,000 years on the scale used 
in animations A and B. The relatively low number of 
completely correct answers also for animations C and D 
might be a consequence of a high cognitive load due to 
the emerging timelines and the eventful time frame (Paas 
et al. 2003).

The ability to compare different temporal durations
The ability to make comparisons between two durations 
(items 9 and 10) is the most complex factor investigated 
in this work. This task places great cognitive demands on 
the participant. First, it requires the students to be able 
to identify two intervals using both the information pre-
sented in the animated maps as well as the information 
expressed in the timeline. Second, students have to calcu-
late the ratio of the intervals. Thus, two different abilities 
are required to solve items of this kind. The second abil-
ity is independent of the first, but both abilities are based 
on mathematical skills. However, since no difference in 



Page 11 of 15Stenlund and Tibell  Evo Edu Outreach            (2019) 12:8 

mathematical skills was measured between the partici-
pating groups in a test before the experiment, other fac-
tors seem to be dominant, primarily the fact of which 
animation was used.

Some of the features of the time representation in ani-
mation D, which possibly provide advantages in other 
aspects, might increase the cognitive load due to the 
built-in shifts in spatial and temporal scales, i.e. several 
timelines and varying rates of time. For example, in item 
10, the required time intervals were located at opposite 
ends—in the first and third part of the animation, none of 
the intervals transgressed shifts in scales along the time-
line. This might explain why the group using animation 
D succeeded best in answering item 10 but worst in item 
9, in which changes in temporal and spatial scale compli-
cated the comparison of durations.

Representation of time
When we consider the results with in respect to the pres-
ence of one or several timelines and whether the rate 
of time was constant or decreasing in the animation, it 
is possible to draw some tentative conclusions. The two 
animations featuring a single timeline (animations A and 
B, see Fig. 2) produced similar results. The shared char-
acteristic of having only one timeline seems to be a more 
decisive factor rather than the difference in how the rate 
of time was expressed. The most salient results concern 
finding events at a specific times (item 2) and estimating 
the duration of a time interval (item 8) during the last 
part of the animation. Animations A and B gave rise to 
poorer results compared to the other animations. The 
reason for this is likely due to the small spatial scale dur-
ing the event-filled final part of the animation, which 
made it harder to access detailed information from the 
timeline. In items involving comparisons of time inter-
vals (items 9 and 10), the difference in results between 
the animations was less pronounced.

The animations featuring additional timelines as the 
animation progressed to the second and third part 
(i.e. animations C and D, see Fig.  3) offered the users 
increased spatial scales during the successively more 
event-filled periods at the end. Both these animations 
yielded better results than those with a single timeline 
for the items where events during the third and last part 
were involved—with one notable exception (item 9). 
Since animation C represented a constant rate of time, 
several rapid transient events occurred at the end, during 
the third part. Despite this, the group using this anima-
tion performed well in all of the items related to items 2, 
8, 9 and 10. Overall, the animation that produced the best 
results was animation D, with the exception of item 9 in 
which two intervals crossing scale shifts were compared. 

In this case, the shift in scales might have introduced an 
additional cognitive load in addition to the perceived 
inconsistent temporal information in the two different 
dynamic components (i.e. the map and the timelines). 
The change of time rate is only apparent in the tempo-
ral legend and not explicitly shown on the animated map. 
Lee et  al. (2011) caution the use of visualizations that 
alter the speed of changes. This study partly supports 
this claim but only when comparisons of durations which 
cross scale shifts are involved.

Limitations of the study
We want to stress that our results are tentative since they 
come from a descriptive and explorative study. Many of 
the results are similar to corresponding results in neigh-
boring domains, which strengthen their validity. Other 
results have to be validated experimentally. However, 
even though this is a descriptive and exploratory study, 
might have benefitted from a larger sample of partici-
pants and a more balanced gender distribution.

Variations concerning which groups were involved 
in the different rounds could possibly contribute to dif-
ferences in the results. In a potential next experimental 
setting of the study we need to address these shortcom-
ings. Further, we could have used more test items to 
ensure reliability. However, it took about an hour for the 
students to answer the 10 items, and a longer form had 
probably jeopardize the quality of the answers due to 
exhaustion among the participants.

Implications for education and outreach
From the discussion above, it follows that there are sev-
eral factors that need to be considered when using anima-
tions to communicate evolutionary scenarios involving 
deep time. A tradeoff has to be found between factors 
that might seem contradictory. For example, manipula-
tion of the time rate can impair the ability to compare 
durations for example if the duration coincides with 
changes in time rate. The need to represent time in a sim-
ple and comprehensible way at the same time as handling 
problems with a very uneven distribution of events which 
might both cause cognitive overload and impair the nar-
rative structure (Lee et al. 2011; Vít and Bláha 2012).

Since different ways to represent time have corre-
sponding advantages and disadvantages, a way to circum-
vent potential conflicts between various factors would be 
to design a representation that offers different degrees of 
interactivity. In other words, with the potential to inter-
act directly with the timeline to enlarge selected parts 
of it spatially and to control the animation speed easily 
(Kalyuga 2007; Moreno and Mayer 2007). Such interac-
tivity could give the user control and a tactile, as well as 
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visual, connection to the temporal information, making 
the experience more embodied (Horn et al. 2016; Lakoff 
and Johnson 1999; Peterson 1999). Future research is 
needed to investigate this broader and, in more detail. 
How should representation of macroevolutionary sce-
narios be designed to enhance the comprehension of 
time differences involving billions of years and temporal 
scale shifts? Our results suggest that teachers should be 
aware of the deficits in visualizations of time/temporal 
aspects of evolution. But most of all, the present results 
might inform guidelines for future improvements of edu-
cational visualizations of time in evolution

Conclusions
Through an analysis of four representations of time 
in a visualization of hominin evolution, we argue that 
informed and conscious choices of animations with 
appropriate depictions of time can facilitate the teach-
ing and learning of subject matter regarding evolution-
ary scenarios involving deep time. In contrast to earlier 
research (Midtbø et  al. 2007), this study indicates that 
different representations affect learners’ abilities to per-
ceive and comprehend at least some temporal aspects. 
In line with results from geographic information systems 
studies, time units of consistent length were proven to 
be most helpful (Vít and Bláha 2012) in giving students a 
sense of the relative time spans of evolution, which is one 
of the most difficult aspects to master in understanding 
evolution. However, the intensity of events progressively 
increasing at the end of the animation poses another 
challenge when time units of consistent length are used. 
If specific times are of importance, it is crucial to be able 
to read the time, and the time scale should be adapted to 
that demand. Consequently, different ways of presenting 

the sequence of events is dependent on the specific edu-
cational purpose.
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Table 6 The questionnaire distributed before  the  study, to  investigate the  participants educational background, 
interests, arithmetic skills, ability to interpret graphical representations of timelines and to compare the size of graphical 
objects

No Question Rational

1 What age are you? Background information

2 What gender are you? Background information

3 Which program did you attend during upper secondary 

school?

Educational background

4 Which is the most advanced course in mathematics

you've attended?

Educational background

5 Which is the most advanced course in science you've 

attended at upper secondary school?

Educational background

6 Which courses in Biology at upper secondary school 

have you studied?

Educational background

7 How often do you watch popular science e.g. on TV? Interest in science

8 How often do you visit science centers/museums with 

scientific content?

Interest in science

9 Our species is called Homo sapiens. Which other 

species in our genus (Homo) do you know of?*

* Correct answer include H.neanderthalensis, 

Existing knowledge

H.heidelbergiensis, H.erectus, H.ergaster, H.habilis

10 How long has our species (Homo sapiens) existed?*

* Correct answer is 200.000 – 100.000 years

Existing knowledge
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