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Abstract

The teaching obre-colonial urban settlements in Africeasbeenneglected and, where present, it has
traditionally relied on false concepts of civilization that played directly into stereotypes of precolonial
African societies as backwards. These stereotypes are wrong and need to be challenged to transform
the culturalunderstanding of African adaptability, resilience and accomplishments. This study, using
the case study of the ancient settlement of Seoke, shows how digital environments have great
potential as pedagogical tools to redress these past misunderstandingfican urbanismSeoke

was the capital of the Bangwaketse of Botswana in the 18th century. The site is characterised by the
hundreds of stone walls that remain to this dageoke, and other archaeological sites in the region
are inaccessible to theublic due to private land ownership, their tough terrain and the Cd¥d
pandemic. The educational potential of Seoke in exhibiting the scale, influence and organisation of
Southern African settlements prior to colonizatishindered due to the inaccetslity of the site. In

this study, Seoke was used as a case study for developing an exploratory digital environment for
learning about precolonial Southern African urbanism in space and time. The environment
incorporates a curation of archival materialdaspatial information through media such as images,
videos, maps and 3D visualizations in a story map, which is a spatialrdega form of storytelling.

The exploratory environment was targeted at university studevhe are not deeply knowledgeable
about pre-colonial southern African history or Seo&ad is accessible online. The usability of the
environment was studied to inform future work that includes other archaeological sites. A
guestionnaire and ey&racking study was conducted to test the udap of the environment with
students from three universitiesA usability assessment found that users effectively learned while
using the platform. Users found the various components of the exploratory environment to be well
integrated and reported thathey would like to use the platform agai@verall, the exploratory
environment was effective in accomplishing the aim of the study, which was to create a platform for
learning. Participants were able to learn while using the exploratory environment afaped well

when recalling information and applying information learnedowever, participants felt that the
environment required technical support and prior knowledge to navigate, which influenced the
usability of the platform. In future worthe exploatory environment can be improved by enhancing

its efficiency and by being less technical.

Key Words

story map, usability, eygacking, 3D visualization, pielonial southern Africa, Seoke, Bangwaketse,
urbanism, GIS, archaeology.
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Chapter 1: Introduction

1.1 Background

Studies about early urbanisrhave traditionally been influenced bEurocentricand colonial
ideologies in the identification of characteristics of the urban, and by implication\ttheR @ y OS RQ @
The trait-list way of thinkingstatedthe criteria thatsettlementsmust meet to be considered urban

in this regard The criteriacreated by.Gordon Child¢1950) include social stratification, large and
dense populations, centralization aurplus food, monumental public architecture, literacy and
writing and the study of science, math and astronorfifiese criteria describe Southwest Asia and
Mesoamerican early cities well, but do not transfer to early African agglomerafiasolette&
Fleisher, 2005Willoughby, 2018 Thus,African urbanism was previously seen to be something that
was brought over as a result of foreign or colonial influences and not something that already existed
on the continent (Connah, 2001)Africanist scholarfave effectively demonstrated that African
urbanism and centralisation have little in common with models applied elsewhere (Connah, 2001;
Haour, 2005; Macintosh and Macintosh, 1984; Pikirayi, 2001; Sinclair, 2013). Unlike on other
continents, prehistoric fiican towns are characterised by the lack of permanence and by high
mobility; no single path or clear lidan be followedetween the development of central places and
dependence on or control over the farming hinterlafwer is focused on resourcesapeople,

with authority providingcontinuity, rather thanby locationrelative tothe landscape (Leyser et al.,
2018). Urban spaces played the role of commercial, judicial, political and defensive centres. Spatially,
they created links between surroundingjtes and the landscape (Haour, 2005). -Eotonial
centralisation and urbanisation in Africa, are important themes for research on and learning of the
African past, and for transforming the way that people have traditionally perceived the African
landscge. For example, most students (in Africa and globally) at higher education levaistare
thoroughlyknowledgeable of anfjorms of precolonial urbanism on the continent.

One approactior raisng awareness of preolonialurban settlementson the African continentis to

make information available and provide learning opportunities. Online environments and the
incorporationof visualizations are ideal for this, especially in instances where the site of study is
physically conceptually and archivglinaccessibleOnline visualizations of spatial information have
been utilised in many other parts of the world in such caGeospatiallyeferenced archaeological

data can be used to for maps, 3D models, virtual reality or digitised drawings usessiemahating
information about a site to an audience. One such method is story mapping. Story mapping involves
a spatial datadriven form of storytelling. Maps, photos, textual data and other related analytical
visualizations accompanied by explanatoryttean be used as tools in effectively communicating
spatial information to experts and negxperts. Story mapping attaches characters and plots to data

in a way that is engaging to a reader and makes the assimilation of information more natural, making
it an ideal educational tool (Berendsen et al., 2018)

In other parts of the world, platforms for virtually providing viewing and learning opportunities have
been developed for historical and cultural sites that are physically or conceptually inaccesibée.
LINE 2SO0 aAAYOIFRRNG NONBSADS 6 { CANMRK Gl By @ SpaEERdBmpny HEE @
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S It P ztAAamyid yEBY R Wiarkhk BziniShRuddwh ih&iér KHEKRIA al., 2019).
These projects utilisegpatial data in the creation & models 2D maps, immersive VR asyitial
statisticsto develop virtual learning environments for the historical sit&amples of similar
projects, especially for southern Africarchaeologicasites are limited (Scianr&@Villa, 2011).

Sucheducational digital environments andnvironments and visualizations must be carefully
designedo supportthe learning processfor examplejt is essential that available working memory
capacity is not overloaded. Memory capacity can become overloaded when learners are confronted
with instructional material that is laid out ineffectively. Througye-tracking the visual searchan

be mappedas a learner looks for relevant information amond#ferent sources (Jardodzka et al.,
2017). Traditional usability testing techniques such as the System Usabilityf{Sd8lelentify user
satisfaction and interface effectiveness and efficiency. Traditional techniques\atackingall

have their advantages amtisadvantages butan be used in tandem as complemeriassach other,
providing more irdepth insight into the results of the usability assessment (Wang et al., 2019).

Metsemegologoldhttps://metsemegologolo.org.za/wordpresyis a collaborative projedhitiated

in 2019betweenSouth African, Botswana and sedinstitutions. The digital humanities project
developed an innovative multimodal archive on ym@onial Bwana urbanisms in southern Africa by
creating a digital archive and examples of digital curations of several Tswana settlehsgtudy

aims to create an opeaccessonline platform that presents archival information related to early
Tswana urbanismasing a variety of medjawithin the precedent of theMetsemegologolgroject

The project identified Seoke as one of the candidate sites out of five, for an online platform geared
towards presenting archival and spatial information through an exploratmiyal environment. The

drive behind the development of the digital environment was in response to the educational
potential of these sites considering their physical inaccessibility. Seoke was the capital of the
Bangwaketse in the late 18th century, healdby Chief MoletaThe Bangwaketse broke away from

the Kwena c. 170Q 1725 and by 1780, became a regional power. Due to their expansion cg1770
1790, the Bangwaketse soon controlled present southern Botswema 1600 to 1650 CE, Tswana
speaking commuities began to develop stonewalling. Stonewalling was an expression of identity
and power for the Bangwaketse (Morton, 2Q01Biagetti et al., 2021 Thestone wallstructures,
which are still present today, are the most visually apparent remains of the once regional trading
power. For various reasons, thisstoricalsite is currently inaccessible to the public.

1.2 Problem Statement

Southern African preolonial hisbry and urbanism is not widely known by tigeneral public. In
contrast, several historical and archaeological stutbeseveraimegatownsin the southern African
region, exist in the academic record, such as Kaditshewne, Molokwane, Marothodi (Bdz3@ss,
Pistorius 1992; Anderson, 200Blthoughboundlessin their educational potentiglsuchsites are
physically inaccessible to the public imaltitude of waysAccessibility to these sites is hinderdae

to private land ownershiptheir large size tough terrain andtheir rural location In addition,
restrictions on travel due to the Covi® pandemic has also limited the movement of the public in
general. To compound thisinformation aboutSeoke is not yet published, and as suamnaogptual,
academic and archival access to Seoke is also difiecilie generapublic. Recently, a digital archive
for Seoke was built through thieletsemegologolgroject. Platforms for virtuallyprovidingviewing


https://metsemegologolo.org.za/wordpress/

Page |13

and learningopportunities for historicabr cultural sites have been developed in other parts of the
world. However, similar platforms are not available for historical or cultural sites in southern Africa.
Furthermore, the usability for using story mapping, 3D visualizations and archival liekshoabout
pre-colonial southern African history and urbanism is not known.

1.3 Aims and Obijectives

Thestudy aimgo develop an exploratory digital environmefatr learning about precolonial southern

African urbanismThe site oSeokewas usedis a case studp assessi KS SELJ 2NJ} 62NE Sy @
usability to facilitate learning about preolonial southern African history and urbanism in space and

time. An nterventional design defines experiments whereby a researcher actively implements an
intervention to the participants. The purpose of the study isléwelop a story map with a curation of

media, namely, 2D maps, interactive 3D visualizations, videosyeotdygical images and archival links

to act as an intervention tprovide learning opportunities about pieolonial southern African history.

Seoke, as a historical site, will be used as a case study for testing the usability of a story map presented

as aninnovative educational platform. The results from the usability testing will inform the
development of exploratory digital environments for other similar historical sites.

Todo so, the following objectives were identified:

i.  Develop an exploratory digit@nvironmentfor learning about Seoke.
ii. Test the usability of theexploratory digital environmentfor facilitating learning by
developing and conducting a usability survey aneymtrackingstudy.
iii.  Analyze the results to draw conclusions and provide recommendations on the usability of
story maps to facilitate learning about pomlonial southern Afdan history and urbanism
in space and time and to inform the further development of the platform.

1.4 Study Area

Seoke was a settlement located in the southeast of Botswana. The settlement was previously the
capital of the Bangwaketse in the 18th century. The YS { $S2 1 S & Ndeyaadippwerih (2
animak  Bdwietkding which enticesorlugesp ¢ KS . FY3aF Gt F oF 3F aYlyllyl
raided and subjugated by the Bangwaketse, referred to Seoketalevetogsx ¢ KA OK Y S| y a
surprise, somethingt YAy 3 Ay G2 @GASgéE S6al GSYOFS wnnnT az2Nlz2y
arAiS Aa t20FGSR Ay 6KIFG Aa y2¢ (y26y a a[20l G
between Lobatse town in Botswana and the Sel#st border with South AfricaFigure 1).
Archaeological research for the site began in 2012.

From digitization using Google Earth imagery angigasurvey using a handheld GPS from November
2013 to October 2019, extensive stone walling vimsnd at the site. Seoke spans an area of
approximately 14.5 kdand consists of over 1180 individual stone wall segments, in addition to
various other archaeological remairfsiqure2). The other archaeological evidence inclsgettery
fragments, grinding stones, middens, grain bins, quern stones, bones, iron implements and smelting
furnaces (Biagetti et al., 2021).
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1.5 Chapter Overviews

1.5.1 Chapter 2: Literature Review

The literature review chapter providé@ssightinto the historical, archaeological and academic context
within which information and perspectigeabout precolonial African urbanism exisind the
educational material accessible to the general publitethods for disseminatingarchaeological
information such as 2D maps, 3D visualizatj@tory mappingnd webbasedmapswill be discussed,

in addition to approaches to evaluating how well the information was disseminated, such as usability
testing andeyetracking

1.5.2 Chapter 3Design and Development of 3D Visualizations of Seoke

This3Dvisualizatiorchapter will address thesobjective and will discuss the data, softwaneethods
and design choicassed to develop a 3D visualization of Seagat likely would have appeared when
it was inhabited It will also discuss the resimg 3D models and any limitationadvantages and
considerations that were discoveretdihe benefits of representing spatidata about Seoke in 3D as
well asfactorsfor improvement for further work will also be explored.

1.5.3 Chapter 4Utilizinga Story Magas aDigital Exploratory Environment

This story maging chapter will address thé&s! objective. This chapter will discuss how a story map
was developed that incorporates images, video, 3D and 2D elements and archival information in
combination with storytelling and narration techniqueBhe target audience will be identified to
curate thestory map to their needsThe chapter will also present the completed story map and
elaborate on its design choices.

1.5.4 Chapter 5: Usability Survey

The user survey chapter will address @i objective and will discuss the approach to determining
the usabiity of the final story map product through a user survElge development of the user survey
guestionnaire and how it was distributed will be outlined. The usability of the story map will be
evaluated considering systetavel usability, user information tention and confidence, pedagogical
value and user perceptioifhe results will be presented and discussed.

1.5.5 Chapter 6EyetrackingStudy

Theeyetrackingchapter willalsoaddress the2™ objective. The chapter will describe thgetracking
experiment,the procedure used to conduct it and the results of the experimdiiite eyetracking
experiment will analyse how users interact with the story map, considering the distribution of
attention and focus, task completion time and interactivitylwihe functionalities of the story map.

The results will be interpreted to dissect how inferences can be made about the usability of the story
map.
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1.5.6 Chapter 7: Conclusion

The conclusion chapter walddress the 8 objective bysummarsingthe knowledge gined through
the results of the research artibw the objectives were meby discussing the key findings of the
study. Recommendations will also be made about #yproach taken in this studip inform the
development of exploratory digital environment fother similar historical sites.
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Chapter 2: Literature Review

2.1 Precolonial Southern African Urbanism

2.1.1 Precolonial Urban Africa

Studies about early urbanismave mainly been focusedon and influenced byEurocentricand
colonialideologieswith the trait-list way of thinking stating the criteria that cities must meet to be
considered urbanThe traitlist is an archaeological modéhtroduced byV. Gordon Child€1950;

1957) that follows the progressive stagef social development an approach by Lewis Henry
Morgan Ucko et al. 1972;LaViollete & Fleisher, 2005)he criteria are based on the sociological
definition of citiesby Louis Wirth (1938and are exclusionary in addition to being very static. The
criteria include social stratification, large and dense populations, centralization of surplus food,
monumental public architecture, literacy and the study of science, math and astrofidra\criteria

well portray Southwest Asian and Mesoamerican early sitieit do na transfer to early African
settlements. 1 was believed that urbanism was impossible in Africa, as the continent has favourable
and unlimited land for agriculture, and has a culture of subsistence economies, which removes the
need for developig social complexity. In addition, there was a thought that people in African
societies did not try to accumulate wealth and capital through controlling land and production, which
would also limit the need to develop hierarchical societies. TAfrican ubanism was previously
seen to be something that was brought over as a result of foreign or colonial influences and not
something that already existed on the continebaw/iolette& Fleisher, 2005Connah, 2001).

Alternatively, thefunctional approach was developed in response to the downfalls otréielist
approach.While the traitlist approach focused on what a settlement isclwaracterise itas urban,

the functional approach focuses on what a settlement ddkeaViolette & Flisher, 200%. The
functionalapproachfocuses on the role that institutions have in urban centres for both the urban and
rural populations. This allows urbanism to be linked to rurdlan interdependence. In other words,

the function of urban centrewasfor conducting specialised functions in relationship with the broader
hinterland. Thusthe functionalapproach is dynamic in comparison to ttrait-list, as it studies the
relationships between the different components of a society and how they areraiiesdy Using this
approach, an urban community would be one that was primarily commercial but also included
fortification, a system of laws and a court. They were based on economic strategy and control of
autonomous political functions. From a locational spatial perspective, urban centres connect
individual sites with their surrounding landscapes. From an ecological perspective, regional systems
were connected to their environmental settingBhe approach does still have its pitfalls, as it assumes
that urban settlements emerge due to the shared interests of its inhabitants;Isittgy the debates

or conflicts within citiegLaViolette& Fleisher, 200p

Africanist scholars have effectively demonstrated that African urbanisncamttalisation have little
in common with models applied elsewhere (Connah, 2001; Haour, 2005; Macifathkctintosh,
1984; Pikirayi, 2001; Sinclair, 2018)nlike on other continents, prehistoric African towns are
characterised by the lack of permanenaedaby high mobility; no single path or clear licén be
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followedbetween the development of central places and dependence on or control over the farming
hinterland Power is focused on resources and people, vétithority providingcontinuity, rather

than by locationrelative tothe landscapdLeyser et al., 2018). Consequently, early African urbanism

is characterised by the functions and roles that institutions within the urban space had in relation to
the broader rural community and hinterland. Urban spa played the role of commercial, judicial,
political and defensive centre@daour, 2005). Overall, early African urban settlements could be
categorized by characteristics such as their scale and their title as the capital of an ancient state,
often enconpassing elite residences and monuments. The settlements acted as political,
administrative and spiritual centres. They facilitated the mining of gold, copper, stone and ores and
the longdistance relationships required for their tradealViolette& Fleishe, 20095.

2.1.2 Southern African Stonwalled Sites

Precolonial centralisation and urbanisation in Africa, are important themes for research on and
learning of the African past, and for transforming the way that people have traditionally perceived
the African landscapeStone walled sites can be found in southern Africa in the regions across
Zambia, Zimbabwe, Botswana, Mozambique and South Africa. Occupied by variousieaking
groups, stonewalled sites first appeared in the 18 century (Huffman,2007; Biagetti et al., 2021)
Studies of stonavalled sites in the southern African region have found that these &ilewvithin

two patterns¢ the Zinbabwe Pattern and the Central Cattle Pattern (C@Mjch are models used

to describe the spatial arrgement of settlements within the southern African lron AJéhe
theoretical approach of modelling the spatial organisation of settlements has value in that it creates
a framework for studying the relationships and worldview within a society. Studies oarmum
behaviour have found that societies section off and assign unique activities to their physical
environment which in turn informs the social behaviour aroundhtuffman, 2001; Badenhorst,
2009;Biagetti et al., 2021).

Mapungubwe (10751220 CE) and Great Zimbabwe (120850 CE) are the mostell-knownand
largest urban settlements isouthernAfrica prior to colonialismThe stone walls in Mapungubwe
and Great Zimbabwe both fall within the Zimbabwe Pattdime studyof these settlements provide
important insight into African urbanism outside of the definitions derived from Eurocevigigs
(Manyanga etal., 2010). These settlements held the characteristics of an saghern African
urban settlement and were secdary in origin, as surplus resources and trade relations with other
societies afforded these settlements the opporturtidypromote social complexity (Huffman, 2009).
Although these settlements are well known, they are notexgblored There are aspectdaut the
settlements such as their material cultymmmoner residences, the productiamddistribution of
goods and the exact time and reasons fbeir decline that are still being studiedPikirayi &
Chirikure, 2011; Chirikure & Pikira2008; Huffman & Vogel, 1991; Pikirayi, 2013)

Other examples of early settlements includiges in South Africa such &oor Park in Kw&ulu
Natal, which dates from the 13th to the 15th centurieisters of stone walls near Ntsuanatsatsi hill
in FreeState province, which dates to the l@entury; and the settlements in the Pilanesberg
Magaliesberg region that dated to tmeid-18" century(Biagetti et al., 2021)These stone wall sites
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are categorisedas CCP settlementsvhichis a settlement modetlerived from the settlement
patterns of Nguni and Sothbswana speakers (Huffman, 2001; Badenhorst, 2009). CCP settlements
were often inhabited for one or two generationsijth a large number o$tone structures and thin
archaeological deposits with a scarcity of artefagithin them and even on the surfagBiagetti et

al., 2021)The stone structures in CCP settlements often have similar physical shapes and structures,
which makes identifyingheir specific use during inhabitation almost impossible, except for
distinguishing betweelivestock and dwelling enclosures. Instead, excavations of middens (storage
pits) and stock encleses are conducted to extract artefacts that are used to chronchty
sequence the sitéHuffman, 2001, Biagetti et al., 2021).

2.1.3 Seoke and the Bangwaketse

Seoke (Ntakwetoga) was the capital of fr@vanaspeakingBangwaketse in thiate 1700s, headed

by kgosi(chief)Moleta. The precolonial settlement was located near what is now Lobatse town in
the SouthEast District of BotswanbBlaving broken away from the Kwena in the early 1700s, by 1780,
the Bangwaketse expandeaahpidly,and their influence was felicross southern Bswana and in
areasalmost 200 km away, covering regions such as the North West andaxdoiCape provinces in
presentday South Africa. Their strength came from their military units calleghatq made up of
young men, armed with iron spears and axe®yltaided for cattle in the region and absorbed many
neighbouring groups (Morton, 2017; Morton, 2Q1Biagetti et al., 2021

The archaeological site is currently inaccessible to the public as it is located on private land. Coupled

with the historyofthe I y3 gl {1 SiaSQa RA&aLIRa&aSaarAz2y FyR RAALI I C
Seoke had been forgotten for centuries until it and other related sites were rediscovered recently.

As part of archaeological research in southeast Botswana that started in 28&Re and other site

related toa 2 f S (i I thase raddidly Heen recorded by Morton and Merlo (2pirough an

amalgamation of topocadastsral information, remote sensing, survey and oral tradjBoamgetti et

al., 2021).

From 1600 to 1650 CE, Tswesgaking communities began to develop stonewallivghile
extensive studies have been conducted for stovedled sitesin presentday South Africanderson,

2009; Boeyens, 2000a & 2000b; Pistorius, }98®newalled sites in Botswanhave not been
studied as extensivelystonewalling was an expression of identity and power for the Bangwaketse
but was also theorised to be a product of the scarcity of wood in the area. Wood was a limited
resource that was more crucially needed for smelting anoking. The stone walls, which are still
present today, are some of the most visually apparent material remains of the settlement (Morton,
2018).The extensive, distinct but interlinked clusters of stone walls at the site vary in size and cover
the foothills of the site

Seoke falls within the Central Cattle Pattern (CCP) settlement raodés, in fact, one of the most
extensive Late Iron Age, CCP stavadled sites in the Botswar@outh Africa regiorCultural beliefs
such as leadership passed downrtle descendants, patrilineal beliefs about procreatemd
bridewealthin cattle are key principles in the CCP modRegarding the organization of space in CCP
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settlements, cattle were centrally positioned and thevas a cleadivision between male ahfemale
occupied spaces (Huffman, 2001; Biagetti et al., 20Rthaeological evidence has found that the
physical characteristics of CCP settlements include stone walls, storage pits, cattle kraals, grain bins,
central burial zones and ceramics (Huffma@01; Badenhorst, 2009).

Unlike stone wall sites in the Zimbabwe Pattern such as Mapungubwe and Great Zimbabwe,
stonewalling in CCP settlements are not limited to elite spaces. Rather, stone walls are used to
separate households, people, cattle and gwrounding environment (Huffman, 2007; Biagetti et

al., 2021)Apart from the stone walls, other arakological objects and evidenhave beerfound at

the study site. Theevidenceincludesmiddens, grain bins, grinding argliern stones, pottery
fragments, bonesiron implements and smelting furnacé&sidence of cattle kraals and sliding doors
have been found as we(Biagetti et al., 2021)

2.2 Disseminating Archaeological Information

The abundance andnature of precolonial southern African settlementand their associated
materials, whilst well documented, understood and published in the research arena (see for example
Anderson, 2009; Boeyens 2000, Morton 2014) has not been used to teatems of African
indigenous development of urbanism, particularly at school |&dgk section will explore sonodthe

digital dissemination approaches for archaeological information that can accommodate geospatial
information as well, analogous to Nl dz £ WFA St R G NALIQ®

2.2.1 Digital Humanities

Digital humanities isthe intersection between digital technologies and academic work in the
humanities in a manner that involves interdisciplinary collaboration (Drustkalr, 2013). The digital
humanities work to apply traditional approaches used in the humanities initli@bera. Texbased
traditional approaches have moved to transmedia, graphical and désigad approaches (Burdick

et al., 2012). In a 2020 study by BerBantos and Sanchez of the current state of the field of digital
humanities, the keywords of acadhic papers in the field were analysed. The study extracted
referenced works from a dataset of over 1900 publications to identify and visualize the leading
authors, citation patterns, keywords and prominent themes in the field using algorithms. The study
found that the frequency of keywords relating to the application of GIS in archaeology ranked
relatively high in the digital humanities. These keywords include those sudiep®$patiaQ'8DQ
Yhedigand Wrchaeolog® The keywords relating to GIS wealso found to have close connections
with other keywords in the digital humanities, with these connections projected to become more
central and important in the fields in the future. The GIS keywords themselves, however, are not
closely linked to each ber, showing that they are separable and do not form a coherent cluster in
and of themselves. This means that academic papers witheBit®d keywords involve research
wherein GIS is applied in different themes of research instead of GIS being a thigseH.in
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2.2.2 Mapping and GIS in Archaeology

Mapping is an integral practice in archaeology. From the processimky andexcavation to
communicating information in publications, mapping is utilized in the form of survey and site maps,
profile drawings and other related products. (Warsgmith, 2020). The application Geographic
InformationSystems GISin archaeology bean in the 1980s and has since then grown as technology
improved. The ability to integrate both temporal and spatial data through GIS is suitable for the
analysis of the spatial context of historical dafgiidjian, 1998Scianna and Villa, 2011).

The apfiication of GIS in archaeology can be uasdameans of transcribing historical information

in a manner that is better suited to a target audienbot allforms ofhistoricaland archaeological
data availableare best suited for helpinga general audien® understandand conceptualize
archaeological informatigrsites and featureA GIS can be used to visualize relevant information in

a manner that is easier to proce@rdissone and Rinaudo, 2008ychaeological and historical data
characteristically have temporal and spatial attributes. Comparativaeig, unlike other methods
such as spreadsheets or specialized drawirgkS software can support thdigital viewing,
manipulation, analysis, presertian, distributionand storagenf temporal and spatial information in
addition to the spatial and temporal relationships between data points (Scianna & Villa, 2011).
Archaeological and historical information can be represented as point, line or polygdor vec
abstractions or, simple imagastersor multispectral rasters (Djindjian, 1998&)s an analytical tool,

GIS linkgraphicalinformation from maps and photographaamely feature locationsyith feature
descriptions or attributes. By creating data krik this manner, relationships between not only data
points but data sets can be createfissociating attributes to data points such as map features and
creating relationships between map features can yield undiscovered characteristics about
archaeologichsites, structures or objects (Neuber, 2004)

GIS data based on cultural heritage and history is often extracted from historical documents and
archival data that has to be interpreted by a specialist. Different interpretations may skew the
accuracy of thelata. As such, specialists must take special care to add the relative accuracy of the
spatialdata as metadata. Recording the time at which data was created is also an essential attribute
of metadata. The recording time will provide insight into the kremige that was availablat that

time that would influence the interpretation of historical documerffsrdissone and Rinaudo, 2005)

Intra-site GIS is Geographicinformation System for excavationand sitebased analysisin an
archaeological contextit involves identifying the spatial correlation between archaeological
artefacts to make inferences about the role that the artefacts played in settlements and societies
they existed in. Furthermore, 2Daps, 3D modelling, virtuakality and digitised drawings¢an be
supported by archivedrchaeologicatiata. GIS can also be applied in cultural research management
whereby the protection, management, and promotion of a cultural heritage site is supported by a
DL{ o¢&a,) 200 BRI OKt 6af 00

GIS in archaeology has been implemented in many other parts of the world in cases where historical
sites are inaccessible, either physicéillg., site closure, remote location or a laok archaeological
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evidence due to excatian) or conceptually Some projects includ® A 3 A ( | fdr Greed&(aBiS

et al., 2008)Wountain of the Liordn Spain (Tromp et al., 2018peW4 | G f K1 @ N1 wS&SF NO

for a Neolithic settlement in presemtay Turkey (Hodder, 2020; available at:
https://www.catalhoyuk.com/)| y Riisitithy a Virtual Graveyar@for the FinnishRussian border
(Hakkila et al., 2019). These projects utilised functionalities such as 3D mgd@Db maps,
immersive VR and statistics in the project. Examples of similar projects, especially for southern
African historical sites are limited (&cha and Villa, 2011).

2.2.3 Story Mapping

Story mapping involves a spatial datdven form of storytellingMaps, photos, textual data and
other related analytical visualizations accompanied by explanatory text can be used as tools in
effectively communicating geospatial information to experts and -egperts. Story mapping
attaches characters and plots to data a way that is engaging to a reader and makes the
dissemination of information more natural, making it an ideal educational tool (Berendsen et al.,
2018).

The use of story maps as a tool in an educational setting has been tested in sawdied anchave

AaK2gY Fl @2dzN>r o6t S NBadzZ Ga FNRY 020K (GKS SRdzOF (2 NJ

and Mitchell (2014)the perception of educators towards story maps was studied. The 42 educators
consisted of K2 (kindergarten to grade 12) teachers avell as independent educators. The
participants were teauers of a variety of subject$he participants were asked to attend workshops
where they received training. They were first asked about their prior knowledge of GIS, then
presented with a PowerPoint about story maps. The training covered the entire process of creating
an ESRs&tory map from making an ArcGIS online account, creating a web map, adding data to the
web map and sharing the final product. Participants were then asked to fill out a survey with
demographic information and Likert scale questions about the ease of use andciinteress of

story maps and the expected student enjoyment from the story maps. Participants were also asked
some Likert scale questiorabout the challenges they experienced while creating a story map,
focused on the ease of navigation through ArcGISierdind enjoyment level while making the story
map. The results found that 95% of participants found story maps to beftisedly and 98% found

story maps to be engagirand interactive Expected student enjoyment also received a good score,
with 87% ofparticipants believing that students will enjoy the story maps (Stachan and Mitchell,
2014). As the research is a case study on developing a digital platform to facilitate teaching and
learning, the tools and methodsiust besuitable for recreation in fuire iterations of the work.
Because the participants in the study includbddse who are not familiar witlG1S, the positive
feedback is valuable.

A separate study by Groshansatt(2019) studied the perception that learners had of story maps.
The studycompared a story map with a PowerPoint presentation which is a mainstream and
O02YY2y (22t dzaSR Ay GSFOKAy3dId . 20K GKS aidz2Ne
C2NX¥AYy3 ClFLOG2NRY [/ fAYIFGSéS 6 KA OKnNSysiem$ modutelaih O
/| tSyazy ! yAOGSNEAGED® ¢KS LI NGAOALNIyida 2F GKS

Y I L
0KI
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were past students who had already taken the course in the past and were taught using a PowerPoint
LINBASY (Gl GA2Yy d ¢ K §roud)Svee sfuBentI Wi weld incthie précasd @f taking the

course. The second group was taught using the story map. The story map featured web maps that
covered the topics of climatand soiltemperature and moisture regimes. The web maps were
supported bytables and figures as well. Each topic in the story map had quiz questions that matched
GKS ljdzal ljdzSaidazya GKFG GKS & O2wéelaugiit the ofurse 3 NB dzLJ
through PowerPoint presentatiain the past.

¢KS aiSaidé¢ BNBrezskeddb Mllinia@didityquestionnaire that collected their
demographic informatiomefore learningabout the topic ®ing the story map as part ofcame-hour
laboratoryexercise. After completion, participants were asked to complete anogestionnaire

about the story map, which included questions about intuitiveness, effectiveness and comfortability

of the story map. They were also asked to compare story maps to PowerPoint presentations o

factors such as quality, ease ude and enjoymentlt was found that the story map worked better

for helping learners conceptualize pictorial models dadreinfordng the information that they

f SENYSRd ! f iK2dzZ3K GKSNB ¢gla y2 aidliAradAraort RATFT!
I YR &rioups léarnerdexperienced a greatense of confidence (Groshansadt 2019).

In developing a story map, care needs to be taken in the manner in which information is represented.
The misrepresentation of information and bias is possible in the rnarraandthe web maps.
Narratives can take on different degrees of scientific or philosophical tones depending on the topic
at hand (Stephens & Richards, 202@hre relatedly, most canonised narratives of history present
stories of unequal distributions qfower. Texts haveéhe power to dislodge alternate narratives,
positioning the reader to identify with powerful characters while the voices of the displaced,
dominated and silenced remain unarticulated (SaRi75 Dube, 2000).

Epistemological discussions of the potential issues arising from representation, objectivity and
subjectivity in spatial archaeological information disseminated using GIS, havédéleksince the
1980s. Nevertheless, as mapping is an integral part obaabgy, instead of moving away from GIS,

a move has been made to actively pursue posbnial, feminist and participatory approaches to
mapping and GI§WarnerSmith, 2020) In story mapping the researcher has the role of
transforming a story into spatitemporal unis, then into artographic objects. In this proces$
transformation the da 4 2 NB Y | LJQ Fole Rl @HditeashdSIdNI® &s minimalas possible
(Caquard & Dimittrovas, 201 Rather than havinghe voice of the researchers thesolenarrator

in the story mapthe voices of the communities and descendants of the topic of discusstauld

be at the forefront(WarnerSmith, 2020) Presenting historical objectsi.e., photographs, maps,
texts and quotations that yield informatioras a simple succession of events rips the objects out of
their historical context. By additionally presenting the stories, emotions, inventions andsstest
historical objects emerged from, the character of the individuals who produced them can be revealed
(Denzin, 2006Y0Onespatiotemporal example is the utilization ofiginal territorial boundaries and
place names prior to colonial influen¢@&/arne-Smith, 2020).
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2.2.4 3D Visualization

3D visualization in GIS is the rendering of a 3D scene using a 2D computer screen. The resulting scene
creates a picture of a physical space that with the use of shadows, texture and overlap, appears to
have depth Although commonly associated with 3D visualizatiaqualities such asnmersiveness,
interactivity and level of realiswan vary greatly amongst different types of 3D visualizatidos all

3D visualizations are hypeealistic or immersive; 3D plots or chagrghaded relief maps and nen
photorealistic 3D objects fall into this categdi@oltekin et al., 2016)The development of new
technologies for the capture of geospatial data has in turn called for the expansion of approaches for
its visualizatior{Djavaherpour et al., 2037While most Gl®ased educational practices are limited

to 2D mapping and analysis, 3Jeovisualization facilitates learning about environments in their
entire spatial arrangement. By visualizing the dimensions of objects imarament in the x, y and

Z axes communicatinghe complexities of a physical environment becomes easier, even when the
visualizations are viewed digitally on a 2D scr@én, 201 Visualization of geospatial data in 2D is
often applied to abstract, ghemeral, quantitative and qualitative data. Consequently, the
visualization of geospatial data in 3D is an innate approach when the visualized objects- have 3
dimensional characteristics and tlesualization intend to present those dimensions authentigal
(Seipel & Carvalho, 2012).

A 3dimensional approach to disseminatingformation facilitates a wider understanding of
information beyond fieldwork and attracts a wider audienthe effectiveness of 3D visualization in
communicating and conceptualizing spatial information has been testedeireral teaching
applications, such as inhan planning Yin, 2010) chemistry (Astuti ef., 2020) and archaeology
(Lecari, 2017) anig useful when the topic of study is not physically accessible in the real world and
helps with stimulating critical thinking skiltSonsequentlyin a study by Loschky et al. (2010), it was
found that 3D visualizations with higher realism are more effective when presented for tasks such as
object recognition and information retention. HnnTt aiddzRé o6& 2ly3a SiG o
responses tanformation presented in 2D and 3D with participants who were university students.
The participants for this study were required to complete r@-f@st, a learning lesson where
participants were randomly assigned content in 2D or 3D through an onlinplgtand a post

test. The learning lesson was sedfjulated buthad a maximum allotted time of 35 minutes and its
content was the same, regardless of whether it was presented in 2D or 3D. Although limited by the
small sample size of 23, the study revektileat participants in the 3D group performed higher in the
posttest than the 2D group. Also, participants in the 3D group showed improvement from the pre
test scores compared to their pestst scores, whereas the participants in the 2D group performed
worse in the postest.

The process for designing 3D geospatial visualizations can be divided into three design aspects. The
modelling aspect defines the geometric characteristics of the 3D visualization. These characteristics
then inform the symbolizatiomspect, which defines the appearance of modelled objects, such as
shape, texture, abstraction and generalization. Lastly, the visualization aspect defines the
parameters within which models are displayed, such as viewing angle, camera settings, incident
lighting and atmospheric effects (Harberling et al., 2008).
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3D visualizations can be presented at three different varieties of realism, as first introduced by Hagen
(1986). The first variety is physical realism, whereby wiseialization provides the sameasual
stimulationfor the viewerasa scene in the real world. The visualizatitrerefore, must provide the

same spectral irradiance values as the +walld scene; the portrayals of the shapes and textures of
objects must be accurate anelven the light energy produced by thelisplay monitor mustbe
equivalent to that of the realvorld scene The criteria for a visualization to be considered physically
realistic are quite stringent and can only be achieved in special conditions. The second variety is
photorealism, whichA y | & Y I, ife@n& that &visivalization must be indistinguishable from a
photograph ofarealworld scene. For a visualization to be considered photorealistic, it must garner
the same visual response asealworld scene for the ewer, although the light energy produced

by the visualization and the scerng different. The last variety of realism is functional realism,
whereby the visualization and the reabrld scene deliver the same visual information. To be
considered functionally realistic, a visualization must reliably convey information about the
properties of obgcts, such as dimensions, materials, size and locatiothe viewer (Ferwerda,
2003).

In archaeology, 3D modelling is a form of data capture, digital documentation, virtual reconstruction
and digital commnication, all of which can be achieved in increasing complexity as technological
capabilities exponentially improv8D modelling technologigsave been utilised in several projects

in the fields of 3[archaeology, excavatiomsd reconstructions, 3D weind 2.5D GIS (Sanders 2011;
Petrovic et al. 2011; Katsianis et al. 2008; Levy et al. 2010), all of which have different aims and
objectives but mainly aimed to present static visualizations of sites or artefacts (Forte, ROth&).

3D visualization of ahaeological geospatial datahd term reflexivity describes the process of
examining archaeological actions and assumptions and their effect on the community, both
archaeological and local. Engaging in discourse from various perspectives is one sucth ofietho
reflexivity. The illustration and visualization of objects and places from thehpasbeen subject to
reflexive discourse, however, there is a consensus that the practice has epistemicesgaeially

when coupled withreflexivity. 3D visualizations should not be seen as recreations of absolute truths
but rather be flexible to interpretdons, changes in perceptions and changes in hypotheses (Lecari,
HAMTO® hy (GKS 20KSNJ KFyRZ W¥f SEAO taSttans@ritaaddzk £ AT I G
unstable, often createtb developan impactful but ephemeral product for a research pobjeather

than as an academic contribution. Value and knowledge must be gained from the design process,
which should serve the purpose of exploring the functionality, replicability and practicality of the
visualization tools, serving as contributions ésearch. Contrary to the scientific approaches utilized

in the creation of visualizations, qualitative and interpretive knowledge can be produced in the
process, whicltan lead to changes in academic arguments and hypoth&sete( 2014Hinrichs&

Forini, 2017).
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2.3 Evaluating the Effectiveness of Information Dissemination

Approaches for the dissemination of educational information mustéefullydesigned to support

the learning process. This section will discuss important factors that can positivelgatively impact
learning and the tools and norms that can be used to evaluate the usability of a system designed to
facilitate learning.

2.3.1 Learning and Confidence

Learning is a perpetual activity experienced throughout life; one that results in chamgédities,

knowledge and perspective, causeddxternal interventions. Motivation (both internal and external)

is an important contributor to learning, which in turn is influenced by confidence. Confidence can be
affected by 3 key variables, as thdo R o6& YSftSNJ ompTtp0 Ay YSEfSND
Confidence and Satisfaction) model. The key varialle¢earner confidencenclude the learning
requirements, opportunities for success and personal contedl of which affect thef S NJ SN &
expectations for positive results when expending effort and risk while learning (Moller, .1993)

/| 2YyFARSYOS A& NBfF (SR (2 ¢a2psbioiagica wayf tha S felat&dba Ay
ASLI NIFGS FTNRY 2y So(Sheaddakar,2910)f AGe FyR FoAfAGAS

In a study conducted with student teachers transitioning from learners into teachers, confidence was
found to have positive emotional, cognitive and performance effects. Emotionally and cognitively, it
was found that participants inhis study associated confidence with comfort, sedfurance,
happiness, being relaxed and lacking fear. Regarding performance, participants associated confidence
with ability, competency, composure and effectiveness (Norman & Hyland, 2008n negative
feelings are felt; unlike the positive feelings felt when confideqthe time invested in learning and

the amount of knowledge gained from learnirsyeduced This is because avoidance attitudes take
dzLJ &a2YS 27F | £ SI N, $mtingihowOnughytte lear@e8 mateBah iz gedekEsSed
(Kremer et al., 2019).

2.3.2 Cognitive Overload

Cognitive Load Theory (CLT) is a framework for exploring how learners process information to inform
instructional design (Paas et al., 2003). Thental burden when procesing a difficult task that
requires a lot of mental resources (i.e., auditory, visual, etc.) is called cognitive load (Hossain &
Yeasin, 2015)Cognitive overload, therefore, occurs when an individual is fagiéad mental work

that exceeds their mental dities (American Psychological Association, 2020).

One such example the cognitive overload that can be caused by 3D. Cognitive overload is known
to be an issue in the manipulation of dynamic 3D models, immersive 3D games and hypermedia 3D
learning environments, especially for learners vatlow spatial ability (Berney et a015; Gerjets

& Scheiter 2003; Paas et al. 2003; Huk, 2016).
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2.3.3 Usabillity Testing

When developing a digital platform, evaluating the human reaction to it is crucial. Identifying the
factors that make a digital platform usable and useful have been studedrfrany perspectives using
various approaches. Usability testing relies on user response and feedback on prototypes to iteratively
refine a platform, maximising the platform's efficiency, effectiveness and user satisfaction. The
feedback can give insighhdnow the platform is used, how easy it is to use and how easy it is to learn

to use (Armaselu & Jones, 2017). For teaching and learning, special attention should be placed on
providing a platform that minimises user frustration and anxiety, as these ivegetsponses can
overshadow any learning that was done. Usability testing often requires participants to complete
several platform navigatichased tasks and uses metrics such as the accuracy and time taken to
complete a task as a measure of usabilitywdweer, the tasks in a usability test for a platform focused

on learning should be based on information retention. As such, the usability test should answer the
jdzSatiAz2yaT WK2g STFFSOUAGBSte RAR (KS dzasatiied SI NY KQ

6l &8 GKS dzaSNJ 6KAES €SENYAYIKQ 62y bdg FyR S £ d

2.3.3.1 System Usability Scale

The System Usability Scale (SUS), developed by John Bd®8& is a questionnaire that is

considered the standard approach for assessing ilisall he questionnaire isusability testing tool

for industrial systems and can be applied for testing the usability of systems such as apps, mobile
devices, websites, operating systems and more. Usability is broken down into 3 compenents
effectiveness, efficiency and satisfaction. Effectiveness is a measure of whether users can complete

tasks using a system. Efficiency is a measure of the energy and resources spent while using the system

to complete tasks. Lastly, satisfaction is a meastit@wcomfortable users are while using a system

to complete tasks. These 3 components work in tandem to elevate each other. The SUS was designed

G2 RSGSNXAYS LINIAOALI Yy(G&aQ &dzo2SOGAGBS LISNDSLIA
effectiveness, efficiency drsatisfaction in mind. (Brooke, 2013).

The SUS uses statements (referred to as items) that can be scoredpwirg based system ranging

from 1 =strongly disagredo 5 =strongly agreeThe SUS can be seenTablel. Having been

developed in the 1980s, the questionnaire made up of 10 items has become a popular method for
poststudy usability testing for its simplicity while prding quick and reliable results. The lack of

fees attached to its use also propelled its popularity, as the only requirement is to cite the source on

the SUS in any published work. The SUS is very flexible to adjustments such as the omission of an
item or changing the wording to fit the context of a specific study (Lewis, 200i&).scoring system

for the SUS should be measured with care as although4h@ri scoring system seems simple, the
guestionnaire items themselves alternate between positive aadative tones for odd and even

ydzZYo SNBR &0l 6SYSyda NBaLSOrAgSted 'y SEFYLXS 27
GKS aeaisSy ¢61a Slrae G2 d&aSQ 6KSNBlLa Ly SEIFYLX S :
GKS aeaidsSy dzyy 3 eescolingdystethzevnailis $xeddegardless of the tone of the

item, adjustments must be made to the raw score when calculating the overall SUS score. A value of

1 should be subtracted from the odtimbered item scores to adjust it. Eveanmbered itemscores

should be subtracted from 5 to adjust it. Alternativegjuationl can be used to calculate the overall
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SUS score using the raw values. Although the overall SUS score will be a value ranging between 0 and
100,it is not a percent value (Lewis, 2018).

Tablel. Standard System Usability Scale (SUS), (Brooke, 1996)

The System Usability Scale Standard Version S‘Frongly strongly
Disagree Agree
1. | think that | would like to use thisystem frequently 1 2 3 4 5
2. | found the system unnecessarily complex 1 2 3 4 5
3. I thought the system was easy to use. 1 2 3 4 5
4. | think that | would need the support of a technical person to be able to use this| 1 2 3 4 5
system.
5. I found the various functions in this system were well integrated. 1 2 3 4 5
6. | thought there was too much inconsistency in this system. 1 2 3 4 5
7. | would imagine that most people would learn to use this system very quickly 1 2 3 4 5
8. | foundthe system very cumbersome to use 1 2 3 4 5
9. | felt very confident using the system 1 2 3 4 5
10. | needed to learn a lot of things before | could get going with this system 1 2 3 4 5

Equationl. Overall SUS score calculation using raw SUS scores (Lewis, 2018)
uY’F’YuY c8) c T[ uY’?’Yf_‘[W‘i‘Y’;“ T“ a"uY’F’Yf_‘[w"’i\Y’;“ T“ "’-‘Y’F’Y’L‘[Yw “YTY’L‘[%]"YT‘ T“ 1\1‘YTY‘]"‘[Y6‘YTY]"‘[%‘YTY§Y)'[

On its own, the SUS score has no context of meaning as to whether the value is good or bad. As such,
a curved grading scale was developedSauroet al. (2016), using a large sample data set of SUS
scores from multiple sample usability tests, as seeable2. The 50th percentile score was
calculated to be a SUS score of 68, and an overall SUS score of 80 is seen to be the goal for proof of
aboveaverage system usability.

Another approach for interpreting overall S&&res is the adjective rating approach developed by

Bangor et al. (2008 &ble3). This approach was developed to provide a way to groupsSaiss in

I gt & GKFG gl & SFEAASNI G2 dzy BENA & Yy Byt hsSIQR2 S O G A
ranges of the quartiles of the data used to generate and validate the adjective rating scale.
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Table2. Sauro ¢al. SUS Curved Grading Scale (2016)

Grade SUS score Percentile range
A+ 84.1- 100 96-100
A 80.8-84.0 90-95
A 78.9-80.7 85-89
B+ 77.2-78.8 80-84
B 74.1-77.1 70-79
B- 72.6-74.0 65-69
C+ 71.1-72.5 60-64
C 65.0¢71.0 41-59
G 62.7-64.9 35-40
D 51.7-62.6 15-34
F 0-51.6 0-14

Table3. Adjective Rating Scale f@US ScoreéBangor etal., 2008)

SUS Score Range Adjective
85.59- 100.00 Best imaginable
72.76-85.58 Excellent
52.02-72.75 Good
39.18-52.01 OK
25.01-39.17 Poor
0.00- 25.00 Worst imaginable

Alternatively, benchmark scores can be calculated for each item in the SUS, as in the 2018 study by

Lewis and Saurd@.he overall SUS score is a broad evaluation of system usability, butezach the

SUS is targeted towardpecific qualities ofystemusabilityd C2 NJ SEIl YL SEystdmii SY H Q&
O2YLX SEAGE 6KSNBF&a AGSY mnQa (I NBSG dualitiesofy (G dzA (G A O
the & & & (i &abity that need to be scrutinised, iteavel SUS benchmarks are helpful. Simple
linearregression equations whetieputting a goal overall SUS valc@n calculate a corresponding

item score. In other words, by using the goal overall SUS score, the target score for each item needed

to achieve the goal overall SUS score can be calculatedeg@tession model is unaffected by the

omission of one of the 10 items in the SUS as well (Lewis and Sauro, 2018).
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Table4 lists the regression equations for each item in the SUS questionnaire. The table also shows
the item scores needed to achieve a goal overall SUS score of'6peiE@ntile or average) and for

a goal SUS of 80 (9percentile), including lower and upper limftsr a 95% confidence intervafor
example, if the goal is to achieve a SUS scoDphain item score of 4.19 would be necessary for
item 7 about learnabilityAlternatively, if the item score is known, it would be possible to calculate

a corresponding SUS score. For example, if it is known that an item score of 4 was rated for item 9
for confidence, it could be calculated that the score of 4 corresponds to an overall SUS score of 74.4
(YYY T mowwctgjugt touy ) @)

Table4. Item-level SUS Benchmark Scores (Lewis & Sauro, 2018)

Target for Target for
. Lower SUS =68 Upper Lower SUS =80| Upper
Regression [R . o . . N o
limit (50 limit limit (90 limit
percentile) percentile)

SUSO01 = 1.073927 + 0.034024(SUS

3.30 X 0 Pd 3.47 3.69 X 0 Py 3.90
[34.5%]
SUSO02 = 5.834918.04980485(SUS)

2.42 X H DT 2.48 1.81 K MDYy 1.89
[89.3%]
SUS03 =0.4421485 + 0.04753406(S

3.64 X 0 Pd 3.71 4.21 X N PH 4.28
[88.1%]
SUS04 = 3.76608D.02816776(SUS)

1.80 K My 1.90 1.45 X mdyd 157
[51.7%]
SUSO05 = 1.18663 + 0.03470129(SU

351 X 0 Py 3.58 3.92 X 0 ®g 4.01
[75.0%]
SUSO06 = 4.589918.03519522(SUS)

2.16 X H PH 2.23 1.73 K MdT 1.82
[73.9%)]
SUSO07 =0.9706981 + 0.04027653(S

3.68 X 0 ®T 3.74 4.15 X n @ 4.23
[84.6%)]
SUS08 = 5.575388.04896754(SUS)

2.21 X HOH 2.28 1.61 X mod 170
[86.5%]
SUS09 6.6992487 + 0.04435754(SUA

3.68 X 0 DT 3.75 4.21 X N PH 4.29
[85.0%]
SUS10 = 4.603949.03692307(SUS)

2.05 X H Dy 2.14 1.59 XK Mdd 1.71
[67.6%]
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2.3.2 Eyetracking

In testing the usability of a platform hosting spatial and archival datetrackingtechnology can

give great insight into user focus and attention while interacting with an interfagetrackingfor
usability testing is a psychophysiological apprahett assumes a connection between the eyes and
the mind. Visual attention patterns (physiological) are seen to be a representafionental
attention patterns (psychological). Gaze fixations and saccades (quickly moving between two points)
are the typesof eye movements that are recorded by most modern eye tracléamalysinghe gaze

of a user when confronted with visual stimuli can be used to not only support the assessment of
interface usability but also the learning process (Wang et al., 2019). Itedneing processit is
essential that available working memory capacity is oxrloaded. Memory capacity can become
overloaded when learners are confronted with instructional material that is laid out ineffectively.
Througheyetracking the visual seah can be mappeds a learner looks for relevant infoation
amongst different source@ardodzka et al., 2017).

The data gathered from agye-trackingstudy can be visualized and analysed in a variety of ways. In
context visualizations overlay a visaalion of the analysi®(g.,attention/fixation heatmaps, gaze

path plots, etc) on an image of the stimulus. Although-imetontext visualizations are possible,
adding a thumbnail image of the stimulus shown to participants as a background image for the
visualizations makes understanding the result of the analysis easier. Graphical visualizations are also
used ineyetrackinganalysis. Such visualizations include line and bar charts, scatter plots and box
plots. Analysis can be conducted for individuals or be aggregated to represent multiple individuals.
Visualizing the eye movements of participants at the individual level is valuable in that the viewing
behaviourof each individual can be identified in additiamany outliers or uniquéehaviours Care
should be taken when aggregating thge-trackingdata from all of the participants. Aggregated data
can result in visual clutter. However, this can be resolvedugh averaging (Blascheekal.,2014)

2.3.3 Combining Usability Testing Methods

Traditional usability testing techniques such as the SUS identify user satisfaction and interface
effectiveness and efficiency. Howeytdre SUS is more useful as a component in the interpretation

of system usability m@&so than as a sole indicator of usability. Traditional techniquesesed
trackingall have their advantages amtisadvantages butan be used in tandem as complements

to each other. Coupled with subjective usability assessments, iterative testing anessucc
completing tasks, the SUS can provide more valuable adépth insight into the usability of a
platform (Kortum & Peres, 2014; Wang et al., 2019).

2.4 Usability Testing in Digital Humanities and Heritage Studies

The seamless flow of information stamy from excavation to publication and archiving is the core of
digital archaeology (Lock, 2003). HowevBgre are not many usability studies conductedest the
usability of online archaeological tooks an archivantensive disciplinef the digital humanities, the
field of archaeolog often utilizes online repositorieas a common tool to access digitally stored
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information. Even in this regard, no detailed research has been conducted for the informagieds
and online tools used by archaeologists (Brandsen et al., 2021n conducted, usability evaluations
in archaeology are often applied to VR, digital museums and 3D cditardulis et al., 2006; Pescarin
et al., 2014; Huurdeman & Piccoli 2020

Fountain of the Lionis the name of the fountain and statues in the Nazaries Palace, which forms part
of the Alhambra, a UNESCO world heritage site, located in Granada,(Bpanp et al., 2018 An
interactive software program, named after the foumaand statues, was developed for viewing and
manipulating 3D models of the historically and artistically famous site. The models can be viewed on
a computer, a touchscreen device or in a VR environment, allowing users to manipulate the viewing
angle. Modés have a very defined texture, allowing users to see the Arabic inscriptions on the
fountain. Users can also select a feature in the models and read extra information abb isite

can be viewed as it appeared before and after its 2013 restoratimutih this application, to further

user understanding of the preservation and restoration process. Artists, archaeologists, historians and
general visitors of the site were identified as target us&ksth the expected differences in user
experience knowledge and skill amongst the target users, three personas were created for the
usability evaluation. The personas consisted of two positive (a professor and a coigugte child)

and one negative (a computdliterate retiree). The personas wersed to help identify the particular
needs of the persona and the hypothetical ways in which they would interact with the application. A
cognitive walkthrough was performed whereby a series of tasks in a 2D and 3D environasent
executed through the hypottical lens of the persona and rated. The rating answered the questions
in Table5 on a scale of one through five [1 = No, never; 2 = No; 3 = Maybe sometimes; 4 = Yes; 5 = Yes,
always].

Table5.Cognitive Walkthrough Questions for 2D and 3D Tagksomp et al., 2018

2D Task Analysis 3D Task Analysis

Will the user realistically be trying to perform this

. Can the user form or remember the task goal?
action?

Can the user determine what to do?

Is the control for the actionisible - -
Can the user view and locate the objects that are necess

to carry out the task?

Can the user approach and orient towards the objects to

Once the user finds the correct action in the interface, carry out the task?

will they know it is the right one for the effect they are
trying to produce? Can the user decide what action to take and how to take

Can the user carry out the manipulation or action easily?

Is the feedback appropriate? = A . ~ = A A —
IstheO2y aSljdzSyOS 2F U0UKS dzaSN
understandable?

Is it clear to the user what the next correct/needed cation
Upon task completion, is there an obvious next action] could be?

for the user to perform? Upon task completion, is there an obviousxhaction for
the user to perform?
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Located at the FinnisRussian border, the Wlak War Il Salla graveyaisia cultural heritage site that

is difficult to visit, due to a lengthy application process to acquire a permit to access the border zone
(Hakkila et al., 2019 This study used virtual reality as a solution to make visiting the cultural heritage
site passible. A virtual graveyard was developed, allowing users to navigaiaghrthe graveyard

using a heagmounted display. The OcudRift CV1 was used as the headunted display hardware

for the prototype. The project was developed using Unity3D and 3@eteavere built in Blender using
photographs taken by visitors. Textures were created from a high poly model and applied to a low
poly model. The virtual graveyard created an immersive atmosphere visually, by allowing changes to
daylight and weather condidns and audibly through spatial audio. A temg@loelement was also
added wherdy tree growth and the number of gravestones would change over time. Although the
intention was to create the virtual graveyard to be as accurate to the real world as poskiéie,

were mixed responses from the participants when thesteel the prototype using a headounted
display. The spatial audio received the most mixed responses, with some feeling that the audio was
annoying while others felt that it added to the atmospheSome also felt that the spatial audio was

not realistic enough, lacking sounds of wind blowing for example. Participants also struggled with
navigation. The walking navigation was found to be too slow, however, speeding it up caused nausea.
The heaebobbing movement involved in the walking navigation also caused nausea. Alternatively,
GKS WiStSLENIFGA2YQ yI@AILIGAZ2Y KSELISR gAGK yI dza €
session for the prototype took about an hour, although half of plagticipants had experience with

VR systems. The complexity of VR systems thed accessibility to a broader audience was
guestioned due to the difficulty that participants experienced especially with comfortable and
accurate navigation through the viiigraveyard.
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Chapter 3. Design and Development of 3D
Visualizations of Seoke

This chapter introducgthe process used to develop the 3D models that altogether made up the Seoke
3D sceneThe 3D models were buidts one of the contentso be embedded into the exploratory
environment to facilitate the conceptualization of Sepkensidering its physicahaccessibility The

outline section introducsthe specificcriteriathat the final models and scene should maetddition

to the data, software, code and design choices utilised for building the models and scene. The results
and evaluation section exanmeathe strengths and limitations of the models and scene and how well
they met the requirement@ addition todiscusggissues that were identified during the process that

are important to note. Lastly, statements about the models that advise the latgsters and further

work are addressed in theummaryand discussiosection.

3.1 Outline

3.1.1 Motivation

The most visually apparent remains of Seoke are the stone (@aigionl.4). Toan individual who is
not a specialist or is not thoroughly knowledgeable aboutgrtonial southern African settlements
seeing the stone walls througtnaditional mediums such aghotographs or 2D maps will not be
enough to conceptualis8eoke in space or its previously inhabited st 2010)Photogaphs will
provide a very zoometh and narrow view of the site, in @ manner that exemibts spatialcontext
and arrangement of other related objects in the sifes seen irigure3, the photograph of the stone
wall segmentwhile looking realisticloes not provide any insight into its locatioglative to other
wall segments Alternatively, 2Dmaps Figure4) not only remove the viewer completely from the
scene and provide y f & leye dverM@neI abjects but also represent theusing symbols, thus
transforming thereal worldin abstractiongSeipel & Carvalho, 2012)

Conw

Figure3. A Stone Wall ngent at Seqhotogrphd y Brenda Maina, 2020
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Figured. A Map of the Northern Clusters of Stone Walls in Seoke

*Stone wall data was created by Stefania Merlo

A 3D component will fill the gaps left by photographs and 2D maps as visual mediums for learning and
in conjunction with photographs and 2D mapsteate a more comprehensive exploratory
environment. By representing the geospatial data for Seoke in 3D and spatially organising models into
a 3D scene, viewers can get more insight into the spatial relationships between objects while still
experiencing a dege of realismAs such, thed A NaRe®Bijectivity available in 2D maps and the
realism available in photographs can be simultaneously achieved. This is especially necessary in light
2F GKS aAriSQa LKeaAOlf Ayl OOSaaroAiAfArled ¢KS 3AS23
other material remains, are better suited to be visualized based on thdinfnsional attributes. As

niche objectqarchaeological artefactthat may be unfamiliar to day person i.e., middens, grain

bins, gmding stones, etc,)describedusingjargon, vsualizing the objects based on their physical
attributes makes information about the objects more accessible and attractive to a wider audience.
Moreover, as niche objects, representing objects as 3D models is also useful for object recognition
and informdion retention (Loschky et al., 2010)

3.1.2 DesignCharacteristics

Thedesign characteristics that the 3D Seoke visualization shoulddraves follows:

i) Spatially organizeknown and informed spatial data: Firstly, visualize the known spatial
information aboutSeoketo illustrate the textual informationWhile thearchaeologicamaterial
remains discovered at the site will haleeational information attached to them (i.e, stone walls,
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middens, etc.), otheelements (i.e., cultivated fields, vegetation, etc.) can only be infeSethe
objects will have to be placed in the scetoecreating a more complete image of the site even
though their existence is based on textual evidence and not physical evidenwFigha@mains).
Objects that do not have a known location should be built within the scene using informed
assumptions.

i) Portrayal of the fhysicalenvironment: The overall appearance of the scene should portray an
image that is fittingto the place andime in which the scene is set. This should be achieved
through the physical environment recreated by vegetation models, sky pangraro@ent
sunlightand the material culture through the integration of archaeological and ethnographic
expert knowledge that has been gathered in specialized studies and archival research

iii) Realism The models are built using spatial data grounded on real archaeological data collected
at the site.Models should be portrayed with appropriate textures, dimensions and stales
portray functional realismAs the models will be organised together to ceeat3D scene, objects
must be of the appropriate scale relative to each other. It is especially important to accurately
capture objects that are not mainstream or well known.

3.1.3 Software

QGIS is a free and opsource desktop geographic information system)GThe application can be
used for the viewing, editing and analysis of geospatial (RIS, 2021)/ersion 3.10.6 was used to
clean and manipulate the shapefiles preparation for3D modellingin CityEngineCityEnginds a
software developed by $i to support the 3D mass modelling of urban environmer@sher 3D
modelling softwarewere evaluated, namely Blender and UnitiHowever, due to data format
compatibility, hosting costs and the user learning curve, CityEngine was ultimately selected.
CityEngine can support georeferencepatial data formats such as shapefiles and GdgTIFhis
would support the building of 3D models basmtthe digitised footprints of the stone walls found in
Seoke Additionally, 3D scenesaneasilybe hoged on Ar&lIS Online and distributed onlingor the
development of the modeld/ersion 2019.1 of CityEngine was used. Models in CityEngine can be built
usingComputer Generated Architectur€GA, which is a softwarspecific coding language used to
GNAGS TKESONBAF SAGNUzOGdINBaA P ! f K2dZAK GKSNB | NB
writing rule files is the best method for mass modelling, as the rule file can be assigned to multiple
shapes at a time. CityEngine comes equipped with comprehenhgivgals to help &first-time user

learn how to write CGA and to fully maximise the capabilities of the software.

3.1.4 Dataand Tools

The spatial data used in building the modetse created by Stefania Merlo, through digitization using
aerial imagery and osite survey using a hartteld GPSFigure2; Figured). Thelist of 2Dspatial data
usedto create the 3D modelsan be seen iffable6. Furthermore, some objects were represented by
models sourced from external providefihe cattlenodels were sourced from Creazilla and Sketchfab
and the corfiields weresourced fromFree3D The 3D model of the grinding stone is one of a grinding
stone found at the site and was created by Anton CoetZEee externally sourced models were
imported into CityEngine and inserted into the scene based on the georeferenced shapefiles for the
20280GaQ t20FiAz2yaod
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Table6. List of SpatiaData Used

SpatialData Author 2D Format Date Description
Stefania Shapefileg Received: | Digitized line vectors for the centr
Seoke centra . .
Merlo vector line 19-05-2020 | cluster of stone walls in Seoke
Seoke North Stefania Shapefileg Received: | Digitized line vectors for the norther|
Merlo vectorline 19-05-2020 | cluster of stone walls in Seoke
Seoke South Stefania Shapefileg Received: | Digitized line vectors for the southeq
Merlo vector line 19-05-2020 | cluster of stone walls in Seoke
SeokeGoodle Stefania Shapefileg Received: | Line vectors for the stone walls in Sep
9 Merlo vector line 19-05-2020 | digitized using Google aerial images
Point vectors of material findingéound
in the northern cluster of Seokerough
Stefania Shapefileg Received: | & onsite survey Material findings
NCSurvey . include bone, grain bins grinding
Merlo vector point 10-2019 o
stones, lithic fragments, platforms
potsherds, quern stones, sliding doo
spears and spearheads.
NC Middens Stefania Shapefileg Received: | Polygon vectors of middens found in t
Merlo vector polygon | 06-10-2020 | northern cluster of Seoke
Stefania Shapefileg Received: Polygon \{ector of a large catt
Kraal Merlo vector nolvaon | 06-10-2020 enclosure in the northern cluster (
Polyg Seokebased on material evidence.
Polygon vectors of assumed locationg
NC Kraal | Brenda Maina Shapefile Created: | cattle enclosures in the northern clust
vector polygons| 09-10-2020 | of Seoke, based on expert advice 4
the shape and size of stomamclosures.
Polygon vectors of assumed locationg
Dwellinas | Brenda Maina Shapefileg Created: | dwellings in the northern cluster of
9 vector polygon | 09-10-2020 | Seokebased on expert advicand the
shape and size of stone enclosures

3.1.5 Scene Elements

The scene elements worked in tandem to depict Seakiato how it appeared when it was inhabited,
based on the known and assumed locations of the found or theorised material remains of the site.
The availability of spatial data detemed whichobjects were modellecand the models were
designed based on reference photographs and drawings as well as expert advice. Of the objects for
which spatial data was available, the stone walls, middens, grain bins and grinding stones were
selected to be modéd, the latterthree chosen due to their dimensions that allowed for visual impact

in the sceneOther material findings, namelgone, lithic fragments, platforms, potsherds, quern
stones, sliding doors, spears and spearheads, were not modetestly asthese objects would
appear too small relative to the scale of the scene or not enough information was available about the
objects.

Scene elements with no known locatienamely dwellingscattle kraas, crop field and vegetation
were also added to thecene. Dwellings wemaodelledas they are critical in depicting an inhabited
space. The locations of dwellmip the 3D scene were based on informed assumptions and expert
advice. Cattle were a very important status symbol to the Bangwaketse and bwnkihat there
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were many cattle in Seoke. As such, they were also added to the s@éeeobjects were modelled
as they would have appeared at the time that Seoke was inhabited.

3.2.3.1 Stone Walls

The digitised stone wall data wastially received as line vector data. It was first loaded into QGIS
where it was buffered&0.25m to create a polygon footprint with a width of 0.5m for the wallsese
dimensions were set based on the advice of Stefania Meuthm had conducted surveys at the site
and measured the width and height séveralwalls The footprints were then smoothed to remove
some of their angularity after which they were loaded into CityEngihe. rule file for the walls first
determines the area of the footprint. Because not all of the walls had height attributes, wall height
wasset to be determined by footprint areagain,based on the advice of experts of the site. Walls
with a footprint area of less than 1Giwere set to have a height of between 0.1m to 0.3m. Walls with
a bigger footprint area were set to have a height of beéw 0.7m to 1m. With the walls extruded, a
texture was projected onto the model, with different projection dimensions for the sides and the top
of the walls to maximise visual realismbémp mapwas also added to further enhance the illusion of
the texture being raised (AnneX).

Figure5. Stone Wall Models Compared to a Photograph of Stone Walls in Seoke. Photogray
Brenda Maina, 2020

3.2.3.2 Dwellings

The dwellings are a recreation of what living spaces may have looked like within theeatdogsures
Several drawings and photograpiégures; Figure7) were referenced in addition to the expert advice

of Sefania Merlo, Amanda Berhuysten and Fred Mortonto develop accurate models of the
dwellings. The footprints of the dwellings were created in QGIS within the Stone Walls that were
identified to most likely have been an enclosure for dwellings. This was based on the enclosure si
the width of the enclosure entrance and the presence of middens for some. Often, there would be
multiple dwellings within one enclosure to accommodate for the privacy of each wonaaried to

the same manThe dwelling footprints have a radius of 4, 3rased on knowledge from literature and
traditional Tswana dwellings (Larsson & Larsson, 1984)

The rule file (Anneg) for the main structure extrudes each dwelling to a height of 3m. A texture was
projected onto the dwellings to replicate a mud walleTdoor is made up of an arched opening made

in the walls. Dwellings at the time did not have windows, thus, they were not included in the model.
The thatched roof was extruded at a slight height of 5cm to add dimension to the projected thatch
texture. A sparate rule file (Anne®) was written to create the veranda and wooden beams that were



Page |39

used to support the weight of the roof. The veranda has a width of 80cm and acts as a support for
anchoring the wooden support beams. The beams were made up of extydiedrical shapes and
each beam was assigned a random wooden texture to reduce uniformity.

Figure6. Reference lllustration of Tswana Veranda Dwellings, IIIstrated by John Campbell, 1820

Available atwww.kadishwene.com

Figure7. Reference lllustration of a Tswana Dwellibg William Burchells, 1812

Figure8. Dwelling Model in the Seoke Scene


http://www.kadishwene.com/
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3.2.3.3 Vegetation

The study area is currently quite densely vegetated, with tall grass in the lowlands and tree cover up
on the hills. However, when the area was inhabited, it was far less densely veget#tedagetation

was cleared awafor building the setiement and for cultivationAs such, the scene shows low grass
with several trees and bushes scattered aroundadlueve thisthe preloaded vegetation models that
come with the CityEngine software were used (AnBexXThe CityEngine software comes preled

with 127 plant species, available in tEerilibrary. The modelavailable in the library were examined
against the common tree species in the Seadst districts of Botswana (Setshogo & Feng&03),
where Seoke is located. The species in the libzansist mainly of species indigenous to the Americas
and Europe with a few Asian and African species. The load time for the CityEngine isodeth

faster than that of vegetation models from e&xhal providers. As such, CityEngine vegetation models
were used in the scene, although they are not accurate representations of the species found in the
study area. The vegetation chosen for the scéhable?7) were sdected based on their aesthetics,

with characteristics such as colour, size and drynegsluated against photographs of the qfégure

9).

Table7. List of Vegetation Models from the ESRI Librémat were Usedin the Seoke 3D Scene

Trees Bushes
Apricot* Alder Buckthorn
Desert Willow* Boxwood
Umbrella Acacia* Common Hawthorn
Osage Orange Flannelbush
American Pepper Hedgehog Agave
PaloVerde Shadbush
Western Soapberry Witch Hazel
Mexican Buckeye
Northern Bilberry
Southern Wax Myrtle

*Speciesdund in southeastern Botswana
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Figure9. Vegetationat the site Compared to Vegetatioin the 3D Scene. Vegetation at the site
Photographed by Brenda Maina, 2020

The Bangwaketse also grew crops such as sorghum and millet. The crop fields in the scene were
created using a model and texture sourced from Free3D (dlait: https://free3d.com/3dmodel/-
corrnHield-v1--790634.html), an external online provider. There is no clear evidence available as to
where the crops were specifically grown in Seoke, as such, creative freedom was used to select the
location of the crg fieldsin the 3D scene. The polygons for the cfigidswere created in CityEngine,

and models were inserted onto the polygons at even intervals to create the image of rows of plants
(Figurel0).

Figurel0. Millet Models in the Seoke Scene
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3.2.3.4 Cattle and Kraals

Cattle were seen as important assdigthe Bangwaketsand represented wealth and poweilhe
Bangwaketsdjke many other Tswana speaking groups at the tigfeen raided neighbouring groups

for their cattle. As suclit is estimated that therevould have beemundreds of cattle in Seok€attle

were kept in cattle kraals (cattle psn which were often stone enm$ures similar to those for
dwellings except they had narrower entranc€ther cattle were kept in enclosures made with thorn
bush and woodBotswana cattle have a wethown and distinct appearance. The Sanga cattle of
southernAfrica have horns and neslthat make them visuallgifferentto European breeds of cattle

( Figurell). Due to their distinctive characteristics, it was important to heattle in the scene that
resemble Tswana cattle. However, the 3D cattle models that are available were modelled after
European breeds. Due to this limitation, the cattle models chosen for the scene were selected based
on other characteristics such as calimg and sizeRigurel2).

The models and texture were sourced from Creazilla (available at: https://creazilla.com/nodes/3177
cow-3d-model) and by GSe€ations on Sketchfab(available at: https://sketchfab.com/3d
models/cowskinf79f2bc987f94c9ead02a36844e7c48b) and were distributed within the kraals using
the code in Annes.

1
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' Figurell. Sanga Bull

Available athttps://www.thecattlesite.com/breeds/contents/tulibull.jpg

The models for the stone enclosures were created using the same codeawg/asused for all of the

stone walls in theyeneralscene (Annef). The model for the wooden kraal was created by extruding
cylinders at even intervals along the outline of a polygon shape. Each cylinder was then tilted at
random angles and also shifted a random distance to recreate the irregutaiwitied branches. The
cylinders were also assigned a random wooden texture (Aihedsing thornbush models to create

the wooden kraal caused lagging issues, as such the simplified cylindrical poles were used as a work
around(Figurel?2).


https://www.thecattlesite.com/breeds/contents/tulibull.jpg
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Figurel2 Cattle Models in the Seoke Scendthin the Wooden Cattle Enclosure

3.2.3.5 Middens

Middens were rubbish pits that could be located either behind the back portion of a dwelling enclosure
or in thecentreof a cluster of dwellings. They were covered with dirt after they were filad,these
extrusions are what remain to this day. The models of the middens were created by creating
extrusions that peaked at theentre of the midden polygon. The random heights were assigned for
the peaks of the midden@-igurel3). Lastly, a dirt texture was added to the midden models (Annex
9).

™ A 2

Figurel3. Midden Model in Seoke Scene

3.2.3.6 Grain Bins

Grain bins were wooden structuresed to store grain and produce. The structaomsists of a cone

like shape that is made of intertwined branches that work as the container and beams that work like
stilts to keep tle container off of the groundFigurel14). A small, circular arrangement of stones
inserted in the ground would have served as the base for the grain bin cone and it is the trace of such
structure that can be found todayhe spatial data for the grain binsdicating thecentre location of

the small wooden structure, consistediginallyof point vectors These wereonverted into polygos

using a buffer operation to be one compatible with CityEngind.he model of the grain bin was
created in two parts. The container was created usings&d6d condike shape, where each face of

the shape was made up of cylinders spaced out over even intervals. The cylinders were assigned
random wooden textures (Annexd). The beams were created by extruding cylinders along the outline

of the grain bin polygon at even intervals. On top of the support beams, a ring of intertwined branches
was added. The cylinders were also assigned random wooden textures (Anex 1
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Figurel4. 3D Model of a Grain Bin in the Seoke Scene

3.2.3.7 Grinding Stones

Grinding stones are stones with concave surfaces that were as@dbaséo crushingredients such

as cereal seeds, tobacco, or ochre. The crushing was dong as ellipsoidal stone, known
archaeologically as a quern stofieigure15). When found at the site, they are identified by their
characteristic shapes, but also from samples taken of traces on their surfaces that are then identified
in a lab. The model used for tkeene was a 3D model made by Anton Coetzee and was made from
photographs of a grinding stone that was found in Seoke (An2gx 1

Figurel5. Model of a Grinding Stonand Quern Stonén the Seoke Scenereated by Anton Coetzee
2020

3.2 Resultsand Evaluation

The results section presents the model and scene development outcomes against the design
characteristicshat were previously outlined in Section 3.2.3.

3.2.1 Organization oKnownand InformedSpatial Datanto a 3D Scene

After the models of the various objects were built, they were organized according tcekieant
geospatiadata. In doing so, scenes were created whereby objects were spatially organised to create
a visually communicative presentation of the known arfdrimed locational information for the site.



Page |45

In the process of organizing the 3D spatial objects into a scene, building a single 3D scene for the
entirety of Seoke became difficult. The spatial data sets for Seoke consist of several hundred objects
with the stone wall dataset alone consisting of over 1000 objects. Building one scene using all of the
objects in the datasets available raised concerns regarding load time during distribution. In distributing
the 3D scene online, loading errors occurred durviiegving, due to the large size of files for a 3D scene

for the entirety of SeokeTherefore, a smaller segment of the site was seledtaeh whicha 3D scene

was createdFor this, the Northern cluster of stone walls was selected.

The Northerrcluster of Seoke was selected as it is an area of the site for which excavations and surveys
have produced the mostariety ofspatial dataOther areas in the site that have not been excavated

or surveyed are limited to larger and more visually apparenhaeological remains such as stone
enclosures and middens. The wider variety of spatial data available for the Northern cluster also
provides for more data points from which inferences can be made for the locations of spatial objects
with no known locatio, such as dwellings, cattle and crops. Altogether, 3D models of stone enclosures
(for living spaces and cattledlwellings, griding stones, grain bins, middens, vegetation, crop fields
cattle and a cattle kraal were organised into a scene to depict trghErn cluster of Seokdduilding

a scene with various objects created an environment that seems inhabited. Although the scene is not
a whole duplicate of what Seoke looked like at the time, it creates a simplified visual backdrop for
learning about Seoke

Figurel6. Seoke 3D scene

3.2.2 Portrayal of the Physical Environment

The vegetation models are important for adding to the realism and as they are important cues for the
place and time that Seoke existed in. Seoke at the time wasedeof most of the natural vegetation,
remaining with short grass and a few trees and bushes. The selection of vegetation species and the
density of distribution are important nuances that can quite dramatically change the setting. As seen
in Figurel8, in an earlier version of the Seoke scene, an inappropriate mix of vegetation species were
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chosen and was distributed over the scene with an overly high distribution density. The combination
of trees that were too tall and close together creates a setting that does not look like southeastern
Botswana and will impact the immersiveness of the scexlater version of the Seoke sceRre

17) had more bushes with a few trees with the vegetation being more widely spread apart, which was
a better recreation of the setting.

Figurel?. Later Version of Seoke Scene with Vegetation

Adding to the physical environment of Seoke, the site lies on hilly tedtavould, therefore, have

been ideal to integrate this topographic information through the landscapmwever, it was not
possible to build the 3D scene onto a terrain in CityEngine due to limitations in the software. When a
terrain is created in CityEngine, the other objeictshe scene need to be fitted onto the terrain. This

is easy to achieve whet@ityEngine is used tauild a scene of a modern urban city. Most cities are
built on relatively gentle slopes, and in cases when a building is built on a steep slope, often the
foundation of the building is built into the slope to create an even foundation. In CityEngine, this
functionality is seamlessly supported for Block objects, which are blocks of buildings that are
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surrounded by street networks. The relative size and serfaea of buildings in modern urban cities

also make it easier for the software to align them onto a terrain. The larger surface area of modern
buildings means that there are more tangent points with the terrain, making alignment easier. The
objects in theSeoke scene are Shape objects, not Block objects and as such, were difficult to align to

I GSNNIAyd ! RRAGAZ2yIFIfteés 2062S00Ga ¢g2dA R WFE 21 0GQ
would not allow for seamless alignment for steep changes initetae to fewer available tangent

points.

3.2.3 Realism

The 3D models and consequent 3D s&amere intended to achieve functional realism, whereby the

same visual information is provided by the sceae whatexists in the real world (Hagen, 1968;
Ferwerda,20 o 0 @ ¢ KS WNBI f ¢SokiviRullizatkion is fefgranteds @ somidrationi K S

of data for what is physically present and intact at the site, data of material findimdjevidence and

data that can be inferred from the two previously menti@hdatasets. The combination of these
RFEGlIaSia ONBI GBENF RAS2ALIWERAET A WNBHANBY (it & (y26Y
century. Within this premise, the 3D models and consequent 3D scameintended to provide

reliable visual inforration about thelocation and organisation ¢fieseobjects As discussed in section
3.3.1,functional realism must also portray tiseale dimensions, materialandtexture of objects, to

support the task of learning, in particular.

Objects were built to scale in relation &ach other As the spatial data for the objects in the scene
were spatially referenced, the objects were built within this reference frame. For 3D otijatisere

built in CityEngine, the shapefile footprints were used as the foundational shape upon which the
models were built. The stone enclosures were randomly assigned heights within a range, however,
the ranges were based on findings from-site surveg. Imported 3D objectsnamelythe cattle
sorghum, grain binsand grinding stones were carefully sized, by referencing known average
dimensions for the objects.

The dimensions of some objects were dictated by the functionalities of the softWzirgEngie was

developed primarily to recreate large urban cities in the developed world, characterised bgig@gh

buildings, intricate stone and concrete facades, glass panes and precise geometry and networks.
Modelling Seoke required modelling a settlement tth& much smaller in scale in comparison to

modern urban cities, with structuremade fromnatural materials and imprecise shapes with more
2NHFYAO ySig2Ny1ad !'a adzOKX (GKS Y2RSta FNB odzif
rounded shapes inhe real world were modelled using simplified geometric and angular shapes. This
isparticularlyevident in the stone wathodels The models of the walls were extruded with flat planes
(Figurel9), although the stone walls are more irregular and organic in shape.

Instead, the materials projected onto the models provide visual cues as to the nature of the objects.
Materials such as stone for the enclosures and grinding stones, wood for supponsteead grain

bins, thatch for roofs and earth for dwelling walls worked to portray organicness in the models. In
combination, the textures applied to the models helped to offset the geometric dimensionality of the
objects by creating an appearance of unemess and irregularity, using shadows. Appropriately
assigning materials and textures greatly affected the overall image of models. This is evident in the
early iterations of the dwelling models. Dwellings in Seoke had mud walls, which in reality would
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visually appear softer and irregularly textured. Finding the right combination of the texture image,
projection dimensions and shadows to visually replicate the appearance of a mud wall was a process
of trial and error. Due to design choices, earlier versifrtie dwelling models appeared hard, dense

and cemerdlike, which further emphasised a harsh geometry in the models that is an inaccurate
representation of the dwellings that were in Seokég(re20).

Figurel9. Stone Wall Models in the Seoke Scene

Figure20. Early Version (left) and Latérersion (right) of Dwelling Models

3.3 Summaryand Discussion

The resulting scene conceptualizes Seoke in space in a way that is not possible through static drawings,
photographs or 2D maps. The scene provides insight into the spatial arrangement and relative scale
of different features and objectsThe visualizatiorof the geospatial dataf Seoke in 3D was an
appropriate approach when considering thedBnensional attributes of the data. Visualizing this
information in 3Dwith functional realismmore authentically represent the nuances and details of the

site more ® than a 2D abstraction of the datould have. Thenodels provide a visual reference for
objects that are not well known or mainstream, through the visual cues of their materials, dimensions
and construction. Examples of the more unfamiliar objects in $eeke scene include grain bins,
middens and grinding stones. Without prior experience with these objects, it would be difficult to
envisionthe appearance, scale or materials of these objects withgusktual descriptionThe design
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choices for the phsical environment withinwhich theseunfamiliar objects are arranged such as the
vegetation, sky panoramancident lightand even livestoclglso enhanced theommunication of the
nuances and details of the site.

However, the models should not be the only visual source of information given to viewers about
Seoke. It is important in this case for the 3D models to be presented to viewers in conjunction with
available archival materials such as drawings and photogt#@pbhaeological information is subject

to differences in interpretation, changes in perception and changes in hypotheses that occur over
time. Furthermore, the Seoke scene is merely a visual representation of the spatial data available for
the site and $ limited by the information and knowledge that was available at the time of its
development. Although 3D models can portray the extent of Seoke in space, drawings and
photographs add to a richer conceptualization of the sitlso, the models are not extaeplicas of

the objects that existed in Seoke especially as they were not built with hyperrealism or photorealism.
CityEngine, the software used to build the models and scene, is catered to the modelling of modern
cityscapes, and as such experiencedtétions in modelling a preolonial settlement. The models

built were characteristically too geometric and clean.

3D modelling has been found to cause cognitive overlaadental burden caused when an individual

is faced with processing a task that excedaeir mental abilities (American Psychological Association,
2020). Cognitive overload has been found to occur fthm manipulation of dynamic 3D models,
immersive 3D games and hypermedia 3D learning environments. This is especially the case for learners
with alow spatial ability(Berney et al., 2015; Gerjets & Scheiter 2003; Paas et al. 2003; Huk, 2016).
Even with the educational potential of the developed 3D models and the knowledge that can be gained
from them, how they are presented to learners iscaucial variable. The intended users of the story
map and the target audience for the study are expected to be a diverse group with unknown spatial
capacity(see Chapter 4Considering this, the presentation of 3D models in the story map must keep
any poential cognitive overload to a minimum. The 3D contents must work in harmony with the other
media in the story map. Learners should not have to rely on the 3D content for their understanding;
processing how to view and understand the 3D content shouldretwhelm the mental abilities of

the learner.



Page |50

Chapter 4: Utilizing a Story Map as aDigital
Exploratory Environment

This chapter discusswhat story maps arewhy the exploratory environment was presented as a
story map andchow the story mapvas made. Theverviewsectionintroducesthe intendeduserand
design characteristics of the story maphe tools, datand media used to create the story map in
addition to the links to objects in the archigeeexplained in the devepment section. The evaluation
section preserd the outline of the narrative and the design choices involved in the layout of the
various educational materials. Lastly, tsemmary section elaborate on the story map as an
educational tool that is equippet facilitate the learning process of readers.

4.1 Overview

Storymapping is the use of a web application that integrates textual information with other media,
mostly geospatial information presented i8D maps but also including images, videand 3D
visualizations. The textual information facilitates a storytelling approach for disseminating information
that attaches character and narratives to the media in a way that makes learning more accessible
(Berendsen et al., 2018As a product, the story map was developed as an educational tool that
presents niche and disciplirmpecific information about a preolonial African settlement in a
simplified, concise manner for those who are not specialists or arahwsbughly knowledyeable

about precolonial southern African history. The presentation of new or complex information can be
executed in a manner that makes its assimilation more natural when characters and plots are attached
to it (Berendsen et al., 2018), such as whabisgible with story maps. In this regard, the Bangwaketse
and their inhabitancy of Seoke respectively, fit the previously mentioned roles.

4.1.1 IntendedUsels

As an educational platform, thatendeduseis of this story map areecondary school and university
students. University students attending a Botswana or South African universitgre targetedin
particular, considering participation for usability testingehcompassing undergraduate to
postgraduate studentsthe target user would, on average, be in their early twentidse university
studentsare not expertsaboutpre-colonial southern African historjpowever, they may be enrolled
in courses that are somewhat related to the story mamvide context to tke information presented

or how that information is presentedMoreover, the target user is expected to have reading and
comprehension skills in English in additioniniternet access andomputer skills, mainly regarding
using a computer mouse.

4.1.2 Design Characteristics

A story map was selected as the mediurotigh which the exploratory environment is presented for
two main reasons. Firstly, a story map can be used to disseminate complex information in a format
that is more natural to a learneAsthe target user may not reap major rewards in their academic or
work environment from learning about Seoke, their interest in Seoke may be momentary and
situational. As they may hauanited internal motivation to learn about the site, it is important to
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generate motivation and interest externally through engaging information that is laid out effectively
Secondly, a story map can be used to naturally integrate various formedi& that support the main
textual information of the story maghe target usr may not be willing to invest a lot of time reading
long and complex information about a subject they are not familiar wiitaking use of various forms

of educationaimediacan make the learning process maisually andauditorily engaging

Although mrt of the initial proposal of the study, the design characteristics of the story map was
collectively discussed and agreed upon with the collaborators of Maetsemegologoloproject
(Section 1.1; Annex ) over multiple workshops, virtual meetings, conversations and emalil
correspondences. After reading various sources on Africanist approaches to urbanism, Tswana mega
towns and the Bangaketse in particular, narratives were constructed. These narratives were
presented to theMetsemegologoldeam, comprised of several lecturers and teachers. Revisions and
refinements were made until the themes of the narrative were approved, resultingesign
characteristics for the story map which are as follows:

i) Concise Structurd:o support learning, the narrative of the story map must have a clear and
concise structure with an introduction, a body aadconclusion. There must be a clear
introduction to characters, physical environment and milieu.

i) Variety of MediaSecondly, the story map must haaeuration ofvarious forms of media
including 2D maps, images, video and 3D visualizatioat supporthe narrativeanda multr
faceteddiscusgon of a precolonial southern African padt/sers should be presented with the
various mediums of spatial and archival information available for the site.

iii) Link tothe Archive:Lastly,a curation of materials from thdletsemegologoladigital
archaeological archive (Sectidnl) must be integrated into the story map. The curation of
materials must support the narrative and the discussiothefpre-colonial southern African
past in addition to providing archaeological, archival and academic access to Seoke.

4.2 Development

4.2.1 Applications

The story map was created using ArcGIS StoryMap, an online applibgtiesri The application is
available to use for ArcGIS Online us@sfore ArcGIS StoryMap was chosen as the development
applicationfor the digital exploratory environmentseveral other systems and applications were
evaluated. Included in thetber similar sbry mapping applicationsyere StorymapJS and MapJoain

Content management systems (CMS) were also evaluated, namely Drupal, Joomla, WordPress, Wix
and Djangoln choosing between a story mapping application and a CMS, story mapping was selected
as it wa better suited for specifically presenting geospatialteahand offered hosting services with

no additional cost, whereas the evaluated CMSs required incongruous extensions for working with
spatial data and required hosting from thiprty providers at cost.

As both ArcGIS StoryMap and MapJoueral Esri products, they were the most compatible with the
web maps (made through ArcGIS Online) and CityEngine 3D visualizations (developed using an Esri
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desktop application) that were created to be incorporated in the final product. Consideringvtiois, t
versions of the tory map with the same content were createcone usingArcGIS StoryMap and
another usingMapJournaBuilder. These two versions were std#tinched to theMetsemegologolo
team to gain feedback on preferenceégcGIS StoryMap had a faster loading time, did not lag as often
and had a more appealing visual aesthesig it was ultimately selected

4.2.2 SpatialData

The spatial data used in the web map includes the Seoke extent, stone walls as well as point data for
all of the material findings in the Northern clusté8ection3.1.4 Table6). The stone wall data was
provided by Stefania Merlo and was created from the digitization of aerial imagerydition toan

on-site survey with a hanteld GPSThe material findings in the Northern cluster include the point
location of grinding stones, grain bins, quern stanestsherds, lithic fragments, platforms, spears,
sliding doors and other similar objectss Seoke is a relatively new site in terms of study and data
collection(Sectionl.4; Sectior2.1.3, the geospatial data presented in the story map only conveys the
data available athis current stage of research. Metadata is available, especially for the data regarding
the material findirgs in the Northern cluster of Seoke. Daigie data of the collection of the
geospatial data for various material findings are available in the story map.

4.2.3 Archive

There are several points in the story map that make links tligdal archive. The archivis being
developedby Anton Coetzegas a collaborator in theletsemegologolgroject (Sectiori.1; Annex )

for the exploration of cultural heritage, informing on history and other related humanities subjects
The archive holds archaeological objects related to the site suchugsum objects, findings from
recent excavations3D modelsgeospatial data, aerial imagery, photograpaschivaldocumentsand
published papers. These objectanform on indigenous artforms, linguistics, ancient foodways,
environmental adaptation and concepts of home and po@éetsemegologolo, 2021)he curatio

of access to specific materials in the archive through links in the story map provides archaeological,
academic and archival access to SedReructurally, for every object in the archivihere are
descriptions, links to sources, and relationships witier objects in the archive.

Figure21. Visual Item inthe Metsemegologolo Archive


mailto:anton.coetzee@gmail.com

Page |53

4.2.4 Media Elements

The various media elements in the story map serve to create a visual reference to the objects, places

and peoplediscussedn the text. The images in the story map include archival photographs, recent
images of the site as it appears now as welhasgesof the 3D visualization in cases where there are
no relevant images available.

The 2D web mapsvere created using the A@ISMapVieweror were made directly in ArcGIS
StoryMap. The 2D npsin the story map were used mainly to orientate the viewer as to the location
of Seoke in addition to the physical environment and extent of the site. As the site is netifipuilt
using abase mapof aerial imagery clearly showed the terrain, vegetation and rivers in the area, with
better detail than a vectobase map The stone wall and material findings datare superimposed

on thebase map The web maps allow users to click on featuebiing up their attribute data as a
pop-up, allowing important attributes such as the datedafta capture to be available to a viewer.

Two interactive 3D visualizations were added to the story map using CityEngine Web Ciegvetive
overload was aancern, as discussed in Sectidh8.2 and 3.3, because of the unknown spatial
abilities of the target users. Manipulation of dynamic 3D modaldimmersive 30were, in particular,
were issues of concerrilhus, thevisualizations are bbt simple and small in size to minimize any
cognitive overload issued thatuser may experiencavith the added benefit of a faster loading time
Users can pan, rotate and zoom in seesimplevisualizatios, but can also use theutoplay feature

that automatically moves the visualization key parts of the scene. The first visualizati@vailable

at: https://bit.ly/3s0l1fv) is of a dwelling and includes a stone enclosure, midden, grinding stone, pot
and grain binEigure22). Each object in the visualization has an infoppphat explains what the
object is, what it is made up of and how it was used. The second interactive visual{astidable at:
https://bit.ly/2YDpGdH)is of the terrain of SeokeF{gure23). The various hills in the settlements
played important roles for the Bangwaketse as defensive structures. The visualization displays the
terrain of all of the larger clusters of stone walls found at the site.

Figure22. Interactive Dwelling Visualization
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Figure23. Interactive Terrain Visualization

As discussed in Secti@?2.1, the Northern cluster of Seoke was selected for the portrayal of a 3D
scene as a solution for the loading and distribution issues that arose for a 3D scene for the entire site
of SeokeThe visualizatiof the Northern clusteiis detailedand complex, containing hundreds of
different objects. As such, the exported file is quite large. This made it difficlitiktan interactive

3D scene of the Northern Cluster in the samanneraswith the dwelling and terrain visualizations.
CityEngine Web Viewer recommends a maximum file size of 20MB for web scenes. However, the 3D
web scene for the Northern Cluster was upwards of 200MB. As the story map is intended to be
distributed and viewed onlindyaving users load such a big file would be an issue. As aanauid,

a video was created that displayed all of the different components of the Northern cluster visualization
(available athttps://youtu.be/z3Gnbqgz7xIU)

Using the CityEngine desktop dipption, screen recordings were made moving through different
sections of the Northern cluster 3D scene. These screen recordings were compiled into a short video
using Adobe Sparlds the story map was to be evaluated through eye tracking, it was detaded
include a voiceover to describe the video content, rather than annotatiofRer the video voicever,

a script was written out with input from Metsemegologolo collaborat@anex 1)Stefania Merlo and
Fred Morton. To select aindividual forthe voiceover recording, a request was sent out via email to
severalMetsemegologolaollaborators to send a sample clip reading out an excerpt ttoascript.
Jennifer Fitchett was ultimately selected. Once received, the audio recording was cteaeetbve

any noise using BandLab, an online applicatiorhe video and voicever audio were compiled
together using MiniTool MovieMaker to produce the final product, which was then uploaded to
YouTube aneémbedded into the story map.

4.3 Evaluation

4.3.1 Structure

Thefinal story map product can be found here (availablenétps://arcg.is/OSDaa Thenarrative of
the story map is organised conciseito clear introduction, body and conclusion sections. The
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introduction of the rarrative orientates the viewer to the location of Seoke in relation to the world.
The value of studying Seoke is also introduced in the broader context of studyinglprgalsouthern

African settlements such as Mapungubwe and Great Zimbabwe. The naaacters of the narrative,

the Bangwaketse, are introduced. The power, influence and activities of the Bangwaketse in the region
are addressed. As part of the body, the narrative introduces the stone walls of Seoke as the most
apparent remains of the sdément. In establishing the foundation of the state of the site in current
times, other related topics can be discussed. The body presents knowbedgel evidence and
assumptions that work to simplify the conceptualization of an inhabited Seoke for ¢laeeri The
evidence and assumptions presented include the other archaeological findings found at the site, what
dwellings looked like and how they were arranged, how the physical environment was utilized,
agricultural practices and the wealth of the Bangetsle. The conclusion spatially organizes all of the
knowledge gained in the body of the story map into a 3D scene. There are tabs along the top of the
page that makes navigating the different topics in the story map edsiguie24).

4.3.2 TheVariety of Media

The story map displays multiple forms of media to support the narrative. The layout of the story map
is made of two panels. Textual information is locatedthie narrower panel on the lefand is
substantiated by several images and maps in some sections. The wide panel on the right is the main
stage where most of the mapsnages and videos are locateflll maps and images are credited
through an information icon at the top left of the imagThe 3D visualizations are accessed through
buttons in the story map that open the visualizations in a new(igure24). Revious iterations of

the story map displayed the 3D visualizations in the main stage @sibead rather than having it open

in a new tab. Although having the visualization on the main stage was more convenient for the reader,
the load time became an issue. Opening the 3D visualization in a new tab allowed the scene to load
faster, lessening th&ustration for the reader. Furthermore, an additional 3D visualization of the site

is available in the form of a video about the Northern Cluster of Seoke.

— :one Walls The Remains of the Settlement Dwellings Dwelling Visualization Physical Environment Agriculture and Vegetation Cattle an —>
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Figure24. Excerpt from the Story Map
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4.3.3 Linksto the Archive

In cases where the images exist as objects in the archive (see Section 2.3), links are available that will
direct the user to its location in the archive. Similarthe buttons for the 3D visualization as
mentioned above, the archive can also be accessed through buttons located in the storfFiquap (

25). By clicking the button, viewers will be directed to a related object enatichive. Photographs,
spatial data and academic papers were uploaded to the archivefagnation ObjectsThe archive
provides information such as an object description, author and source with some objects being
downloadable Figure21).

The Remains of the
Settlement

4.4 Summary

The historical, archival and academic information available regarding Seoke and the Bangwaketse is
technical and niche. As the information is historidahay beespeciallydifficult for an individual who

is not knowledgeable about preolonial southern African histotp conceptualisghe information in
reference toexperiencea in their dailylives. The exploratory environment was presented as a story
mapwhere spatial datadriven storytelling in combination with various forms of engaging meaisa
utilizedin an effort to making the dissemination of information more natural (Berendsen et al., .2018)
Educational material about Seoke and the Bangwaketse was presented through the main narrative of
the story map in additiorto supplementaryand auxiliary contents such as archival links and 3D
visualizationsboth interactive and video

Story mapsave been found to be an ideal educational tool, effective for communicating geospatial
information (Berendsen et al., 2018), for the conceptualization and reinforcement of information

learned and for confidence in knowledge gained (Groshans et al. 284 %yr thismultimodal story

YIELI AY LI NIAOdzZ F NI FYyR GKS AYGiSYRSR | dZRASYyOSQa NB
discussed in Chapters 5 and As the intended users of the story map are a diverse group
demographically (university studes of different academic backgrounds, from different universities

Ay {2dziK ! TNRAOI YR .20aglylozr GKSNB FNBE FI N
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effectiveness, efficiency or user satisfaction as an educational fawthermore, as a multimaad
LINE RdzOG > GKS &adG2NEB YI L&A AYyO2NLIR2N}YGA2Y 2F H5
present unique conditions for its evaluatiofis such, it is important tdetermineif a story map can

be an ideal educational todh the context ofits idiosyncratic theme, presentation and intended
audience.

As to the content of the text and multimedia, and its objectivity, subjectivity and inclusivity, Warner
Smith (2020) highlighted the need to remove the voice of the researcher as the primaagonanf
story mapsRelatedly, the personal choices of thevelopershould beminimalwhile transforming a
story into spatietemporal units (Caquard & Dimittrovas, 201[gnce, the narrative informs readers
about the settlement while subjectively positimg the Bangwaketse as the main characters of the
narrative, using original place names and nouns where pos3Jitdenarrative was written in part by
academicexpertsregarding Seoke, the Bangwaketse and southern African st@atfled sites Annex

1 - namely Fred Morton, Stefania Merldmanda Esterhuyseand Justine Wintjies) and the phrasing
of the narrative was iteratively improved upon.

Howeverthe story map is a curation of historic, acadeand archival information currently available

for Seoke and the Bangwaketges a consequencthe level of detail irthe story mapand its content

such as maps, visualizations and videslimited especially as learners can easily become overloaded
when confronted with a lot of information at once (Jardodzka et al., 20T6)mitigate this, the
archival links and attributions in the story map provide a starting point for users who are seeking to
learn more, beyond the scope of the story maurthermore,access forprimary stakeholderss
limited as the story map and other texi.e., map labels, video voia®ser, etc.)are currently only
available in English. As tBangwaketse are a Setswaspeakingeople, and Seoke ishstoricalsite

of Botswana, providing Setswana as a language option for the story map will impracedtsibility
andinclusivity.
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Chapter 5: Usability Survey

This chapter discues the approach to determining the usability of the final story map product
through a user surveyJsability assessments are crucial for evaluating a developed product against its
intended functions. In this case, this chapter delves into the usability assessment of the story map,
which was developed to be an exploratory digital enminnt for learning about Seoke, a peelonial
southern African settlemeniThe requirements section Isthe various components of the story map

for which the usability will be assessed. The development of the usability survey questionnaire and
how it was distributedare outlined in the development section. The results section report the
findings of the questionnaire to determine the usability of the story map overall and as an educational
tool. Lastly, the discussion section elabosatn how effectvely and efficiently users learned in
addition to user satisfaction while learning.

5.1 Overview

The purpose of the usability survey is tiest and analyse the usability of the story map as an
exploratory digital environment for learning\s a digital plkiorm centred around the activity of
learning, the story map must be evaluated on its usefulness and usability in facilitating learning.
regard, the effectiveness, efficien@gnd user satisfaction of the story map will be assessed.
Information and knowledge retention is a major indicator of platform usability in educatiam
Nuland et al., 2017)and will be highlighted in the evaluation as well

5.1.1 Outline
The usability of the story map will be evaluactosshree distinctareas namely:

i) Calculate the System Usability Scale (SUS) séarstty, calculateverageSUS scores and
item-levelratingsto identify how well the platform performed baseth edablished metrics

and norms of system usability. At the item level, identify systewel qualities of usability
that performed especially well or especially poorly.

ii) Identify the level of information retention and learner confidenbixt, determine ha

well readers learned by testing information retention. Information retention and learner
O2yTARSYOS gAff 0SS SOIfdad G§SR o0& GdtévaludtedIi A OA LI
confidence scores for their answers.

iii) Identify perceptions of value and knowledge gainddastly identify if participants'
attitudes towards the value of the story maps and knowledge gained. Additionally, determine
whether any perceptions about the topics covered in theng map were presenand if the

story map changes those perceptions.
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5.2 Development

5.2.1 Procedure

A questionnaire(Annex B) was generated using Qualtrics XM, which is avaked surveying tool.
The questionnaire is split into 5 sections, namely demographics, usability, 3D visualization, value and
perception(Table8).

Table8: Summary of the Usability Questionnaire

. Number of .
Section Oz e QuestionType Intended Outcome

Multiple-choice & DI G KSNJ LI onpérsdralldetailsiabitifornyation

Demographics 17 text regardingprior academic and systeexperiences.

5-point rating(SUS

Usability 10 . . DFGKSNJ FSSRol O] T 2-Nlelugabilitya i
guestionnaire)
3D 12 Multiple choice, 9@k f dz S LI NInfodatibdl rgfeintibrand S &
Visualization percentage rating confidencein submitted answers
Value 5 5-point Likert scale DI u K S N.‘] LI NII'A OA LI ydaQ FSSRO
3D visualization and the story map.
Perception 9 Multiple-choice &5- Evaluatehow participantsperceivethe 3D visualizatiomre-

point Likert scale colonial Africa and what was learned from the story map.

First, the demographics secti@onsisted of 17 multiple choice and text questiamgnded to collect
non-personal data about participants. Basic questions about age, gender, institution and academic
course were asked. Besides this, participants were asked about their comfortabihitfEmglish and
with using a computer, the amount of sleep they had the night before, if they are eblmar and if
they wear prescription lenses or contacts. Questions were also asked about their academic history
and general prior experiences, such athéy have experiencevith story maps, 3D models or with
Google Earth. Participants were also asked about their interest level in the topdaitbfernAfrican
pre-colonial history and their prior knowledge abosbuthern African precolonial settlements.
Scondly, the usability sectiooonsisted ofa standard five-point scale,10-item SUSBrooke, 1996)
that was linguistically adjusted to hawgtory magas the subject of the questionhirdly, the 3D
visualization sectiorconsisted of 12 questions in total thag¢sted the participants' information
retention through a short testAtest of sixmultiple-choicequestionspresented various excerpts from
the 3D visualization and asked participants to either identify the objecte locate where an object
should be placed in the scene. For each question, the participant was aslesdF¢évaluate how
confident they were with the answer they provideding percentage ratingslext, the value section
consisted of five questionfiat asked participants to rate the value of the 3D visualization and story
map using dive-point Likert scaleLastly, the perception sectiotonsisted ofeight multiple-choice

and fivepoint scalequestions thatasked participants about their opinions dfie 3D visualization and
models. This section also asks participants about their perception efqomialsouthernAfrica and

if they feel that they learned by reading the story m&articipants were also permitted tonite a
comment at the end of the questionnaire if they wished to share any additional information.
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5.2.2 Distribution

The questionnaire, accompanied by the story map, was distributed to students at the University of
Witwatersrand, University of Pretoria and the University of Botswana via eRailthe University of
Pretoria, the recruitment email was distributedvith ethics clearance (Annex3). using the
W5SLI NIYSYyd 2F DS23INI LIKEI DS mailirgriBtNSVhilarlk athel y R
University of Witwatersrand, the recruitment email was distributeith, ethics clearance (Annexjl
usingtheWC I Odzf (i & 2aRdWICdz0ldal Ai & n&EgligtsCFor3hg Orfversity of Botswana,
participants were realited with the help of Keletso Setlhabivho is a collaborator for the
Metsemegologolgroject (Sectiorl.l; Annex ). The target participants of the usability survey were
university students who are napecialiss or are notthoroughlyknowledgeable about preolonial
southern African historyAs Seoke became the subject of study in 2012 (SectihAs& 2.1.3),
universitylevel students will not bé&amiliar with the site in particular

In the recruitment email, students were informed of the purpose of the study and how to participate.
Participants were instructed to go through the stanap (the stimulus)in its entirety and to then
answer the questionnaire. A participant consent form was attached to the beginning of the
guestionnaire and students had to confirm their consent before starting the questionnaire. The
consent form reiteratedthat participation is completely voluntary, that responses will remain
anonymous and that they may opt to stop participating at any time.

5.2.3 Participants

A total of 111 students participated in the usability survey. Of the participants, 32% were male and
63%were female. The remaining 5% preferred not to say, preferresetbdescribeor identified as
non-binary. The average age of all of the participants was 23 y&hesage values did have a large
range of 34assome postgraduate studengsarticipated(Table9).

Table9. The Gender and Ages of the Participamisthe Usability Survey

University of University of University of
) . Overall

Botswana Pretoria Witwatersrand
Female 5 16 49 70
Gender| Male 6 7 22 35
Other 2 1 3 6
Mean 23,5 20,8 23,0 23
Min 18 17 18 17

Age
Max 38 35 51 51
Std.Dev 6,27 3,61 7,18 6,50

a S
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Almost half of the participants were firsear students Figure26). The rest of the participants were
mainly Masters, fourthyear/Honours or thirdyear students. Lastly, a few participants were seeond
year or PhD students. Of the participants, 67% were students at the University of Witwatersrand, 21%
at the University 6Pretoria and 12% at the University of Botswana.

30
25
20
15
10

Count

63

Participants' Academic Year by Institution= 111)

m1styear m2nd year m3rdyear ©4thyear/Honours mMasters mPhD
19

27
14
11
9
6 7 6
1 1 41 1 1 3 |I

University of Botswana (n = 13)  University of Pretoria (n = 24) University of Witwatersrand (n = 74)

Institution

Figure26.t NI AOA LI yiaQ / dNNByd ! OFRSYAO

Participants were registered for various courses at their respective universigés.ol participants
were enrolled in courses tharovide some exposure to story mapping, 3D visualizatiqure-colonial
southern African history(Figure27). Such courses include Archaeology, Geography, Environmental
Science, Geoinformatics and Meteorology. The remaini¥g 8f participants were enrolled in other
courseqFigure28). These various courses are visualizegigure29.

Enrolment in Related Coursés= 20)
Count

0 1 2 3 4 5
BA Archaeology s 1
BA Geography HEEE———
BEd geography, environmental sciencenmmmmm 1
BSc Archaeology s 1
BSc Environmental Scienca.

BSc Geography s 1

Course

BSc Geoinformatics I 3
BSc Meteorology mmmmmmmmm 1
Ms Archaeology I ?
MSc Geography and Archaeologymmm 1
MSc Geoinformatics I £

MSc Meteorology nmmmmm— 1

Figure27. Participants Enrolled in Coursegth Some Relation to the Story Map

.



Page |62

Other Degree Courségs = 91)

Count
0 5 10 15 20 25 30 35

BA I 33
BBA mmm 2

BED mEmmSSSS 12
BENG mmmm 2

BSC m 20

LLB mm 1

Degree

MA . 3
MSC mmmmm 3
PHD mmmmmm 4
Unspecified m— 11

Figure28. Participants Enrolled in Other Courses

actuarial anthropology applied At audiology
bachelor biological
computer ed education
english fine ge nera l geology
history honours intermediate law
mathematics
mechanical phase s psych
psychology SCIENCEe .. <ol
zoology

Figure29.+ A adzl t AT I GA2Yy 27F inOtIChubsaslal Uyiidesiy wS3I A &G SNE

In this regard, participants werasked if they had takesome modules that cover the themes or
subjects presented in the story maphe highlighted modules include those related3eoke and the
Bangwaketse (archaeologgouthern African preolonial historyand urban geographyor the
physicality of the site (physical geography, and GIS or remote senapgpximately 65%f the
participants responded that they had ntatken anyof the abovementionedmodules(Figure30). Of

the remaining 39 participants who have completed a related module, physical geography received the
most responses with 23. Urban geography and GIS or remote sensing both received 18, southern
African precolonial history received 15 and Archaeologyeieed the least, with seven responses.
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Modules Taken In University
80
70
60
50
40
30 23
20 18 18 15
-1 nm .
. 1
Physical  Urban GeographyGIS or Remote Southern African Archaeology  None of the

Geography Sensing Pre-colonial above
History

72

Count

Modules

Figure30. Modules Completed by Participants at University

Similarly, when asked directly about their prior knowledge about-qmienial southern African
settlements, the majority reported that they hadoderateknowledge or less, which encompassed
86% of participants. Of the remaining participants, 11% reported they knewa lot and only 4%
reported that they knewa great dealFigure31).

Prior Knowledge About Pielonial Southern African Settlemerits=
111)
50
40 38
35
*g‘ 30
8 25
20 14
15 12
5
0 I
None at all A little A moderate amount A lot A great deal
Knowledge Level

Figure31. PriorKnowledgeAbout in Pre-colonial Southern African Settlements

In Sectiond..1, 4.1.1and4.4, the intendeduserof the story mapwas introduced and discussethe
intended user of the story map and the target agnite for the usability studgre individualsvho

are not specialist or are not knowledgeable about preolonial southern African historgr Seoke
specifically Regarding expertiser academic exposure t8eoke specificalljhaving knowledge of
pre-colonial southern African history would give context to understanding information about Seoke.
However,as part of archaeological research in southeast Botswana that started in 2012, Seoke and
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other related sites have been recordeelatively recentlyand information about these sites is not
widely known(Morton & Merlo, 2015; Biagetti et al., 2021).

Several participants seféported some level of experience withiseveral contexts. Of the
participants who had reported that they Hacompleted a module regarding po®lonial southern
African settlementsKigure30), the largest proportion were firstear students at 33%. Because of
the time of year in which the survey was conducted, it can be assumed that these participants either
completed a short course on the theme or are currently enrolled in the module. Besides this, 27%
were thirdyear students, 13% were fourth/honours studenf0% were masters students and 7%
were PhD students. Although these participants reported that they had completed a module-on pre
colonial southern African history, none of the participants-sgHiluated themselves as haviag

great dealof knowledge orpre-colonial southern African settlements, which was the highest self
rating option provided Amongthose who reported that they had completed a module on -pre
colonial southern African history, 47% reported their knowledgmaderateand 33% aa lot. 20%

rated their knowledge aa little (Figure31).

As most of the participants had not completed any modules covering archaeology or soiftieam
pre-colonial history, most of the participants did not have much prior knowledge aboutqlomial
southern African settlementd={gure31). Hovever, the interest level in the topic was not limited by
the lack of prior knowledge, as over 90% of participants showed some level of interest in the topic
(Figure32).

Interest Level in Preolonial Southern African Histogy= 111)
35 33
30 27
25 22
20
€ 20
S
o
O 15
10 9
5 .
0
No interest ~ Short-term interest Casual interest Somewhat Very interested
(durung the survey) interested
Interest Level

Figure32: Interest Level in Pre&olonial Southern African history

Relatedly, participants were asked about their practical experience levels with story maps, 3D models
and Google Earth. Google Earth was used as a benchmark for experience with interactive web maps
and aerial imagery, considering that Google Earth is alfaoand commonly used application in this
regard. Approximately 85% of participants had no prior practical experience using or creating a story
map before. For using or creating 3D models, approximately 71% had no prior practical experience.
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The participats had the most experience with Google Earth, with only 34% having no prior practical
experience using the prograr&igure33).

Experience Level with Story Maps, 3D Models and Google @arttil)
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Participants were also asked about their comfortability with the mediums used to conduct the
usability survey, namely English and computers. This was important to establish due to the diversity
of the participants as implied ke fact that they were rearited from three different universities in

two countries and are enrolled in a variety of courséen rating their comfort level with English

and with using a computer, 80% and 77% respectively, rated their comfort level as very comfortable
or comfortabk (Figure34).

Participant's Comfort Levels with English and with Using a Computer
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5.3 Results and Evaluation

5.3.1 System Usability Scale (SUS) Scores

5.3.1.1 Overall SUS score

The System Usability Scale (SUS) is a usability assessment tool developed bylB86pKERE SUS
guestionnaire prompted participants to answer 10 usability questions about the story map in
alternating positive and negative tofie [ dzZSa G A2y as> NBFTSNNBROA R ¥ @a OANIS
regard were used to calculate thererageSUS score. An overall SUS score was calculated for each
participant. The equatiofBrooke 1996 uses the sum of the gitively toned items (items 1, 3, 5, 7,

and 9) and the sum of the negatively toned items (items 2, 4, 6, 8, and 10). The sum of the negatively
toned items is subtracted from the sum of the positively toned items. 20 is then added to this value,
whichistlSy Ydzt GALX ASR o0& HWdp G2 | Re2dzad AG G2 F @It dzf
overall scores were then averaged to calculate the average SUS score for the stolhmaperage

SUS score was calculated to be Barough evaluation agashestablished norms score of 65 places

the usability of the story map in the 489 percentile, awarding it a grade of&&cording to th&auro

et al. curved grading scale for SUS scores (2Qd)g the Bangor eal. adjective rating scale (208

an averageSUS score of 65 can be describedtad 2. MBsDof the SUS scores calculated for the
participants ranged between the 4080 range Figure35). Approximately 42% of the paripants

scored the story map with a SUS score of above 68, which is the 50th percentile. Furthermore, 24% of

the participants scored the story map with a SUS score of over 80, which is an Aitpexdistribution

of SUS scores according to tBauroet al.curved grading scale (2016) can be sedrigure36.

Distribution of Participants' Calculated SUS Scores
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Figure35. Distribution of SUS Scores
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Distribution of SUS Scores Using the Sauro et al. (2016) Curved Grading
Scale
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Figure36. Distribution of SUS Scores Based on the Saetral. (2016)Curved Grading Scale

5.3.1.2 Average Iltem Scores

hy A& 26ys GKS OFtOdAf (SR 298Nttt {!{ &02NB 27

a system. Alone, there is no insight given into items (questions) of interest that may have performed
particdarly poorly or particularly well and thus contributed to the overall calculated sdaregain
FAdzZNI KSNJ AYyaAakKad Ayid2 GKS OFfOdZ FGSR 20SNY € ({
the item level. Using the average item score for eactheflO questions in the SUS questionnaire, an
average SUS score that correlateshie item averages werealculated using simple linear regression
equations(Lewis & Sauro, 2018)

In simpler terms, the average score that participants gave to each SUtqueas used taealculate

the overall SUS value that matches it. As such, it can be seen if an item average score is$h of a
score that can be described ExcellentGood OK Pooror WorstImaginable(Bangor et al., 2008),
highlighting specific items to take note dfhe results cannot reveal the exact reasons as to why
participants scored the items in this manner. However, inferences can be made based siorthe

Y | L3@siem qualities or known cHahges faced in the iterative development of the final product.
Mostly, the average SUS scores and the item level averages can be used as indicators of where
improvements should be mad&or interpretation, the average item scores were compared to the
bendhmarksof anaverageC gradeSUScore 68) and a A grade SUS sco&9], based on the curved
grading scale by Sauet al. (2016)

As seen inTable 10, at the item level, it was found that four items performed better than the
benchmark for a SUS score target of 68. These i{@mmke, 1996are:

i) Item 1: | think that | would like to use this story nfegquently.

i) Item 2: | found the story map nacessarilcomplex

iii) Item 3: | thought the story map wassy to use

iv) Item 5: | found the various functions in this story map weed integrated

{



One item matched the upper limit for a target SUS score of 68.
v) Item 7: | would imagine that mopeople wouldearnto use the story map verguickly.
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Five items performed worse than the benchmark for a target SUS of 68. These items include:
vi) Item 4: | think that | would need theupportof atechnicalperson to be able to use the

story map.

vii) Item 6: | thought there was too mughconsistencyn the story map.

viii) Item 8: | found the story map vecymbersomeo use

ix) Item 9: | felt vergonfidentusing the story map

x) Item 10: | needed tkearna lot of thingsbeforel could get going wh the story map.

Tablel0. Item Average Scores and SUS Score Calculated from Item Average

Item Description Item Average | CalculatedSUS Score| Curved Grading Scale Adjective Rating Scale
Score Qorresponding to the (Sauroet al., 2019 (Bangor efal., 2009
(Lewis & Sauro, Item Average
2018 (Lewis & Sauro2018)
1. Frequency of use 3.56 73.0 B- Excellent
2 Unnecessary 2.29 71.2 C+ Good
complexity
3. Ease of use 3.78 70.3 C Good
4. Technical support 2.53 43.8 F OK
5. Integration 3.78 74.8 B Excellent
6. Inconsistency 231 64.9 G Good
7. Learnability 3.74 68.7 C Good
8. Cumbersomeness 2.43 64.2 G Good
9. Confidence 3.66 66.7 C Good
10. Prior knowl
0. Prior knowledge 277 498 E OK
needed

Note: Re = worse than target SU 68 (50" percentile) Green= better than or equal to target SUS of 68

As an educational tool, conciseness, ease of use and simplicity are crucial characteristics of a platform
to facilitate learning (Van Nuland et al., 2017; Jardodzka et al., 2017). A platform with these

characteristics presents information in a manner thatkes the search for information clear,
especially foiindividuals exposed to unfamiliar educational conteintthis case those who are not
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knowledgeable about preolonial southern African history. The item level scores show that the story
map performel above average in terms of frequency of use (Item 1), complexity (Item 2), ease of use
(Item 3), integration (Item 5) and learnability (Item 7). Ease of use, learnability and appropriate
complexity are characteristics that mitigate some of the negatiwdirigs a student may experience
while learning such as confusion, anxiety or frustration. These feelings can overshadow any learning
done, by overwhelming the available working memory capacity of a learner. As the complexity, ease
of use and learnabilityfahe story map were all rated as good, it can be said that the abosstioned
negative feelings participants may have felt were limited.

Participantsscored item lexcellently according to the Bangor et al. (2008) adjective rating scale
which focused on how frequently the participant would like to use the story igmost participants

had no prior experience withstory maps(Figure33) or the topic of the story map, the result was
interesting and encouraging. As most of the participants gain no benefits academically from learning
about Seoke and the Bangwaketse, the expression that they would use the story map frequently must
have another reasn. Perhaps the participants saw the value of the story map asusce of
educational materialor found that they enjoyed how the educational material was laid out.
Alternatively, participants may have gained interest in the topicsaifthern African precolonial
history through evaluating the story map and would like to learn more in their own time.

As the aim of the study was to create an exploratory environment for learning, the story map was
developed to present information in various engaging antgkiting ways. The story map contained
textual, visual and archival information. As a consequence, it was imperative to consolidate all of the
different components of the story map into one coherent product. Item 5 for integratenformed
excellentlyacording to the Bangor edl. (2008) adjective rating scalscoingthe highest of all of the
items, with a B gradé_ewis & Sauro, 2016)

The items that performed below average describe characteristics sutgthsical support needed
(Item 4), inconsistecy (Item 6),cumbersomenesgitem 8) user confidence (Item 9and prior
knowledge needed (Iltem 10Respite the belowaverage ratings, consistency, cumbersomeness and
user confidence had good performance and correlated to tlaerageSUS score of the story map.
Iltems 4 and 10 performed the worst of all of the items, scoring an F grade according to the curved
grading scaléSauroet al., 2016) This may be a symptom of the niche naturele# subject covered

by the storymap. As items 4 and 10 rate thhequired technical support angrior knowledge needed

to navigatethe story mapit can be inferred that the story map is not as catered geaeralaudience

as it could be.

5.3.1.3 Overall SUS Sces for Participant Groups

As previously mentioned, theverageSUS score and the item level rating averages cannot definitively
determine the underlying reasons behind the participabdtd G Ay 3a 2F (GKS &adG2NE Y LI
individual SUS scores were calculatedZégroupswithin the participantpopulationto indicate the
demographics for which the story map is better caterdthe calculatedaverageSUS scoresn

descending aler, for the groupswithin the participantscan be seenni Table11l. Of the groups

participants who weregostgraduate studentsenrolled in a related coursdiad sufficient sleep the

night before are comfortable with English and computetead more thara casual interest in pre
colonialsouthernAfrican historyand had practical experience with story maps, 3D models and Google
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Earth scored the usability of the story map higher than 65, theerageSUS score for the entire
population. As a note, ajuestion regarding practical experience with Google Earth was asked as a
0SYOKYEFEN] 2F GKS LI NIAOALNI yiaQ SELISNAéyidathg 6 A G K A
that Google Earth is a popular and commonly used application in this refamthemore,

participants who had practical experience with story mapd those enrolled in a related counsded

the usability of the story map the highest, with a score 4f0/and 72.0 respectivel\Regardlessf

country of university attendancecompletion of modules related to the story mapr level of

knowledge of precolonialsouthern African settlementsthe average SUS score was similar to the
population average.

Comparatively, participants who were undergraduate studefitst-year students.enrolledin an
unrelated course, had insufficient sleep the night before, are not comfortable with English and
computers, had a lack of interest in ptelonial southern African history and had no practical
experience with story maps, 3D models and Google Eartiied the usability of the story map lower
than the overall population SUS scorehe SUS score for the first year groups was calculated
separately as firsyear students made up a large proportion of participants. Also, at the time that the
survey wagonducted, firstyear students would have been in their fhester semester at university,
meaning that they would not yet have completed any university modules. However, the SUS score for
the first year group was not quite different than that of the ungexduate group, with scores of 61.7
and 62.1 respectivel\Rarticipants who had no practical experience with Google Earth and who are
not comfortable with English or with using a computer, scored the usability of the story map the
lowest, with an averagel$s score of 57.8, 52.7 and 57.9, respectively.



Tablell. CalculatedAverageSUS Scores for Vario@oupsof Studentsin Descendingdrder
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Overall SUS Scor

Group Description (n) (Brooke, 1996 )
Practicalkexperience with story maps Have created or used (read or studies) a story map before 17 74.0
Enrolment inarelated academic course Enrolled in a geography, GIS, remote sensing, archaeology, histenyironmental science course 19 72.0
Postgraduate Students Fourthryear*, honours, masters and PhD students. 38 71.8
Practical experience with 3D models Have used or created 3D models in the past 32 70.2
Practical experience with Google Earth Have used Google Earth in the past 73 69.5
Comfort with English Comfortable or very comfortable with English 90 68.5
Interest in precolonial southern African history More than a casual interest in plonial southern African history 82 67.7
Sufficient Sleep Five hours or more of sleep 71 67.5
Comfort with computers Comfortable or very comfortable with computers 90 67.3
No completion ofarelated module Have not completed a module at university covering subjects related to the¥tbry.J0a 02 y (i| 72 65.6
Minimal level of knowledge of the general topic of the story n] Little to no prior knowledge of preolonial southern African settlements 52 65.6
Attending a South African university University of Pretoria and University Wfitwatersrand students 98 65.5
Some level of knowledge of the general topic of the story maj Moderate to a great deal of knowledge of peelonial southern African Settlements 59 65.4
Attending a Botswaauniversity University of Botswan&tudents 13 65.4
Completion ofarelated module | 2YLX SGA2Yy 2F | Y2RdzZ S |G dzyAdSNERAGE O2@SNA| 39 65.4
Enrolment inanunrelated academic course Not enrolled in a geography, GIS, remote sensing, archaeology, history or environmental science| 92 64.2
No practical experience with story maps Have no experience or have only heard about story maps 94 64.0
No practical experience with 3Dodels Have no experience or have only heard about 3D models 79 63.4
Undergraduate Students First, second and third years 73 62.1
FirstYear Students Firstyear students, who at the time, would have been in théireter semester of university 52 61.7
Insufficient Sleep Five hours or less of sleep the previous night 40 61.9
Lack of interest in preolonial southern African history No interest in precolonial southern African history or interest limited to tHeration of the survey 29 59.3
Discomfort with computers Neutral, uncomfortable or very uncomfortable with computers 21 57.9
No practical experience with Google Earth Have no experience or have only heard about Google Earth 38 57.8
Discomfort withEnglish Neutral, uncomfortable or very uncomfortable with English 21 52.7

Note: Green = better than population average SUS of 65; Yellow = sintiilargopulation average SUS of 65; Red = worse than the population average SUS of 65
*Larger research projects are often part of the fourth year of studies. As such -jeantistudents were grouped in this category
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For the threegroups tha scored the lowest average SUS score, the corresponding SUS score calculated
from the item level rating averages were evaluated. The focus for this was the average item level
rating for technical support and prior knowledge needed, which was identifieth@spoorest
performing items for the population averag@&dblel0). As seen ifTablel2, technical support and

prior knowledge needed performed very poorly, particularly for participants who are not comfortable
with English. The item rating averages correspond to a SUS scdr8afrid 28.0 respectively, which,
according to the Bangor et al. Adjective Rating scale, can be interpreted as scores that'dée théB

L Y 3 A gnd@tt Sedpdtively. Similar interpretations can be made for participants who are not
comfortable wih using a computer and who have no practical experience with Google Earth.

Tablel2: Item Level Usability Evaluation of Technical Support and Prior Knowldédgeded for
ParticipantGroupswith the Lowest Average SUS Scores

. . . . . No practical experience
Discomfort with English Discomfort with computers p s
(n =21) (n=21) with Google Earth
(n=38)
Calculated Calculated Calculated
SUS Score SUS Score SUS Sce
Item Average . Item Average . Item Average .
Corresponding| Corresponding| Corresponding|
Item Score Score Score
_ . to the Item . to the Item . to the Item
Description (Lewis & RS (Lewis & AVEEES (Lewis & e
S , 2018 . S , 2018 . S , 2018 .
auro ) (Lewis & auro ) (Lewis & auro ) (Lewis &
Sauro, 2018) Sauro, 2018) Sauro, 2018)
4. Technical
echnica 3.48 10.3 3.19 20.4 3.13 225
support
10. Prior
knowledge 3.57 28.0 3.19 38.3 3.18 38.5
needed

5.3.2 Information Retention and Confidence

A critical indicator of the usability of aducational platform is whether learners learned while using

it (Van Nuland et al., 2017)To evaluate this, a short test of 6 questions was included in the
guestionnaire to determine if participants learnelth addition to completing the tesparticipants

were also asked to evaluate their confidence in the answers provided. The questions were based on
the 3D visualizations and focused on the physicality and the spatial orientation of Seoke. Participants
were asked to identify objects in the 3D visualizator to identify where an object should be placed

in a scene. Four of the questions (questions 1, 2, 3 and 6) were based on models or scenes that
participants would have seen in the story map. Two of the questions (questions 4 and 5) required
critical thinking and the application of information available in the story map.

As seen inTable13, participantsperformed very well in the test, with the averaggroportion of
participants withcorrect answers beingZi86% [Kurtosis = 0.8; Skewedness 8.51] The average
confidence percentage was calculated to be 69.]8Utosis = 0.63; Skewedness = 0.81jere is a
strong positive correlation betweethe proportion of participantswho answeed the questions
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correctlyandaverageconfidence, with @earsorcorrelation coefficient value of 0.and a Spearman
correlation coefficient of 0.75The goodness of fit for the regression model is moderate witFa
value of 0.5.

Tablel3. Percentage of Correct Answers and the Average Confidence Level of Participants

Standard
The poportion of Average Deviation | Variance for
Question Participants with Confide?ﬁce for Percentage
Correct Answers Percentage | Confidence
Confidence
1. Wwh f
here was waste/refuse 86.49% 66.35% 31.45 989
disposed?
2. What ed to store prod
o g"’:a;’xis 1sed o Store producy 73.87% 72.68% 30.81 949.12
3. I_dentn‘y the dwellln.g that is mos 67.57% 63.31% 30.31 918.92
like what you saw in the model.
4. Which of thefollowing word
' . W gw r_ S . | Stone Walls 69.37%
best describe the objects in this ) 0
image? Dwelling- 72.07% 70.32% 26.91 724.59
' Cattle Kraat 78.38% ' ' '
Grain Bin 58.56 %
* (choose one or more)
5. Inthis image, where could a
dwelling have b located?
welling have been locate 49.55% 62.28% 28.34 803.10
*(choose one or more)
6. In this image, where would
livestock (cattle, goats or sheep 90.09% 80.04% 26.17 685.10
be kept?
Average 72.86% 69.16%
Kurtosis 0.80 0.63
Skewness -0.51 0.81

Regarding confidence in the answers providine, largest proportiorof the participants rated their
confidence in the 80%100% bracketKigure37) for each ofthe questions. However, the variance in
the confidence pecentage data set is quite large. Considering the bedoarage item level SUS score
for confidence (item 9) in using the story mapable10), participants for the most part did not lack
confidence in their answers fdhe test. Even in cases where approximately half of the participants
got the answer wrong (question 5), participants were still relatively confident.
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Participants’ Confidence (%) with the Answer to Question 1 Participants' Confidence (%) with the Answer to Question 2
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As a further evaluation, thepoint biserial correlation coefficient was calculated to determine the
correlation between the selfated confidence scores of participants who answered questions
correctly versus thoseof those who answered ioorrectly Equation 2). A biserial correlation
O2SFFAOASY(H A& | &ALISOATFTAO OFLasS 2F | tSRM&H2yQa O
dza SR (2 RSUSN¥YAYS (GKS NBfFUA2YAKALI 0SG&&Rly 2yS
confidence percentage) and one binary variable (whether the participant answered correctly or
incorrectly).

Equation2. Point Biserial Correlation Coefficient (Glen, 2016)

L
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Where:

M1 = Mean of positive binary variable 1

Mo = Mean of negative binary variable 0

S = Standard deviation of the entire test

p = Proportion of cases in thev@riable group
g = Proportion of cases in thevhriable group

The sample for participants who answered correctiswselected for participants who scored 100%

for aquestion. In this regard, for question 4 where there wkrer possible answers, participants who

got all 4 answers correct were selected for the sample. The point biserial correlation coefficient values
can be seen inmable 14. The values fall between 0.25 and 0.36, which shows a weak positive
relationship betweerl00%answer accuracy and confidence.

Table14. Correlation Between Participad Q ! y & ¢ SNJ | Otatdd\Cordidencé y R { St ¥F

Percentage
100% Accurate Not 100% Accurate
Sample Sample Point
Sample Average Variagce Sl MRS Variagce Biserial
Question| =. P rag Size (n) | Confidence Correlation
Size (n) | Confidence for for -
) ) Coefficient
Confidence Confidence
1 96 69.81 895.27 15 40.00 1158.46 0.28
2 82 77.26 840.71 29 59.52 1089.76 0.25
3 75 70.35 762.33 36 48.83 983.63 0.33
4 42 79.60 533.56 67 64.67 775.52 0.27
5 55 70.45 758.58 56 54.25 729.75 0.29
6 100 83.19 545.45 11 51.36 1200.85 0.36

As discussed above, regardless of the bedmarage performance of the SUS item level score for
confidence (item 9), participants did not lack confidence in their answers for the test. The correlation
between the selrated confidence scores of participanivho answered questions 100% correctly and
thosewho did not, is positive, butminimal. However, the variance for setited confidence between

those who answered the questions 100% correctly is in all cases smaller than for those who did not
answer100% correctly. Similarly, average gelfed confidence for participants who got the answers
100% correct is higher in all cases than for those who did not get the answers 100% correct.

Besides the results of the short test as an indicator of if paditip learned, participants were also
asked to report if theyelt that they hadearned(Figure38). Participants were asked if the experience

of readingthrough and interacting with the story map was enlightening, as the phrase conveys a
meaning of knowledge and understanding gained. About 98% of participants reported that the
experience was enlightening to some degree. About 65% of respondents repdrétdthey
experienced a lot or a great deal of enlightenment.
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Participant Enlightenment from Reading the Story Map
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5.3.3 Value and Perception

Thepedagogicabalue of the story map and 3D visualizatioraagigital exploratory environmentas

evaluated by the participants. The questions answered were influenced by the problem statement,
aims and objectives of the study, which were to create an exploratory amwient for learning,
O2y&aARSNAY3A GKS tAYAGlIGA2yA Ay {S21SQa | 0O0S&aaioc
the 3D visualization and two were asked about the story map. Overall, participants responded
positively Figure39).

(@]
>

Participants mostly agreed or strongly agreed that the 3D models were a complement that helped in
the understanding of the textual information. Similarly, participants mostly agreed or strongly agreed
that the 3D visualization helpethem to imagine Seoke. As access to the site is limiteddoeral
reasong(Sectionl.2), it wasvaluablell 2 LIN2 GARS f SIFNYSNAR gAGK az2ys
such, this response was quite good. Again, participants agreed or strongly agreed that the 3D
visualization mae learning about Seoke more engaging. However, this was not by as great of a margin
as the prior two statements, as several participants were neutral.

QX
(V)

Approximately half of the participants strongly agreed that the story map was an innovative way to
learn about Seoke. Lastly, most participants agreed or strongly agreed that virtual field trips for
cultural heritage sites such as Seoke are valu#deadiscussed in SectidiB, participants excellently
ratedthe SUS item regarding how frequently theguld like to use the story map. This was assumed
to be as a result athe participants discovering the value of the story map as an educatioabbr

new interest in precolonialsouthernAfrican history, as the participants gained no academic benefits
from learning about Seoke and the Bangwaketse. Consequently, thenssgo the statement
regarding the vale ofvirtual field trips for cultural heritage sites such as Sewledkesthe inference

of the reasoning for the response to the SUS item even more likely.
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Response Averages for the Pedagogical Value of the Story Map and 3D
Visualization

Virtual field trips for Cultural Heritage sites such as Sen___|

are vaulable.

| think this is an innovative way to learn about SeokEl 7 -

The 3D model made learning about Seoke more engagiigi -

The 3D model helped me to image what it was like to __4

in a pre-colonial southern African settlement.

The 3D model helped me understand the text from t“

story map better.

1 2 3 4 5

m [1] Strongly disagree; [2] Disagree; [3] Neutral; [4] Agree; [5] Strongly Agree

Figure39. Pedagogical/alue of theStory Map and 3D Visualization

The 3D models and scenes, designed for functional realism (see Se&cfioh8.1.2& 3.2.3, were

built clean and geometrically due to the nature of the software. CityEngine is primarilsedate
modelling modern, urban cityscapes. Consequently, there was a concern that the models would
appear too inorganic or unrealistic and take away from the immersiveness of the 3D visualization.
Participants were asked to evaluate the 3D visualizatigrsabecting one or more characteristics that
describe what made the 3D visualization or scene attrackigufe40). Graphics and realism received

the highest number of responses, with interactiveness and ease ajatavi performing similarly.

Attractiveness of the 3D Visualization
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Figure40. Qualities that Made the 3D Visualization Attractive to Participants

To understand how the 3D models were perceived, participants were also asked how organic or
realistic they viewed the 3D models to Hedure41). Most participants responded quite favourgbl
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The highest number of responses selecédldt andmoderateas a descriptor for the organicness and
realism of the models. With theombination of the responses regarding the attractiveness of the 3D
visualization(Figure40) and LJ- NI A OA LJ y (i & Q (FlgiBeMI), StLddnAb2 ¥aid thatfhe A ( =
geometricappeaance of the 3D models did ndetract from its attractivenesand that the models
appeared more realistic to the participants than expected.

Organicness and Realism of 3D Models

60
50
40
= 30
3
) 20
s LW 1
0 L
-10 A Trod
Not at all A little moderate Alot A great deal
amount
m How organic/realistic does the 5 11 38 48 9
model look to you?

Level of Organicness and Realism
Figure4lt  NOAOA LI yiaQ t SNOSLIIA2ya 2F GKS hNEI yAO)

Lastly, participants were asked questions about their perception of Seoke armblordal southern
Africa. As this study was conducted with students from southern African universities, it was likely that
some of the participants may have personal experemwith settlements similar to Seoke, likely in
part due to their background or heritage. As seeRigure42, about 91% of participants reported that
Seoke resembled a settlement that they have visited or lived in, to some degree. However, participants
mostly reported that there was little to moderate resemblance.

Response Averages for Participants' Percpetions of Seoke and Pre
colonial Southern Africa

Would you agree with the statement that a settlement

like Seoke could be considered a pre-colonial South¢iEEE = —

African city?
Did this experience change any prior perceptions abo“_|
pre-colonial Southern Africa?
Do you feel like you learned something about Southen__|
African pre-colonial settlements?
Does the 3D model resemble a settlement you ha“_|
visited or lived in?

0 1 2 3 4 5

m [1] Not at all; [2] A little; [3] A moderate amount; [4] A lot; [5] A great deal

Figure42. Particip: Y (P€cptions of Seoke and Pseplonial SouthernAfrica
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As most of the participants reported that they had some experience with settlements similar to Seoke,
it can be assumed that the participants have perceptions about similar settlements. Condgguen
participants were asked if the story map changed their perceptions aboutgomial southern Africa.

83% of participants reported that the story map changed their perception otplenial southern

Africa in some way, with most reporting that theveas little to moderate change in perception.
Participants were also asked about their views on considering Seoke asealgmil southern African
WityQd a4 GKS YIFIAYadNBlIY YSIadz2NBa 27F @@E@dn3lyay I NB
settlements like Seoke are often dismissed as not urban. The story map actively presented Seoke to
the reader based on the indicators of urbanism in African settlements. 97% of particagmetd to

some extent that Seoke can be consideretityQ with most of the responses agreeing with the
statement a moderate amount or a lot.

5.4 Discussion

Overall, the usability survegnalysed the usability of the story map as an exploratory digital
environment for learningoy evaluating the various components that contribute to the effectiveness,
efficiency and satisfaction of the platform. As a standard approach, the usability of the story map was
evaluated using the System Usability Scale (SUS). The&idBped by Brooke, &usability testing
G222t F2N) AYRdZAGNAIf adaeadSvyao ¢KS {!{ o6la RSairxdy
about the usability of a system, keeping effectiveness, efficiency and satisfaction in mind. (Brooke,
2013). Fom the responses of all of the participants, the story map performed just below average
according to theSauroet al. (2016)curved grading scalsyith a score of 65, which translates to a C
grade. Alteratively, by using the Bangor at adjective rating scale (2008), the usability of the story
map can be described af D 2.20Re®all, the story map as a platform did not have exceptional
performance, howeveliit did not fail either. Th@verageSUS scorshowed that the story map would
benefit from improvements at thaystemlevel. As this research was a case study for a project with
plans to expand, this is valuable information.

The overall SUS score of 65 is a broad descriptor of the systehusality of the story mapwith

no further reasoning for why participant feedback resulted in a SUS score that can be interpreted as
Good To assessystemlevel usability irfiner detail, theitem level averages for the SUS questionnaire
were evaluated. Eaclitem (question) in the SUS questionnaisctargeted at qualities of system
usability ¢ item 2 targets complexity and item 7 targets learnability, for exampteidentify which
gualitiesof the story map performed well, and whicjualitiesrequire improvement, the item level
ratings and the SUS scores that correlate to those ratings were assessed.

At the item level, itemdargetingease of use, learnabilitgomplexity integration and frequency of

use performed above average. Regarding tomponents of usability, the ease of use, learnability
andcomplexityof a platform are attributes that contribute to the efficiencytbg platform. Efficiency

is a measure of the amount of effort and resources that users need to complete a task sihgdeau
platform. In the case of an educational platform such as the story map, the task users need to
complete is learning. If a platform is easy to use, easy to learn to uséamnthe right level of
complexity the effort needed to learn is minimis€ean Nuland et al., 2017; Jardodzka et al., 2017
Additionally, awell-integrated platformcontributes to the effectiveness of a platform. An effective
platform supports the user in completing tasks.w&ll-integrated platform combines different
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componentsinto one concise product and presents various resources that support the user in
learning. Furthermore, a platform that users would like to frequently use means that the platform is
satisfactory to use. Users must feel comfortable while using a platforfedl satisfiedand, in this
case users are comfortable enough with the story map to want to use it aiginoke, 2013)

Amongst all of the itemsthose targetingrequency of use and integration performed the best. As
such, it can be said that theasy map is more effective and satisfying to use, moreso than the story
map being efficient to use. The three components of usabiityffectiveness, efficiency and
satisfaction- must work in tandem to boost each other. Improving the efficiency of theysteap by
reducing the effort needed to learn will help to improve taeerageSUS score. In doing so, readers
will be able to learn while expendirmginimal effort, which in turn will allow readers to learn more
using the same amount of effort and increakeir comfort while learning.

Of the items that performed the worsitems targetingthe required technical support angrior
knowledge needed to navigate the story map received the lowest scores. The SUS scores that correlate
to these item rating averages fall within the F grade for the curved raiade Sauroet al., 2016)

The item rating averages clearly show tha story map needs to improve regarding these attributes.

The poor scores regardingquired technical supporand prior knowledge needed to navigattee

story mapshow that participants were likely intimidated by thechnicality ofstory map or felt that

the story map assumed a baseline of prior knowledge from users

To investigate further, th&8US questionnairdata was split intd24 groupsfor which average SUS
scores were calculatedThe average SUS score and the itating averages cannot definigly
indicate the underlying reasons behind the participaresaluation of thed 2 NB uSdbilitdQ &
However, calculating the average SUS scoregrmrpswithin the population can indicate the types

of demographics for which the story map is better catered. Of thg@radips 15 scored the usability

of the story map better than or the same as the population average. Participants who had practical
experiencewith story maps, those who were enrolled in a related course and those who were
postgraduate students scored the usability of the story map the highest. These ghoegs of
participants encompass those with more academic experience than the rest gbatieipants.
Considering the othegroupsthat scored the usability of the story map hightéan the population
averagg(comfort with English or using computers, sufficient slaagpractical experience with story
maps, 3D models or Google Earth), it eprs that comfort and familiarity are common demographic
characteristics.

Nine groupsscored the usability of the story map lower than the population average. Of these,
participants who were not comfortable with English, not comfortable with using a ctenpuad those

GK2 KIR y2 LINIOGAOIt SELSNASYOS gAlGK D223tS 9F )
Participants within these thregroupsalso scored the SUS iterfir technical support and prior

knowledge needed very poorly. It cannot be sdidttdiscomfort with English and computers and the

lack of practical experience with Google Earth are the definitive underlying reasons for the poor
performance at the item level for technical support and prior knowledge needed. It can, however, be
inferred that participants who are uncomfortable with English, uncomfortable with using computers

and have no practical experience with Google Earth, strongly think that they would need the support

of a technical person and would need to learn a lot of thingsde the story map. It can also be
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inferred that the actual technical support and prior knowledge needed to use the story map may be
related to the language or jargon used in the story map or the technical computer skills needed to use
and understandstory map, considering that practical experience with Google Earth was used as a
benchmark for experience with web maps

The SUS is a systdavel evaluation of usability and thus cannot indicate how users learned while
using the story map. The SUS questionnaicgeso highlights system qualities of the story map that
may improve or impede learningddding to the three components of usabilityeffectiveness,
efficiency and satisfactionultimately, the major factor of usability for an educational platform is if
users can learn while using it (Kortum & Peres, 2014; Van Nuland et al., 2017). To assess this,
participants were given a test about the physicality and spatial arrangement of Seoke, with reference
to the 3D visualizations in the story mdparticipants were also asked to rate their confidence in the
answers provided from 0% to 100% confider©gerall, the averagproportion of participantswith
correct answers was approximatelys7 ® ¢ KS  LJ- NI A €ekrhthdyanfidence fop Bl 3 S
answers was 69%, howevéhne selfrated confidence data hahigh variance. For each question in the
test, the 80% 100%selfrated confidence range received thdghest proportion ofesponses from
participants.Although systerdevel issues with the stgrmap were identifiedhrough the SU$.e.,
technical support and prior knowledge needed), the effect on learning done by users was not
detrimental. Based on the average scores for the short test that participants completed, the content
of the story map w@s conducive to learning although the story map, as a system, needs work. However,
the fact that participants performed well in the test despite the issues identified in the SUS evaluation
indicates that the story map is functional as a product based eratims and objectives of this study,
which was to develop a digital environment for learning.

There wasa strong positive correlation between the proportion of participants with correct answers
and average confidence, with a correlation coefficient of Bi@wever, the correlation between the
confidence scores of participants who answered the questions 100% coyresrdyis those who did
not, was positive but weak, ranging between 0.25 and @d6all of the test questionsParticipants
who did not answethe questions 100% correctly did, on average,-s#l their confidence lower
than those who answered correctly.

In summary it can be said that th@umber of participantswho answered the questions correctly

increased the higher the average confidence in answamsre. | 2 6 S@SNE LI Ndied OA LI y
confidence is not strongly correlated to whether they were wrong or right in their answers. This is

guite an encouraging finding when evaluating an educational platf@omfidence while learning is
AYRAOIFIGAGS 2F | tSFNYSNRa SELISOGFGAZ2Y 2F LlRaArdaA
Moreover, confidence has been found to reflect positive emotional, cognitive and performance effects

in learners (Norma@& Hyland, 2003 I NIi A O A-talled/cndid@nceindttbding strongly correlated

to their accuracyshows that participants were motivated to learn and expected positive results from

what they learned. Negative feeliaguch as anxiety or frustration, Wi can be a result of lack of
confidence, cafead to avoidance attitudes, a reduction in time spent learning and a decrease in how

much of what was learnedbeing processe (Kremer et al.,, 2019 The evaluation of selfated

confidence shows thathe eduational material presented in the story map does not impede on

f SFNYSNRa O eay TatilRafeyl€d®ing [rgnik the perspective of learner confidence.
Consequently, when asked if the story map was enlightening, 98% of the participants reported that

the story map was enlightening to some degréeK S LJ NI A OA LI yiaQ LISNF2N)YSR
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information retention and the application of knowledge gained, and-mgdbrted that they had
learned.Participants responded quite positively to questions relgay the pedagogical value of the
story. Approximately 79% of the participants agreed to some degree that virtual field trips for cultural
heritage sites were valuable and 76% of participants agreed to some degree that the story map was
an innovative wayd learn about Seoke.
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Chapter 6: Eydracking Study

This chapter discussthe eyetracking study conducted for the story map. Theerviewsection liss

the various reasons for which certain components of the story map were analysed using the eye
tracker and the potential knowledge that can be gained from it. fitegerialssection coves the
equipment and software useayhereby the procedure sectiopresents the routine of the study and

the questionnaire that participants filled out. The results and evaluation sectports onthe
findings of theeye-trackingstudyusinggazefixation heatmapsndgraphical visualizationsastly, the
discussion sectioalaborates on the findings of the study and the knowledge gained from it.

6.1 Overview

Eyetracking is a psychophysiological approach to usability testing that assumes a link between mental
and visual attention patterns (Wang et al., 201®%here Chapter5 evaluated the systentevel
usability of the story map as a digital exploratory environment for learnimg purpose of theeye-
trackingstudy is toprovide insight into user focus and attentigWang et al., 2019)hile using the

story mapinterface Beyond user focus and attention, eye tracking can also provide insight into the
learning process. The learning process can be affected by working memory capacity overload, which
can occur when instructional material is laid out ineffectivelyddaka et al., 2017By assuming a

link between the eyes and the minthe eyetrackingstudy aimed to identify the content that drew

the attentionandthe visual search of readers when asked to complete certain tasks.

6.1.1 Outline

How readers of the storgnap use and look at the content and functionalities of the story map was
analysedusing eyeracking technology. In this regard, tf@lowing categorie®f assessment were
outlined:

i) Distribution of Attention Across the Text and Medi&irstly, identifythe distribution of
attention acrosghe textual informatiorandthe mediapresented by the story magspecially
when the media carries important information, such as in the case of maps or images of the
actud site.

i) Completion of a Task in the Archivgecondly, theyetrackingstudy should analyse how
participants search for information when prompted with a task. Using gaze path videos,
patterns of behaviour depicting where participants assumed inforomashould be, must be
determined. The gaze path videos must also be utilised to calculate the average time it took
for participants to complete the task.

iii) Visual and Auditory Focus Levatiditionally, participant attention and engagement should
be identified using gazpath videos for when participants watched the video about the
Northern cluster of Seoke. For every section of the videe,degree of agreement between
visual attention patterns and the subjects of theiceovermust be determinedin addition,
fixations on random points of the video should be highlighted as an indicator of boredom or
Wi2yAy3d 2dziQo
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iv) Interactivity: Lastly, the extent to which participants engage with the storgp and
perform actions that breakpart from the linear flow of the story map should be identified.

6.2 Materials

The eyetracking study was conducted from the 30th of March to the 1st of April 2021 at the University

2T t NBeyerathing @Gin the Depamment of Informatics The study was structured and
LISNF2NXYSR dzy RSNJ 0 KS adzLISNBA&AAZ2Y 2F Yl ttSe /2tSYl
labs.

6.2.1 Equipment

The Tobii X320 eye tracker, which has a 120Hz refresh rate, was used fatllig. The presentation
screen that was used by participants was an LG IPS FULLHD monitor with a resolution of 1920x1080.

6.2.2 Software

Tobii Pro Lab v1.162 Full Version was used to conduct the study, analyse the data and create
visualizations of the data. When generating the ghzation heatmaps and gazdots, a similarity
threshold of 50% was used, which is the default for the softwares thihreshold level accommodates

for the scrolling or movement that may have occurred while participants were reading the story map.
As theeyetrackingfootage overlaid the gaze fixation points on a snapshot image of a section, a match
between the footageand the image was necessary. For one patrticipant, the similarity threshold was
set to 81% due to some data loss. This means that the software was more stringent in plotting points
as a gaze fixation in this one case.

6.3 Procedure

The study was conducted ofmm-one & the participants were asked to book a participation timeslot
ahead of time.Participants of the ey#racking study did not participate in the usability survey
(Chapter 5). Thelgad no exposure to the story mdgefore participating in theeyetrackingstudy. The
eyetrackingstudy was performed durinthe daytime in a large room that received natural light in
addition to the overhead artificial lights.

The study was structured into 3 distinct sections. Firstly, ppetitis were welcomed upon arrival at

the labs. Once seated, the participants were informed of the nature of gagticipation Participants

were told that their eye movements would be tracked while they read a story map. They were
reassured that the subj of the study was the story map, not themselves and that they should not
feel pressured if they encountered problems or were unsure of what to do. Additionally, it was
reiterated that no personal information would be gathered or shared. After reconfgriieir consent

to participate in the study, the eye tracker was calibrated to the participant. Participants were
instructed to keep their eyes on the screen at all times while partaking, even while asking questions
or being prompted.

The eyetracking stuly itself prompted participants to read through the story map freely for 5 minutes.
After the first 5 minutes, participants were prompted to complete several tasks. These tasks included
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downloading Shapefiles from the archive and interacting with the dmgeBD visualizations. Lastly,
participants were asked to watch the video at the end of the story map. During the study, the number
of interactions that the participant made with the story map was noted. Considered interactions
include the opening of therahive and visualization buttons without prompting, opening attributions
and their level of interaction with the web map.

On completion of the ey#racking portion of the study, participants were directed to complete a short
guestionnaire(Annex #). The giestionnaire included demographic questions, a short test tagga
what participants learned and lastly questions about the experience and perceptions of the story map.

6.3.1 Stimuli

The story map, along with the textual information, displays various formseoffanThrough the eye
tracking study, inferences of the effectiveness and attractiveness of the various forms of information
can be made. Each type of media utilised in the story map will be evaluated using a representative
section, mainly:

) 2D MapsWt-QBf 2y Al £ { 2dzi KSNSctianFNA Ol y {SGiGf SYSyiGac
i) ImagesW{ (2 y SancWILfytKa @ A (i | gedtians2 ¥ { S21 S Q

iii) 3D Visualizatio!5 ¢ St f Ay 3 sectigndzl t AT FGA2YyQ

iv) VideoWb 2 NIi K S Nslyctioh £ dza G S NI

@0 | Nkl @@ ChapefilespfS21 S adz2yS gl ftfAyaQ

6.4 Results and Evaluation

6.4.1 Participants

A total of 16 students participated in theyetrackingstudy. Of the 16 participants, 12 were female
and 4 were maleAll of the participants were in their early twenties with seven thyehr stueknts

and nine Honours studenti@ablel15). The courses that participants were enrolled in were far less
diverse than those in the usability survey. The participants were all BSc stuBanisipants were
asked about their comfortality with the mediums used to conduct the study, namely with English
(the language used in the story map and for instructional communication) and with using a computer
(Figure43). Most of the participants claimed theyere comfortable or very comfortable.



Page |86

Tablel5. The Gender and Ages of the Participants for the Eye Tracking Study

Count
Female 12
Gender
Male 4
Mean 22
Min 20
Age
Max 24
Std.Dev 1,13
Thirdyear BSc Geoinformatics7; Bridging- 2 9
Academic Year BSc(Hons) Geoinformaties;
Fourth-year /Honours BSc(Hons) Geography and 7
Environmental Sciencel
Comfort level with English and with using a Computer (n = 16)
12
10
10
8
~ 8 7
c
3 6 5
@)
4
2 0 0 0 0 ! .
0 I .
Very Uncomfortable Uncomfortable Neutral Comfortable Very Comfortable
Comfort Level
® English m Computer

Figure43. Participantsof the Eyetracking{ (i dzREanfidit Level with English and with using a
Computer

When asked to rate their interest level in the topic of southern Africandetenial history, most
participants rated their interest as sharm or casualKigure44). Furthermore, participants mostly
reported that they had a little or moderate amount of prior knowledge about southern African pre
colonial settlements such &agapungubwe or Great ZimbabwEigure45).
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Interest in Precolonial Southern African History (n= 16)
8 7
7
6
g° 4
Lg) 4
3 2 2
2 1
1
0 1
No Interest Short-term Interest  Casual Interest Somewhat Very Interested
(during the survey) Interested
Interest Level

Figure44. Participants of theEyetrackingStudy's Level of Interest in Preolonial Southern African

History
Prior knowledge about Southern African grelonial settlements
(n=16)
9 8
8
7
= 8 5
% 5
o 4 3
3
2
1 0 0
0
None at all A little A moderate amount Alot A great deal
Knowledge Level

Figure45. Participants of theEyetracking Study's Prior Knowledge about Southern African Pre
colonial African Settlements

6.4.1.1 Calibration

The eye tracker was chtated to the eye movements of each participant before commencing with
the study. Data loss for the calibration measured between 0% to 5% except for two cases where data
loss was at 8% and 13% due to the participants being glagsa®rs. However, the datloss was still

within the accepted range, as advised by thedabrdinator.

6.4.2 Distribution of Attention Across the Text and Media

6.4.2.1 2D Maps

TheWt-QBf 2y Al £ { 2 dzi K S NJgectibrifdfldheddtoyy mapSisi infdrBaredeyisé. atQ
introduces the reader to the history of the study of early settlements and urbanism, and why the study
of settlements such as Seoke is importaAt2D map, the main media for this sectjoshowsthe
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distribution of the archaeological sitesf pre-colonial southern African settlements with the
Zimbabwean or Central Cattle Pattern (CCP) walling tradi{eestion2.1.2).

A heat map otumulativegaze fixations was generated to illustrate participants' visual engagement
with this section. The intensity affixation is demonstrated by colour, with green representing a lower
intensity, to red, which represents high intensity. The opaqueness of the colour represents the overlap
of gaze fixation data from the different participants. As seerigure46, participants strongly fixated

on the textual information in addition to the information presented in the 2D map. Based on the
intense fixatiors on the legend of the map and the additional fixations on the correspondiag
symbds and insert mappatrticipants took time to fully understand all of the information presented.
The educational material in this section appears to have been laid out effectively as the fixations are
centred on the points binterest (text, map, map gend and insert map) of educational value.
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Figure46.Overall GazeF AEl GA2Y | SIOFFERYRF (KS dAb K SBY

Section

In assessing the participants gez## 1 K&~ ¢ KAOK @A adzZ £ A1 Sa -fikatiéhs,a dzOOS a.
and as visualized iRigure47, it was obsergd that 62.5% of the participants looked at the map first,
GKATAG oTodp: 2F GKS LINIAOALIYGA t221SR |G GKS
textual information to the higher propensity of participants looking at the 2D map first, itbean

determined that there was a balance between the text and the media overall. Considering how
information-dense both the text and the 2D map are, participants, on average, did not avoid any of

the educational material or focus on only one aspect of thetisa due to being overwhelmed.

However, at the individual level, three participants only looked at one aspect of the section, with two
focusing solely on the text and one focusing solely on the 2D map.
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Figured?. Firg Gaze Fixation Per Grid for the 'Romlonial Southern African Settlements' Section

6.4.2.2 Images

Contrary to the evenlhydistributed attention spent on the informatiocdense section mentioned
above, the sections that featured images as the main media received a different resul {The2 y S
2 | £ $edtiGnh introduces the reader to the most apparent archaeological remains eofStoke
settlement. Through the textual information, the participant was informed of the start of the practice
of stonewalling, of the significance of stonewadland the number of stone walls found at the site.
The participant was also shown images @& #tone walls at the site, which was the first clageview

of the site that is presented.

@ Acais StoyMaps 6000

African Inhabitants of Seoke  Stone Walls  The Remains ftlement  Dwallings  Dweliing Visualization  Physical Envionment  Agricultureand Vegetation  Cattle and Material Wealth  Northem Cluster  Credits

Stone Walls

)0 to ) CE, T

c ties t which

Figure48.Overall GazeF AEI GA2Yy | SIHid al Ll 2F GKS

Participants focused mostly on thtext andfixated very brieflyonthe images of the stone walls, with
one participant having not fixated on the image at all. Incdbenulativegazefixation heatmap Figure

48), this is illustrated by the transparent green spots overlapping the collage of the stlieThe
transparent green colour indicates that fixations were brief and not intense. Comparatively, the
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opaque yellow to red colour overlapping the text indicatinat the fixations were prolonged and

intense. Participants tended to bounce very quickly to each image in the collage, instead of fixating or
scanning through the images. This could perhaps be attributed to the layout of the images. The collage
layoutiS Rdz0Sa G(KS aAil§ 2F SIOK AYI3IS yR YI18a Al dzy
be placed. In addition, the images of the stone walls may have lacked in impact for the participants.
Although the images depict significant archaeological objettie stone walls may appear as less
significant or uninterestingzhen perceived bgomeone who is not familiar with pieolonial southern

African settlements

The gaze fixation heat map for thieL y K I 6 A (i | ghowied @similaf B2I{tStaw{ G2y S 2 | f £ &
section. ThePL Y K| 6 A i | getiddn iLafshoft StipnSHAt introduces the Bangwaketse to the

reader and discusses their regional influence. A photograph of Ngwaketse children and women
accompanied the textual information presented in this sectiigre49). Similartotha?{ G2y S 2 I f f &

section, the photograph of the children and women had no clear focal point as theraargfaces

in the image. Even with the difference in layout, (collage layout vs. single image) gaze fixations
remained centrd on the textual information more so than the image, as illustrated by the opaque
yellow to red colour overlapping the text. Fixations centred on the subjects in the image were mainly
centred on the faces of the individuals photographddwever, there wes also many fixations on the
photograph that appear to not be centred on anything in particular. The transparent green spots
scattered over the photograph shows that the fixations on the image were brief and lacked intensity.

@ Acais StoryMaps 000 -

tieand Material Wealth ~ Northem Cluster  Credits

Inhabitants of Seoke

The Bangwaketse (alternativelyk

Figure49.Overall GazeF AEI GA2Yy | SIHi{ al LIS2T Sk$ SO

In both cases, the lack of ense fixations on the images does not mean that the participants did not

see the images. The eye tracker can detect and map gaze fixations, however, it cannot identify what

the participants saw in their peripheral vision. It is likely, that the participaaiv the images of the

stone walls and the Ngwaketse children women in their peripheral vision while reading the textual
information. However, what they saw in their peripheral vision did not attract enough attention to

fixate on the imagesGazepath maps were assesseddoRSY G A F& G KS &dz00S8aaizy
fixations to determine whethethe images failed in attracting the attention of the participarfg(re

50; Figure51). The gazgath maps for the 2 abovmentioned sections found that the participafls
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first fixations for thee sectionswere quite evenly split between the image and the te®s0% of
participants looked at the text first for ti¢ { (i 2 y Sectioh &ntl 4@ forthe¢ LY K+ o A G yia 27F
section. Also, considering that only one participant per section did not fixate on the image at all, it can

be determined that the images are not completely inconspicuous.
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6.4.2.3 3D Visualizations

The dwelling visualization in the story map is a simple interactive visualization of several objects that
could be found near a dwelling. The visualization is centred around a dwelling model which is enclosed
within a stone wallA grinding stone and pot are located in the courtyard and a midden is located
behind the stone enclosure. Lastly, a grain bin is located to the side. Participants were prompted to
look at and interact with the visualization. A heatmap was generated thaiped the gaze fixations

of participants when looking at the complete scene. As seé&imure52, the cumulative gaze fixations

were centred on the commertallout icons rather than the objects themselves. The comnroalit

out icons were available for every 3D object in the scene and indicate to the user of the descriptive
information available. Clking on the commentallout icons brings up a payp of information about

an object. The gaze fixations at the bottom FEifure52 were as a result of the prompt given to
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participants that instructed them to move betwreviews using the thumbnails along the bottom of
the screen.

Dwelling Details

Figure52. Gazefixation Heatmap for the Interactive Dwelling Visualization

The fixations on the commertallout iconsare evident in the more intense fixations on thevelling,
stone wall, midden and grinding stone models that had visible comyoalidut icons compared to
the less intense fixation on the grain bin, which did not have a visible comoadiout icon in this
view. The commentcallout icons are effective iattracting the attention of participantsand thus,
made the layout of educational material effective. Participants were clearly made aware afehe
of interest (the 3D objects) of educational value. In this regard, 3D visualizations with coroatient
iconsare an effective way to communicate descriptions of objects in the 3D visualization

For further evaluation participants were asked to desceibthe attractive qualities of the 3D
visualization in the posstudy survey. Besides the result of the heatmap, participants rated graphics
and realism as the most attractive quality. Ease of navigation and the uniqueness of the visualization
rated similaty (Figure53). Furthermore, when asked about the organicness and realism of the models,
participants, it was rated as moderate or a (btgure54).

Attractiveness of the 3D Visualization
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Graphics and | It was something

It was different
from other
Easy to navigate| visualizations |

realism new have seen in the
past
| m What made the 3D visualization attractive 12 5 8 7

Quality

Figure53. The dtractiveness of the 3D Visualization as Rated by Participants (choose one or more)
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Organicness and Realism of 3D Models
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6.4.3 Completion of a Task in the Archive

There are several links to thdetsemegologolarchive within the story mapA general user of the
story mapwould likelyhave no prior experience using an archaeological archiveeobserve how
participants interact with the archive and search for information, participants were prompted to open
the archive and attempt to download Shapefilspatial dateof the stone walls Table6) from it. The

task can be completed with two clicks framhenthe archive page is fully loaded. Considering this,
the participants took an average time of 42 seconds to complete the task, with the minimum time
being 13 seconds and the maximum time being 84 sec@figsire55). Many participants showed

confusion as to how the task should be completed and required assistarttgerbal promptingo

complete the task. Several participants expressed their opinion that they expected to see a large

visibleW 5 2 ¢ y huioh $b@ewhereon the page
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How participants started their search for information was also assessed. The assessment was
conducted by reviewing the recordings of the participants completing the task. The software was
unable to generate heatmaps or gaze fixation maps due to theuatnaf movement from participants
scrolling through the archivesothe recordings were reviewed manually. The recordings showed the
succession of participantye movements as movingred dotthat visualizes gaze fixatioriBhe dot
increases in size iesponse to theluration of aLJ; NJi A SGixatich. Retli€ving the footage showed

that when staring the task, 31%f participantsstarted their visual search 2 NJ 6 KS WR2 gy f 21 R
the top of thearchivepage. 13% of participants started at the bottafithe page, gravitating towards

a link to export objects as PDFs or as XML. Interestingly, 56% of participants correctly started their
visual search at the middle of the page, where tHlR 2 6 y f 2 | Bipefilehofjdctis Toated.
However, most participants could not identify how to navigate to the Shapefiles and continued to
search other parts of the pag&ven when participants noticed the Shapefiles, they were unsure of
how to proeed in order to complete the task of dmloading the spatial data.

6.4.4 Visual and Auditorffocus Level

The video at the end of the story mapthat of the 3D scene of the Northern cluster of Seoke (Section

4.2.4 that visually and auditorilgummarses all of the information from the body of the narrative.
Participants were prompted to watch the video while their eye movements were tracked. The footage

of the participants' eye movementgasevaluated to determine their attention level for each section

of the video.Similar to the approach for the evaluation of the archive ab(vection6.4.4), the
F22GF-3S 2F LINIAOALIYyGaQ SesS Y2¢0SySyia akKz2gSR
visualized as a red doAs the video is split into very clear sections, participant attentavels were
determined by thdevel of agreemenbetween eye movements anthe subjectof the video voice

over (i.e.,determining if a participant fixated on the dwelling model when the vaiger discusses
dwellings) Attention levels were classifiedtin3 groupgFigure56), namely:

i) FocusedParticipant fixated mdsy on the subject of the voicever.

i) ScatteredParticipant fixéed on the subject of the voiecever, but also fixated on other
objects.

iii) Unfocused:Participant fixated on an object unrelated to the voimeer for a prolonged
period.

Video sections that showed a more zoormat view of the object it discussed had more participants
that had scattered attention. The zoomeat view had sevelaunrelated objects in frame with the
object discussed in the voice over. The participants' scattered attention could be due to the
LI NOAOALI yiaQ Odz2NA2aAie | 02dzi -oul KeStions GicludeQiey S Ay
Introduction, Dwelling ClusteGrinding Stoneand Middenssections. An exception is the Stone Walls
section. Participants tended to look at the stone wall models in this section even though there was a
lot of movement in this section of the video. Video sections that showed a more zeomeew of

the object it discussed had more participants that had focused attention. The zoomsattions
include the Dwelling Description, Cattle, Cropsid Grain Binsections. Video sections where
participants were unfocused include tii@wvelling Clugr, Grinding Stone, Cattle, Middessd Grain
Binssections. These sections, except welling Clustesection, were the sections with the longest
voiceovers. Out of the 16 participants, six experienced unfocused attention. These participants
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experiencel unfocused attention for only one section out of the video, except for one participant that
experienced unfocused attention for two sections out of the video.

Participant Attention Level for Seoke Northern Cluster Video

mmmm Focused Scattered Unfocused Section Length = = = Voice Over Length
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Figure56. Attention Levels of Participants While Viewing the Seoke Northern Cluster Video

In the poststudy survey and conversations, some comments were made about the video. A few
participants communicated that they preferred watching the video to reading the content of the story
map as the videsummarized soméformation found in the textThese participants didlarify that

they are auditory learnes rather than visual learners.

6.4.5 Interactiity

Besides the static forms of information in the story map such as the textual information, images, and
2D maps, the story map also has many dynamid smeractive auxiliary content. The level of
interactivity from participants in seeking information in the story map was evaludtae.actions

were identified to determine the extent to which participants interacted with the story map. The story
map isstructuredlinearly and can be navigated by simply scrolling down to the next section. Actions
GKFG oNBF]l FLINIG FNBY GKS fAYSIENI Ft2¢ 2F GKS
interactions include opening a link to the archiveypening a link to a 3D visualizatioopening the
legend bar of the web mampening an attributiorand maximizing an image

Opening the links to the archive and a 3D visualization were the most pronounced actions presented
to the reader. Participants wer@structed through the text of the story map to open the links, and
the buttons to do so were quite prominerfigure57). To make the buttons promingrfilled buttons

of a contrasting colour, noticeable size and labelled with their function, were used. Oxdeallof
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the participants opened the link to the archive, and 50% of participants opened the linlkB a
visualization Figureb8).

@ ArcGIS StoryMaps &0 e
Walls  TheRemains of the Settiement  Dwelfings ywelling Visualization  Physical Environment  Agriculturs and Vegetation  Cattle and M
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Dwellings were round with mud

hills of Seoke, as cal

hat represer material

wealth for the Bangwaketse

Click on the button above to see

an interactive 3D visualization of

the terrain of Seoke.

Figure57. Interactive Buttons Linked to the Archive and Interactive Visualizations

The archive acts as a starting point for readers that are searching for information beyond what is
presented in the story map. Although valuable, the archiauigliary information that igot integral

G2 GKS Ft2¢ 2F GKS &2 NdadeldhI# hawt ltoNiMNdradt AvEnSit + y R |
/| 2Y&AARSNAY3I GKFG GKS LI NIGAOALI YyG 3AINRdAzZLI Y2adte NI
Y3 KENIY Q> GKS IANRdzZLIQa NBfFGAGBS tS@St 2F AyidSNI O

Opening a Link to the Archive Opening a Link to a 3D Visualization

m No Interaction m No Interaction

m Interaction m Interaction

Figure58. Percentage of Participants that Opened Links to the Archive and the 3D Visualization

A previous iteration of the story map had the 3D visualizations embedded into the main page. Due to
load time issues, it was decided that adding a buttaett topened the visualization in a new tab would
be a better alternative. However, as only half of the participants opened the visualization, opening the
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visualization using a button has its sharevefaknesses. Readers do have an alternate opportunity to
see the visualization of the site through the video at the end of the story map, although the video is
not interactive. The level of participant interactivity with the 3D visualization button needs to be
improved through further workas the3D visualizatin is an importantomponent in learning about

a site remotely. The actions that were less pronounced to the reader include maximizing an image,
opening the legend bar of the web map and opening an attribution. These actions requeed th
participants to notice less prominent details of the story map to identify thedng related to the
actions

Amongst the textual information of the story mageveral imagew/ork to provide references related

to the text Figure59). With regards to maximizing an image, 19% of participants performed this action
(Figure60). As maximising images did not perform well in terms of interactions from participants, it
would be better to use simpler imagavithin the text and to use more complex images in the main
stage of the story map. Readers are less likely to maximise and examine the smaller images amongst
the text, so images with important details may not be presented to their best potethtialigh this

method.

@ ArcGIS StoryMaps iy s
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Figure59. Maximizable Image

Maximizing an Image

m No Interaction

Interaction

Figure60. Percentage of Participants that Maximized Images

Participant interactions with the legend bar and attribution were tested differerigth actions are
presented usindloating action buttonsAfter noticing a lak of interaction with the abovenentioned
components during theeyetracking study, some participants were prompted to complete these
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actions(Figure61). Participants were prompted with questions suchtag KSNB A a GKS f S3S
$So Yhidiet S asS (St thy ghotagigdber §61 tMsSimagefor opening an
attribution, 13% oparticipants completed the action without a prompt. With opening the legend bar
for the web map, no participants completed the action without a prompt. Of the participants that
were prompted to open an attribution or the legend bar, all were able to ceteghe action Figure
62).
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Figure62. Percentageof Participants hat Opened Attributions and Opened the Legend Bar

Theattributions, similar to the archive links discussed previously, acts as a starting point for readers

that are searching for information beyond what is presented in the story map. The attributions are
valuable in that they provide credit to the authorswafrious photographs and illustrations and act as

a reference for a reader if they choose to learn more about Seoke and the Bangwaketse in their own
GAYSD 1 26SOSNE G(KS FGidNROdziAZ2ya | NB | dzEAE AL NE |y
In contrast, theweb map legend pla/an important role in the richness of the content in the story

YLD ¢KS 6S6 YILIQa fS3ISYR A& AyiSaINIft F2N dzy RSNZ
the various remains found at the site that are representggbbints on the map. The lack of interaction

with this function in the story map means that it may be necessary to provide readers with the
information provided by the legend through other meamsto specifically instruct readers to open

the legend throud the textual information
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6.5 Discussion

Theeyetrackingd l dzZR&@ NB @St SR AYLRNIFYyd Ayairakida NBEII NR;
interacting with the story mapAdding onto the evaluation and discussion of systewel usability

done in Chapter 5, the eyteacking study places focus on how the platfois used. Assuming a

relation between visual and mental attention patterns (Wang et al., 2019), the story waesp

evaluated on how it attracted user focus, how users completed tasks and how they interacted with

the story map overall. The story map perfwed well generally with someidentified areas for
improvement

It was found that educational material, namely the 2D map and 3D visualization, was laid out
effectively, therefore supporting the learning procedsearning can be affected when learners are
presented with ineffectiveljaid out educational material. Negative feelings of frustratioanfusion

and anxietycan overshadow any learning that was done (Jardodzka et al., 2017; Van Nuland et al.,
2017).Comparatively, effectively laid out educatidmaaterial provides learners with dthe means

necessanto support the task of learning (Brooke, 2013he cumulative gazefixation heat maps

Of SF NI & aK2gSR {KI distridulled\sirés@redsdf ivitérestaf edudatioBafaiug 2 y

namely, the text, map, insert mapegendl Y R 02 NNXB & LJ2 y R APyedolodiad Soatiefnd Ay
African Settlemen®@ & Safditie Zogimentcallout icons in the 3D visualization. As thenulative

gazefixation heat maps showed rintense¥ A EI GA2ya 2y 02y iSyd ANNBt SOOIy
can be concluded that the 2D map and 3D visualizatiesented educational conte cleaty and that

participants could identify the educational content presentdfrticipants did not expend their
energysearchingfor the educationalvalue in the conteninstead of learning, meaning that these

sections weralsoefficiently laid out(Brooke, 2013)

Furthermore, the video of théNorthern cluster3D sceneperformed well overalifor participant

attention levelswS @A SgAy3I F220F 3S 2 Fwhidwstthhdihehitey, Gtte@iona + T S F
levels were categorised as focused, scattered or unfocused, based on the agreement between visual
attention patterns and the auditory and visual stimulus of the vid&tile watching the videoit was

found that particimnts were mostly fully focesl on the subjectsliscussed in th&oice-over (which
corresponded to the video visual). Participants agperienced scattered atteiin, especially for

more zoomedout sections of the video. The scattered attention was asdlnme be caused by

LI NIAOALI yiaQ OdzNA2aAdeé IzdoRetwnut vievik §s tre pakiGipahtsdial 2 S O G &
fixate on the subject ahe voice over as well. Howevén,instances where a video section was longer

or very zoomed outa small poportion of participants did experience unfocused attentigxdding to

the evidence of attentiorpaid to thevideo content, prticipants reported that the graphics and

realism of the 3D models was the most attractive quality of the visualizatitarestingly, participants

who are seHproclaimed auditory learners especially noted that the video and voues were helpful

for them, which highlighted an unintended dimension of value and purpose of the video.

Cognitive overload was an issue of concern th#itenced how the 3D content in the story mathe

simple interactive 3D visualizations and the video of the Northern clusteaspresented (Sections

2.3.2& 4.2.4). Cognitive overload has been found to be caused by the manipulation of dy@&mi
models, immersive 3D games and hypermedia for 3D learning (Berney et al., 2015; Gerjets & Scheiter,
2003; Paas et al., 2003; Huk, 2016), as these individuals must process a difficult task that exceeds their
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mental ability (Hossain & Yeasin, 2015). &tag feelings fi while learningg such as those from

cognitive overload may lead to avoidance attitudes, which limits how much of what was learned being
LINEPOSadaSR OYNBYSNI SiG FfdX Hanmpod® | 26SPHSNE | &4 aK
little avoidance that participants showed was minor.

An area that highlighted a point of improvemasthe sections of the story map that displayed images

as the main mediavas found to havdnad an unbalanced distribution of attentiomhe cumulative
gaz-fixation heatmaps show that [p NIi A OA LJ y (i & Qhighly(fatuSe ioh 2h¢ texdal a
information. Anyfixations on the images were briecatteredand not intense.Consideringthe

dzy ol £t yYOSR RAAGNRAROGdzOA2Y 2F GGSyldAz2y YR Ay | &
approximately 50% of the participants looked at the images.fif$lus, it can be said thaté¢ lack of

attention paid to the imagewasnot due © unattractivenessThe images were able to attract the
attention of users but could not hold their attention.

QX

The 2D map, 3D visualization and images are sinmilénat they are all visually oriented. However,

the images performed quite differently tihethe 2D map and 3D visualization regarding gaze fixations.
One major difference that may have contributed to the difference in performance is that the 2D map
and 3D visualization had clear visual coefocal pointf their educational value whereas tiraages

did not. The 2D mapada legend and labels and the 3D visualization had com+oaihdut iconghat
RNBg GKS LINIAOALIYGEAQ FGdSydAazy FyR Of SLNIe O2
These visual cues may have grablzed heldthe atention of participants better, by being visual
indicators that there is valuable information imot just the text, butthe media.The lack of similar
visual cusor focal poinsin the images used in the story map may have been a factor for the lack of
attention paid to the imageand the scattered nature of fixations overa@k the participants wereot
knowledgeable about preolonial southern African settlementshey may not have had the prior
knowledge needed to evaluate aarchaeologicdy significantimage and to extract the relevant
information from it. Overall, it was concluded that story map sections presenting images with
educational value must be displayed witore context andhe focal point of the image must be
highlighted.It may be beneficial to clearly outline what readers are meant to gain or observe from the
images. Labels or icons could work as visual cues to guide the attention of the reader to the relevant
educational material within an imag&his in turn, will support users in not wasting energy by
expending it while searching for educational content in the images and thus, make the layout of these
sections more efficient for supporting learnimyso, clearly guiding users to the educational value of
archaeological images will make the presentation of educadiocontent in this manner more
effective Participants will get the most out of learningribugh the images, instead of relying solely

on their own interpretations.

How patrticipants searched for infmation in the archivalsorevealed that there are improvements

to be made. Many participants showed visible confusion and required assistance to complete the task

of downloadingspatialdata from the archive Participants took an average time of 42 sei®ro

complete the taskwhich can be completed with two mouse click®onsidering the time it took for

LI NOIAOALI yia G2 O2YLX S$GS (K dis idy aela fdcter fhat affeded LI NI A
the efficiency of the story mapn Section 5.7t ivas elaborated that the story map was more effective

and satisfying to use, moreso than the story map being efficient to use. As the participants exerted

effort and resources (time) while trying to complete the task of downloading data, the usabilitg of

story map can be improved by making this task more efficieatticipants were not confident when
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attempting to complete the task. Utilizing commonly used GUI functionalities suchUaécall to
actionbutton may make the archive mofamiliar and accessible to a wider variety of users.

Lastly, thecomponents of the story map thatay have affected its efficiengyerethe variousbuttons

for opening auxiliary contenthat remove the reader fronits linear narrative.The extent to which
participants interacted with the story map outside of the linear flow of the main narrative was
evaluated. There were severaUX buttons or icons(i.e., floating action and filled buttonghat
participants could click on to revealixiliarydata and infomation. Due to the moderate to poor level

of interaction with the story map in this manner, educational material that is integral to the learning
process should be kept within the main linear floMhe more visually prominent, call to action, filled
buttons for opening the archive and the interactive 3D visualizations were of a contrasting colour,
large size and labelled with their function to attract engagement (Fanguy, 20E3pite this,
engagement with the story map in this manner was not hjgit 50% for opening the visualization

and at 44% for opening the archive. The less visually prominent floating action buttons for opening
the attributions performed worse at 13% unprompted engagement for opening the attribution and
no unprompted engagement farpening the legend bar. Prompting participants to engage with the
floating action buttons did show that the buttons were intuitively placed, however, with 25%
engagement for opening attributions and 56% engagement for opening the legend bar.

The actions bopening the 3D visualization and opening the legend of the web map were integral to
G§KS NBIRSNAEQ ThéSUXNdttons Ih thelst®ryOrBap fvepbe utilised for the function of
improving the effectiveness of the story mapthat is, to provide usersvith all of the necessary
resources needed to support the task of learning (Brooke, 2013). Providing access to the archive,
interactive 3D visualization, attributions and legend using the buttons functioned as access to auxiliary
educational content thatgpported what was being taught through the main textual narrative and
media in the story mapAlthough valuable for the learning proceslese contents may likglbe

looked over by a significant proportion of users. With these findingstet@mmended that although

the auxiliary content is valuable if the content is integral to the core learning process or crucial to the
main narrative of the story map, it is better to keep the content within the main linear flow of the
story map.
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Chapter7: Conclusion

7.1 Research Summary

Seokeand many other similar sites in treouthern Africanregion are physically ad conceptually
inaccessible to the public due to private land ownership, their tough terrain andufrent Covid19
pandemic Astory map was developeak an exploratory digital environment for learning about Seoke
in response to the educational potential of Seokedhtl of itsphysical and conceptualaccessibility.
This research aimetb develop an exploratory digital environmelior Seoke and to assess its usability
for facilitating learning about precolonial southern African history and urbanism in space and time.

To achieve this aim, the following key findirdghe studycorrespond to the outlined objectives:

i.  Develop arexploratory digital environment for learning about Seoke:

The story map was created as an exploratory digital environment for learning abowbloneial
southern African urbanism in space and tim& create the story map, a narrative with a clear
structure encompassing an introduction, body and conclusiaawritten. For a story map rooted in
cultural heritage, it is important that the narrative and the accompanying visual elements place the
Bangwaketse as the main character and that original place names and nouns aréheseghossible
Adding to this, thestory map successfully integrated various textual, archival and spatiaftiafmn
utilizing variousormsof media.

Of the spatial information integrated into the story map, 3D visualizations afitkevere built using

Esri CityEnginélhe 3Dscenespatially organised existing objects in the archaeological record with
geospatial attributesnd illustrated the site analogous to how it would have appeared at the time that
it was inhabited By visualizing geospatial information for Seokein 3D the 3-dimensional
characteristicof the objects in the archaeological recontere more expressivelyepresented ashe
nuances and details of the siteere visualizedfacilitating the conceptualisation of the physicality of
the site To capturefunctionalrealism, the3D models providd a visual reference for objects that are
niche or not mainstream, through the visual cues of their materials, dimensions and construction.
However, usingdssri CityEngine to model a scene that is not a modern cityscape eesinltmodels

that are too clean andeometric, which in turn made the 3D scene appear more inorganic than the
real site

ii.  Testthe usability of the story map for facilitating learning by developing and conducting a
usability survey and amrye-tracking study:

To test the usability of the story mags an environment for learninghe story mapwas evaluated

through a usability survey and an efracking study. The usability survey was conducted online and

was distributed to university stughts enrolled in two South African universities and one Botswana
university. The eydracking survey was conducted in person at tdeiversity2 ¥ t NB{i2 NA | Qa
tracking lab.

The usability survegvaluated the story map as a system for facilitating leagrby gatheiing user
FTSSRoIO1 Ay FRRAGAZ2Y (2 (8adGAay3 (KS adleamig YI LIQA
To do so, the survegonsisted of five sections of questions, namely demographics, usability 3D
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visualization, value and percdi A 2y ® ¢ KS RSY23INI LIKAO&a aSoOdAazy 3l
personal information, prior academic and system experiences. The usability section gathered
FSSRoOoIF O]l 2y UK Slevaliisby using 4 39siem &sabilily Soale (SUS) questionnaire

Ly S@ltdad A2y 2F LINIAOALIYGaQ fS@St warFwad y T2 N |
conducted in the 3D visualization section. Togathé¢ S LJ NI A OA LI yiaQ FSSRol O
value section collected feedback on the pedagogichievaf the story map and the 3D visualization.

Lastly, the perception section evaluated how participants perception of the 3D visualizations, pre
colonial southern Africa and what was learned through the story map.

The focus of the ey&racking study wasa evaluate how participantsteracted withthe story map

while learning¢ KS LI NI AOALI yiaQ SesS Y2@0SYySyida gSNB (NI O]
and completed prompted tasks. The elyacking story gathered information on thalistribution of

LI NGAOALI yGaQ iGSyGAaAzy I ONraa GSElddzZ t AyF2NNIGA
F NOKAGSS LINIAOALI yGaAQ @GAadzaf YR FdZRAG2NE T2 O0dz
interactions with auxiliary contd.

iii.  Analyze the results to draw conclusions and provide recommendations on the usability of
story maps to facilitate learning about preolonial southern African history and urbanism
in space and time and to inform the further development of the platform:

The story map was an effective learning tddlerall, the story map was effective in accomplishing
the aim of the study, which was to create a platform for learning. Participants were able to learn while
using the story mapnd performed well when recatiy information and applying information learned.

iii.(a) Usability Survey
For theSUS questionnairéBrooke, 1996¢onducted for the story map, an average score of 65 was
calculated, which can be interpreted as a g@ystemusability scorgBangor et al., 2008At the
system level, evaluation through the usability questionnaire and theteaking study found thatte
story map was effectivas thecontentneeded to support learning was all well integrataddthat it
wassatisfying to usgasparticipantswantedto use the platform again. The efficiency of the story map
(namelythe time and energyesources needetb use the story mapwas averagéBrooke, 2013)
Participantsdid feelthat the story map required technical support and some prior knowledge to
navigate. The eyracking study showed that participants especially struggled with navigating the
archaeologtalarchive.

For a more detailed evaluatiorhé average SUS score BFgroupswithin the participantpopulation
wascalculated Within thegroups it was found thai63% performed better or the same as a score of

65, the average SUS score for the popiata Participants with practical experience with story maps,

those enrolled ira related course and postgraduate students scored the usability of the story map the
highest. Comparatively, participants who were not comfortable with English, not comfonathie

dzaAy3a | O02YLWziSNI I yR (K2a$S gAGK y2 LINIOGAOIE SE
usability the lowest. Thgroupsi KI & & O02NBR (KS ad2NEB Y|l LIQa dzal oAf
about the technical support and prior knowledge neededise the story map especially poorkhe

group demographics cannot be used as a metric to definitively measure for whom the story map is

best catered. However, it can be inferred that participants who are uncomfortable with English, with

using computerand have no practical experience with Google Earth, strongly think that they would

need the support of a technical person and would need to learn a lot of things to use the story map.
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It can also be inferred that the actual technical support and pri@wkadge needed to use the story

map may be related to the language or jargon used in the story map or the technical computer skills
needed to use and understand story map, considering that practical experience with Google Earth was
used as a benchmark fexperience with web maps.

Onashorttesfor LI NI AOALI yiaQ AYyF2NXIGA2y NBGIGSyGAz2y NB3II
YFELE LINIAOALI YyGA KFER 'y | @SNI IS | yaded ®Midenc® OdzNI O&
for their answers was 69%. A strong positive correlation of 0.7 showéd tha K S LJ- NJfated A LI y { &
confidence increased as the average answer accuracy for the test questions incr8atfeated

confidence itself was not strongly correlated to whether participants answered the test questions

100% correctly or not. ConfigeOS KAt S € SFNYyAy3 Aa AYRAOIGAGS 27
results after exerting effort to learn, refldag positive emotional, cognitive and performance effects

6az2ff SNE mMdphpoT b2NXIY 3 hael IcoffiRliénce matbeingystongly I NIi A O A
correlated to their accuracy, shows that participants were motivated to learn and expected positive

results from what they learned.

ili(b) Eye Tracking Study
Analysis through the eytacking study found that edia with clear visual cues thdraw attention
G2 SRdzOFGAZ2YLFE YFGSNRARFE |yR ¢SNB LINIG 2F GKS YI
better reader attention and focus. Of the media, the 2D maps, interactive 3D visualizations and video
performed the besfor reader attenton on areaof interestfor educational valueyhereas the images
and interaction with auxiliary content did not perform well. The use of visual cuésdizating areas
of interest foreducational information in the mediaf the story map was an effecévmethod in
assuring a balanced distribution of attention in the textual information and the média lot of the
media is niche- namely 2D maps, archaeological images and photographs, 3D models of
archaeological objectsguiding readers to learn usirgyes indicating educational value will ensure
that users can get the mosut of the learning process without expending energy trying to extract or
understand information that they are unfamiliar with form the text or media.

iii.(c) Pedagogical Valuand Perception
As a platform for learning the story map received positive feedback W@¥o of participants believing
that the story map is an innovative way to learn about Sed@ke participants rated the pedagogical
value of the story map positivelywi K 1 d1’2 0SSt AS@Ay3I (KIFIG GKS 02y OSLI
la F RAIAGEE SELX 2Nl G2NE SygANRYyYSyiGzZ GKS &02NE
history, but also provided a digital alternative to learning about the physicalitg@feSthrough the
3D visualizations, as it is for traditional field trips.

As addressed in the key findings for objective 1, the 3D models weretbukpture functional
realism, not hyperrealism. Nevertheless, this did not affect the reagerseptiors of the organicness

and realism of the 3D scenes and readers were enthusiastic and reacted positively regarding the
models. Participants perceived the models to be realistic and their graphics and realism to be their
most attractive attribute with 77% reorting that the models helped them to imagine what it would

be like in a precolonial southern African settlementFurthermore participants perceived the 3D
visualizations to be of high pedagogical vall@ of @rticipantsagreed or strongly agreed dhthe

3D modelselped withunderstandinghe physicality of the sitand72%reported that the 3D models

made learning about Seoke more engagiwgth the selfreported value and reliance on the 3D
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visualization however, developing the 3D models further, based on the key findings of objective 1,
would be valuable.

7.2 Future Work

As part of theMetsemegologol@roject (Sectionl.1; Annex 1)this research was a case study for a
project that plans to expand. The project aims to create an egmirce, online platform that presents
archival and spatial information related to early Tswana urbanism. Seoke was selected as the site of
interest forthis case study, however, there are four otlemilararchaeological sites in treouthern

African region that in future work, will be included in the digital exploratory environment. Future work
will involve taking the findings of this study to infornetfuture iterations of the story map to improve

and expand the scope of thexploratory environmento include the other identified archaeological
sites.

In this regard, the key considerations for future wark as follows:

i.  Development of the 3D Models and Scene

The 3D modelsvere built with functional realism to convey the shape, scale, materials and locations
of the objects depicted. Howevespftware thatcandepict organic shapes, texture and terrain may

be better suited for modelling the spatial characteristics of sitasilar to Seoke. CityEngine was a
useful software to use as it comes with great suppodamelydocumentation anchosting services
which makesharing models and scenes online eddgwever, as CityEngine is catered to modelling
cityscapes, the models andenes were not able to capture the visumalancesof the site accurately.
Although participants were not affected by the level of realism presented by the current 3D scenes of
the site, the reported reliance on the models in the understanding and concligihgeSeoke calls for
further development of the models

il. Interaction with Auxiliary Content
t F NODAOALI yia IINB Y2NB fA1Sfte (2 NBYFIAYy 2y GKS
requires clicks to open apens in new tabsnay be missed by ptcipants. If the content is vital to

the educational value of the stpmap, it is better to embed thatontent into the main stage of the
story map.

iii. Distribution of Attention for Images

Images performed poorlyegardingthe visual attention and focusf participants. Participants were
more likely to glance briefly at images or look at the images in their peripheral view. This was likely
because the educational value of the images was not made clear to the reader. isgpats were

not knowledgeable about precolonial southern African history or settlemehey may not have had

the prior knowledge needed to evaluate an archaeological image and to extract the relevant
information from it. Visually indicating the knowlgel that can be gained from an image may work in
attractingthe readeQ attention. Labels or icons could work as visual cues to guide the attention of
the reader to the relevant educational material within an image.
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iv.  Navigation of theArchive

Asmostly having no prior experience with digital archaeological archiyesticipants struggled with
navigating the archive and extractigigta from it. Providing a useénterfaceand UX functionalities
that are simpler andnore familiar and intuitiveor first-time archive users may be better suited for
the intendedusers

7.3 Contributions

Thisstudy developed, implementeand tested an exploratory digital environment for learning about
pre-colonial southern African urban settlements. In response to the traditional and continual
misconceptions and nrigpresentation of precolonial Africa, a platform to provide viewing and
learning opportunities was developed for Seoke, an archaeological site in pagggBotswana. This

was a first for precolonial urban settlements in the southern African region. The learning
environment, presented as a story map, displayed geospatisiprical and archival information
about Seoke through various forms of media, including a 3D visualization of the settlement. The
evaluation of the learning environment using participant feedback highlighted the strengths of the
environment in facilitatig learning and indicated points for further improvements, with the intention

of expanding the digital learning environment to encompass additions of similar archaeological sites.
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Annex
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al LAY 3 | FNAOF Qa 9y RI y MeriuBerts, Dépditkaéns
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Department of Human Sciences, KwaZhatal Museum
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Anton Coetzee

Wits School of Arts, Wits University

Coordinator

Serena Coetzee

DepartmentGeography, Geoinformatics and Meteorology, University of Pretd

Member

Azizo da Fonsec

Wits Digitisation Centre, Wits University
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Amanda
Esterhuysen

School of Geography, Archaeology and Environmental Studies, Wits Univerd
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Jennifer Fithett

School of Geography, Archaeology and Environmental Studies, Wits Univerd
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Simon Hall Department of Archaeology, University of Cape Town Member
Clare Kelso Department of Geography, Environmental Management and Energy Studies Member
University of Johannesburg

Vuyiswa Department of Archaeology, University of Cape Town Member
Lupuwana

Brenda Maina Department Geography, Geoinformatics and Meteorology, University of Pret{ Member
Fred Morton History Department, University obBwana Member
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Thapelo English Department, University of Botswana Member
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Victoria Department Geography, Geoinformatics and Meteorology, University of Pret{ Member
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Giuseppe Salem| Archaeology Department 3D technology, University of Padova Member
Phillip Segadika | Archaeology Unit, Botswana National Museum Member
Keletso Sethlabi| History Department Archaeology, University of Botswana Member
Lokwalo History partment Archaeology, University of Botswana Member

Thabeng




Page |116

Annex2: CGA code for ston&all models

# Attributes- #
rock ="facade_textures/walltex4.jpg"
B Wall Segments-------------- #
segment(area) = case geometry.area <=5 : rand(0.1, 0.3)
else : rand(0.7, 1)
Hommmmmemeeme Starting Rules------------- #
Lot-->
extrudg segment(geometry.area) ) Wall
Hommmmmemmemeeee- Enclosures #
Wall-->
comp(f) { top : Top | side : Sides}
# Sides #
Sides->
offset(-0.8)

setupProjection(0,scope.xy, rand(1.5, 2), 1.4, rand(1.5, 2), 1.4)
set(material.boumpmap,rock)

projectUV(0)

texture(rock)
# Fop #
Top-->

offset(-0.5)

setupProjection(0,scope.xy, rand(1.5, 2), 1.2, rand(1.5, 2), 1.2)
set(material.boumpmap,rock)

projectUV(0)

texture(rock)

Annex3: CGA code for dwelling models

# ‘Fextures #
roof_texture = "facade_textures/Roof v4.jpg"
wall_texture = "facade_textures/Mud_Wall_1.jpg"
const halfarc_asset = "facades_objects/arc_thin.obj"
const wall_inset =0.3
attr door_index =
Hommmm o Starting Rules-------------- #
Lot--> extrude(3) Building
softenNormals(180)
# Dwelling #
Building-->

comp(f) {top : Top
| door_index : DoorTile
/l|(door_index(geometry.area) 2) : WindowTile
/l|(door_index(geometry.area) + 2) : WindowTile
| left : Wall
| right : Wall
| back : Wall
| front : Wall }
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Solidwalk->
i("builtin:cube:notex™)
s('1,'1,wall_inset) t(0,6wall_inset)
Wall
# Boor #
DoorTile-->
split(x){ ~0.1 : SolidWall
| ~1.5 : split(y){ ~1 : Door | scope.sx/2 : Arcs }
| ~0.1 : Solidwall }

Arcs-->
s('1, '1, wall_inset) t(0, Gwall_inset)
Doortop
i("builtin:cube™)
spit(x){ ~1 : ArcAsset
| ~1 : r(scopeCenter, 0, @0) ArcAsset}

Doortop--> color("#20222D")

Door-->
color("#20222D")
t(0, 0,-wall_inset)

ArcAsset--> i(halfarc_asset) Wall
# Walls #
Wall-->
setNormals(soft)
texture(wall_texture)
setupProjection(0, scope.xy, rand(2,3), rand(2,3), rand(2,3), rand(2,3))

projectUV(0)

set(material.boumpmap,waltexture)
s Roof + Overhang------------ #
Top-->

roofHip@5, 1.6) Roof
# ‘Thatch #
Roof-->

set(trim.vertical, true)
comp(f){all : Thatch}

Thatch-->
setupProjection(0, scope.xy, 2.1, 2.1, 2.2, 2.2)
set(material.bumpmap, roof_texture)
texture(roof_texture)
projectUVv(0)
extrude(vertex.normal, 0.05)
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Annex4:. CGA codéor dwelling veranda and beams

# Attributes- #
attr height =25
attr door_index =4
beam_texture = fileRandom("*facade_textures/Plank_v*.png")
veranda_texure = "facade_textures/Mud_Wall_1.jpg"
const beam_assetl = "facades_objects/stick01.FBX"
const beam_asset2 = "facades_obijects/stick02.fbx"
const beam_asset3 = "facaas_objects/stick03.FBX"
Hommmm e StartingRules---------------- #
Lotlnner-->
Lot
Lot-->
offset(0.6) A
# Border #
A-->

comp(f) { door_index2 : NIL
| border : extrude(world.yp, height) O }
Hommmmme e Veranda + Beams--—----------- #
O-->
split(y){ 0.2 : Veranda
| 0.8 : GenericBeam}
# Beams #
Beaml-->
i(beam_assetl)
r(scopeCenter, rand(0, 180) , 90, 0)
t(-0.1, 0.3, 0.2)
s('3.2,'0.2,'(rand(0.1, 0.4)))
setupProjection(0,scope.xz,4,4,1,1)
texture(beam_texture)
projectUV(1)

Beam2-->
i(beam_asset?2)
r(scopeCenter, rand(0, 180) , 90, 0)
t(-0.1, 0.3, 0.2)
s('3.2,'0.2,'(rand(0.1, 0.4)))
setupProjection(0,scopgz,4,4,1,1)
texture(beam_texture)
projectUVv(1)

Beam3-->
i(beam_asset3)
r(scopeCenter, rand(0, 180) , 90, 0)
t(-0.1, 0.3, 0.2)
s('3.2,'0.2,'(rand(0.1, 0.4)))
setupProjection(0,scope.xz,4,4,1,1)
texture(beam_texture)



projectUV(1)

Beam-->
40% : Beaml
40% : Beam?2
else : Beam3

GenericBeam->
primitiveCylinder(16, rand(0.05,0.07), height)
setupProjection(0,scope.xz,0.2,0.2,0.1,0.1)
texture(beam_texture)

projectUV(1)
# Yeranda- #
X-->
primitiveCube()
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setupProjection(0, scope.xy, rand(1.5,2), rand(1.5,2), rand(1.5,2), rand(1.5,2))

projectUV(0)
set(material. bumpmap,veranda_texture)
texture(veranda_texture)

Veranda->
comp(f) { bottom : X | side : X'}

Annex5: CGA code for vegetation models

# Attributes #
import Dist:"/ESRI.lib/rules/Plants/Plant_Distributor.cga”
import Plant:"/ESRI.lilmliles/Plants/Plant_Loader.cga"

grass ="facade_textures/grass.png"
Hommmm e Starting Rules #
Lot-->
Bushes
Grass
# VYegetation #
Bushes->
set(Dist.Density, 2) /I Overgrown Density
set(Dist.Mix, "Bush") /I Custom Mix of Species to Replicate Lobatse
Greenery

Dist.Generate

Grass->
texture(grass)

Annex6: CGA code for vegetable models

# Models #

attr type =rand(1,3)

constmillet = "facades_objects/corn.obj"
millet_tex = "facade_textures/corn.jpg"
B Starting Rules #

Lot-->
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Distribute
# Millet Rows #
Distribute-->

split(x){ ~18 : split(z){~1.98Millet}*}*
# Millet #
Millet -->

i(millet)

r(scopeOrigin, 90, rand(0,30), 0)

s('0.8,'1.6,'1.8)

t(rand(0.2,0.7), 0, 0)
color("#FOF873")
texture(millet_tex)

Annex7: CGA code for moden kraal model

Hrmmmmmmmmmmmnee e Attributes- #
attr height =25
beam_texture = fileRandom*facade_textures/Plank_v*.png")
Hommmmmmmm e Starting Rules #
Lotlnner-->
Lot
Lot-->

offset(0.6) A

+H*
**

Border

A-->
comp(f) {1 : NIL | border : éxide(world.up, height) Fence }

# Beams #
GenericBeam->
primitiveCylinder(16, rand(0.05,0.07kight)
r(0,rand¢5,10),0)
setupProjection(0,scope.xz,0.2,0.2,0.1,0.1)
texture(beam_texture)

projectUV(1)

Fence-->

split(x) { ~ 0.2 : GenericBeam }*



Annex 8: CGA code for cattle models

# Models #
attr cattle =rand(2,4)

const cowl
const cow?2

"fa
"fa

hidel
hide2
B Starting Rules
Lot-->

Distribute
# Scatter Cows---------------- #
Distribute-->

lloffset( -4, inside)

/Iscatter(surface, cattle, uniform) {Cows}

split(x){ ~1.2 : split(z){~1.2 : Cows3 ~NIL}*
| ~5: NIL}*
# Cows #
Cowl-->
i(cowl)
r(scopeOrigin, 0, rand(180, 360), 0)

t(rand(0.1, 1), 0, 0)
s(0.7, 1.8, 2.4)
texture(hidel)

Cow2-->
i(cow2)
r(scopeOrigin, 0, rand(30, 90), 0)
color("#FFFFFF")
texture(hide2)
projectUV(1)
t(rand(0.1, 1), 0, 0)
s(0.7,1.8, 2.4)

Cows->

60% : Cowl
else : Cow2

Annex 9: CGA code for midden models

# Attributes #

dirt = "facade_textures/Dirt.jpg"
Hrmmmmmmmmmomn s Starting Rules #
Lot-->
Midden
softenNormals(180)
# Midden #

Midden-->

cades_objects/cowl.FBX"
cades_objects/cow2.fbx"

"facade_textures/cow_hidel.png
"facade_textures/cow_hide2.jpg"
H
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roofHip(rand6,9))

setupProjection(0,scope.xz, rand(1, 1.5), rand(1, 1.5), rand(1, 1.5), rand(1, 1.5))
set(material.bumpmap,dirt)

projectUV(0)

texture(dirt)

Annex10: CGA code for grain bin models (main structure)

# Attributes #
beam_texture = fileRandom*facade_textures/Plank_v*.png")
Hmmmmmmmmmome s Starting Rules #
Lot-->
BinStructure
# Bin- #

BinStructure-->
primitiveSphere(6, 8, 2) BinShape

BinShape->
t(0,0.5,0)
comp(f) {bottom : BinBeam}

Beams->
primitiveCylinder(14,0.02, rand(4, 5))
setupProjection(0,scope.xz,0.2,0.2,0.1,0.1)
r(0,rand¢5,10),0)
texture(beam_texture)
projectUV(0)

BinBeam->
split(x) {0.15 : Bams}*

Annex 11: CGA code for grain bin models (supportive beams)

# Attributes- #
beam_texture = fileRandom(*facade_textures/Plank_v*.png")
Hrmmmmmmmmmmmn s Starting Rules #
Lotlnner-->
Lot
Lot-->
offset(0.1) A
# Border #
A-->

comp(f) { border extrude(world.up, 1) Support }
# Beams #
GenericBeam->
primitiveCylinder(16, 0.02, 1)
setupProjedn(0,scope.xz,0.2,0.2,0.1,0.1)
texture(beam_texture)
projectUV(1)
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Ring-->
primitiveCylinder(16, 0.02, 0.4)
r(90,90,90)
setupProjection(0,scope.xz,0.2,0.2,0.1,0.1)
texture(beam_texture)
projectUV(1)

Support-->
split(y) {0.9 : GenericBeah®.1 : Ring}

Annex 2: CGA code for grindng stone models

#oemmm o Attributes- #
stone = "facade_textures/rock_05_diff _1k.jpg"
const gsl = "facades_objects/manual_grindstone.obj"
Hommmmme oo Starting Rules-------------- #
Lot-->
GrindingStone
/[Pot
e -Grinding Stone-------------- #
GrindingStone->
i(gs1)

r(180, rand(0, 45), 0)

t(-0.1/0.14;0.5)

s(‘rand(1.7, 2.1),'rand(1.7, 2.1),'rand(1.712.

texture(stone)

setupProjection(0, scope.xz, rand(0.7,0.9), rand(0.7,0.9), rand(0.7,0.9), rand(0.7,0.9))
projectUV(0)

set(material. bumpmap,stone)
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Annex 13: University of Pretoria Ethics Clearance

Qe

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA " M "
YUMIBESITHI YA PRETORIA Office of the Dean: Faculty of Natural and Agricultural Sciences

17 December 2020
Attention: The Faculty of Natural and Agricultural Sciences Ethics Committee

RE: Application for ethical clearance, reference number NAS288/2020

Title: Using Story Mapping and 3D visualization for Learning About Southern African Pre-colonial
History and Urbanism in Space and Time: A Case Study for Seoke, Capital of the Bangwaketse.

This is to confirm support for the above application. | look forward to hearing about the outcomes
of this novel approach.

Regards

rﬁ ')) [_come)

Prof Paulette Bloomer
Deputy Dean: Teaching and Learning
Faculty of Natural and Agricultural Sciences

Room 2-29, Level 2, Agriculture Building Kantoor van die Dekaan: Fakulteit Natuur- en Landbouwetenskappe

University of Pretoria, Frivate Bag 220 Ofisi ya Hlogo ya Lefapha: Lefapha la Disaense tia Tlhago le Temo
Hatfield D028, South Afica

Tel +27 (0)12 420 6472

Fax +27 (0)12 420 5442

Email: paulette bloomen@up.acza
wWaw.upacza




Page |125

Annex M. University of Witwatersrand Reseah Permissions

UNIVERSITY OF THE
WITWATERSRAND, $&
JOHANNESBURG

OFFICE OF THE DEPUTY REGISTRAR

@<

31 March 2021

Brenda-Ai Maina

Student number (16003382)
MSc Geoinformatics
University of Pretoria

TO WHOM IT MAY CONCERN

“Using Story Mapping and 3D visualization for Learning About Southern African
Pre-colonial History and Urbanism in Space and Time: A Case Study for Seoke,
Capital of the Bangwaketse”

This letter serves to confirm that the above project has received permission to be
conducted on University premises, and/or involving staff and/or students of the University
as research participants. In undertaking this research, you agree to abide by all University
regulations for conducting research on campus and to respect participants’ rights to
withdraw from participation at any time.

If you are conducting research on certain student cohorts, year groups or courses within
specific Schools and within the teaching term, permission must be sought from Heads of
School or individual academics.

Ethical clearance has been obtained. Protocol number: (NAS288/2020)

Research Commencement: (06 April 2021)

v
\ e eler
'\_j> 3

Nicoleen Potgieter
University Deputy Registrar

Private Bag 3, WITS, 2050, South Africa | T +27 11 717 1204/8 | E nicoleen.potgieter@wits.ac.za | www.wits.ac.za (\
IYUNIVESITHI YASEWITWATERSRAND | YUNIVESITHI YA WITWATERSRAND
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Annex B: SeokeStory Map Usability Questionnaire

Student Consent Form for Participants
Dear Participant

We invite you to take part in this survey to find out about your experiences and opinions about an
exploratory digitaenvironment for learning about a preolonial Southern African settlement. The
information gathered through this survey will be used to learn about the use of a digital exploratory
environment as a learning and teaching tool to educate-agperts about pe-colonial African

history and urbanism.

This information page is intended to help you to decide whether you would like to participate in the
study. Before you agree to participate, please read the following to fully understand what is
involved.

Partof this study is an anonymous survey about the participants experience and opinions of the
Story Map. No identifiable personal details such as your name will be collected. Any answers given in
the survey will be kept completely confidential. As such, ggegnswer the questionnaire as honestly

as possible.

Your participation is completely voluntary. You may choose to not participate or to stop
participating at any time, and there will be no negative consequences for your choice. Consent
cannot, howeverbe withdrawn after the questionnaire has been submitted. This is because since no
personal detail will be collected, we will not be able to trace the submission.

Students enrolled in certain modules will be awarded professional activity marks for their
participation. Please ask your lecturer to learn if you are eligible for professional activity marks.

This study has been approved by the Research Ethics Committee of the Faculty of Natural and
Agricultural Sciences (tel: 0420 4356).

The resultof the survey may be published in the media and/or an academic journal. Individual
participants will not be identified in these circumstances. A summary of the findings of the survey
will be made available to you on request.

If you have questions or caments about the study or any related topics please contact Brenda
Maina atbrenda.maina@tuks.co.za

@ OftAO1Ay3I WhbSEGQT &2dz  INBS (2 GKS 6205 SN

the study.

Thank you.


mailto:brenda.maina@tuks.co.za
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Gender
Male
Female
Non-binary
Prefer not to say

Seltdescribe:

Age

Enter Text

Current Academic Year
1st year
2nd year
3rd year
4th year/Honours
Masters
PhD

| am not a student

Which university do you currently attend?
University of Botswana
University of Kwadu-Natal
University of Pretoria
University of Witwatersrand

Other

| do not attend an university
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For which course are you currently registered?
BA Archaeology
BA Geography
BA History
BSc Archaeology
BSc Environmental Science
BSc Geoinformatics
BSc Geography
BSc Meteorology

Other

| am not a student

How comfortable are you with English?
Very uncomfortable
Uncomfortable
Neutral
Comfortable

Very comfortable

How comfortable are you with using a computer?
Very uncomfortable
Uncomfortable
Neutral
Comfortable

Very comfortable



How many hours of sleep djdu get last night?

3 orless

Are you colowblind? If so, select a type.
Deuteranomaly (green looks more red)
Protanomaly (red looks more green)
Protanopia (red/green look similar)
Deuteranopia (red/green look similar)
Tritanomaly (blue/green and yellow & red look similar)
Tritanopia (blue/green, purple/red and yellow/pink look similar)

| am not colowblind

Are you currently weang contact lenses or prescription glasses?
Contact lenses
Prescription Glasses

No

Did you take any of these subjects in High Sch@bi@ose one or more)
Geography
History

Neither
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Have you completed a module covering fhdowing topics at universitythoose one or more)
Physical Geography
Urban Geography
GIS or Remote Sensing
Southern African Preolonial History
Archaeology

None of the above

What is your interest level in the topic of Southerniédn Precolonial History?
No interest
Shortterm interest (during the survey)
Casual interest
Somewhat interested

Very interested

What is your experience with Story Maps?
| have no experience
I have heard of Story Maps
| have used (i.e. read or studied) a Story Map before

| have created my own Story Map
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What is your experience with 3D models?
I have no experience
| have heard of 3D modelling
| have used 3D models

| have crated 3D models

What is your experience with Google Earth?
I have no experience
| have heard of Google Earth

| have used Google Earth

How much do you know about Southern African-padonial settlements (i.eMapungubwe, Great
BAYOolLo6sS SGOXUK

None at all

A little

A moderate amount
A lot

A great deal
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Please answer the following questions about the usability of the platform.

Strongly

disagree Disagree Neutral Agree Strongly agree

| think that | would like to
use the story map
frequently

| found the story map to be
unnecessarily complex.

| think that the story map
was easy to use.

| think that | would need
the support of a technical
person to be able to use thi
story map.

| found that the different
sections of the story map
were well integrated.

| thought there was too
much inconsistency in the
story map.

| think people would learn
how to use the story map
very quickly.

| found that the story map
was too cumbersome to
use.

| felt very confident while
using the story map.

| need to learn a lot of
things before | could get
going with the story map.

| felt that the information in
the story map felt
complete.

| felt that there were
information gaps in the
story map.

Please answer the following questions about the 3D visualization in the Story Map.
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Where was waste/refuse disposed?
L SR

Midden

Grain bin

Grinding stone

Howconfident are you?
0 10 20 30 40 50 60 70 80 90 100

% Confidence ( +
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What was used to store produce or grain?

Wall

Grain bin

Grinding stone

How confident are you?
0O 10 20 30 40 50 60 70 80 90 100

% Confidence ( +
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Identify the dwelling:that is most like what you saw in the 3D model.

Dwellingl

Dwelling2

Dwelling3

How confident are you?
0O 10 20 30 40 50 60 70 80 90 100

% Confidence ( +
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Which of the following words best describe the objects in this imdge@ose one or more)

Stone Walls

Grinding Stone
Dwelling

Pot

Cattle Kraal
Midden

Grain Bin

How confident are you?
0O 10 20 30 40 50 60 70 80 90 100

%Confidence () *
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In this image, where could a dwelling have been locatetidose one or more)

How confident are you?
0O 10 20 30 40 50 60 70 80 90 100

% Confidence ( +
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In this image, where would livestock (cattle, goats or sheep) be Keptibse one or more)

How confident are you?

0O 10 20 30 40 50 60 70 80 90 100

% Confidence ( +






