
1. Introduc  on

High quality teamwork skills are crucial to employability 
and careers in geological sciences much like other sec-
tors of society (Riebe et al. 2016; Casper 2017; Fathi et 
al. 2019). Consequently it is important for all educaƟ on-
al programmes to provide training in teamwork skills. 
Teamwork involves social and communicaƟ on skills as 
well as geological skills, and it is from the perspecƟ ve of 
social interacƟ on that we gain a deeper understanding 
of group dynamics and the teamwork process (Bandura 
2001; Hemmings et al. 2013; Dowell et al. 2020).
Social cogniƟ ve theory explains that teamwork is asso-
ciated with shared knowledge and skills as well as in-
teracƟ on, coordinaƟ on and group dynamics (Bandura 
2001). Teamwork is defi ned as the acƟ ve construcƟ on of 
knowledge and skills together as a social pracƟ se (Hem-
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Teamwork has disƟ nct pedagogic advantages and is also 
an important transferable skill and the dominant mode 
of work graduates encounter in the workplace. Howev-
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to improve teamwork skills in a course on Ores deposits, 
MSc Earth Science, Uppsala University. A focus on team-
work was established by presenƟ ng the collaboraƟ ve 
pracƟ cals as a series of linked opportuniƟ es to work to-
gether, get feedback on the teamwork process and refl ect 
on and evaluate the teamwork. During the collaboraƟ ve 
PBL sessions sociograms were used to provide feedback. 
Criteria based evaluaƟ on was also used to evaluate task 
oriented and interpersonal skills. Sociograms and criteria 
based evaluaƟ on promoted behavioural changes that im-
proved teamwork interacƟ ons. 
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mings et al. 2013). In collaboraƟ ve learning social and 
cogniƟ ve aspects are interwoven (Dowell et al. 2020). 
The cogniƟ ve aspects are driven by social strategies and 
can be described by socio-cogniƟ ve skills that include 
sharing of and negoƟ aƟ ng ideas, regulaƟ on of interac-
Ɵ ons and communicaƟ on (Dowell et al. 2020). There are 
also six dimensions of communicaƟ on integral to collab-
oraƟ ve problem solving, namely parƟ cipaƟ on, social im-
pact, responsiveness, novelty, group cohesion and the 
extent of communicaƟ on (Dowell et al. 2020).
Social cogniƟ ve theory also guides our understanding 
of behavioural change, because the cogniƟ ve, aff ecƟ ve 
and behavioural domains are integrated in social learn-
ing seƫ  ngs (Bandura 2001; Eagly and Chaiken 1993). 
Aƫ  tudes are shaped by cogniƟ ve, aff ecƟ ve and be-
havioural factors and drive behaviours (Bandura 2001; 
Kraus 1995). Social monitoring or raising awareness of 
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behaviours is a pivotal step to changing behaviours and 
requires self-refl ecƟ on and self-regulaƟ on (Bandura 
2001; Dowell et al. 2020).
The literature on learning in teams highlights several es-
senƟ al aspects of instrucƟ onal strategies for teamwork. 
Specifi c training in teamwork skills has been shown to 
benefi t student achievements and promote collabora-
Ɵ on (Riebe et al. 2016). OpƟ mal training has been found 
to include both the skills and process of teamwork 
(Casper 2017; Fathi et al. 2019). Training is not only ap-
plicable to the students but also to facilitate the teach-
er’s role in development of teamwork skills (O’Shea et 
al. 2013; Riebe et al. 2016). Teams commonly follow the 
Tuckman model as they progress through stages of for-
maƟ on and development (Riebe et al. 2016; Casper et 
al. 2017; Holen 2017). Tuckman proposed that teams 
develop through the stages of forming, storming, norm-
ing and performing (Tuckman 1965). Another crucial as-
pect of teamwork training is associated with giving and 
receiving feedback (Fathi et al. 2019). Course design is 
also imperaƟ ve to educaƟ on in teamwork skills; appro-
priate acƟ viƟ es that require collaboraƟ ve learning are 
required to be embedded in the programme along with 
the teamwork process (Riebe et al. 2016; Casper et al. 
2017; Fathi et al. 2019). Feedback and assessment go 
hand in hand, self and peer feedback is considered to be 
a central input to the assessment and grading process, 
whereas Holen (2017) consider it part of the teamwork 
process (O’Shea et al. 2013; Riebe et al. 2016; BriƩ on et 
al. 2017; Fathi et al. 2019).
I set out to invesƟ gate whether training in teamwork 
skills, eff ecƟ ve course design, reciprocal feedback and 
criteria based evaluaƟ on can be combined into a suc-
cessful strategy for teaching teamwork skills. Here, I 
present a systemaƟ c approach that encompasses these 
four aspects, and use social cogniƟ ve theory as a lens for 
explaining the social and behavioural outcomes.

1.1. CharacterisƟ cs of teamwork

Eff ecƟ ve teamwork is characterised by posiƟ ve inter-
dependence between individuals, equal responsibility 
and commitment amongst group members, co-manage-
ment, group interacƟ on and interpersonal skills (O’Shea 
et al. 2013). There is a sense of sharing knowledge, re-
sponsibility and leadership which results in shared learn-
ing (O’Shea et al. 2013). However, subopƟ mal teamwork 
oŌ en develops when elements of fi xed roles, delegaƟ on, 
compeƟ Ɵ on, social loafi ng, dominaƟ ng and diligent iso-
laƟ on occur (Pieterse and Thompson, 2010; O’Shea et 
al. 2013; Hsiung et al. 2014). AddiƟ onally, interpersonal 
problems can lead to unequal collaboraƟ on, whereas 
confl icts within eff ecƟ ve teamwork can promote growth 
and learning (O’Shea et al. 2013).

Students concerns, such as group composiƟ ons, con-
fl ict resoluƟ on and challenges of mulƟ cultural seƫ  ngs, 
mostly stem from percepƟ ons of unfair contribuƟ ons to 
the task (Riebe et al. 2016; Fathi et al. 2019). These can 
be miƟ gated by co-creaƟ on and agreement to a team 
contract. AddiƟ onally, students perceive involvement in 
peer feedback as a suitable way to contribute to assess-
ment (Riebe et al. 2016).

2. Approach and implementa  on

This case study focuses on a course in Ore and surfi -
cial deposits at Uppsala University, Sweden in Septem-
ber-October 2017. The scope of the course is 115 con-
tact hours, ten students were parƟ cipaƟ ng in the course 
and the class was divided into two teams. The course is 
setup to focus on a separate ore deposit type each week. 
In 2017 the weeks were themed to cover VMS and SE-
DEX, MVT, Porphyry, MagmaƟ c Ni-Cu-PGE and Iron ox-
ide deposits (Table 1). For each ore deposit there were 
two pracƟ cals one on concepts and processes and a sec-
ond case study. All pracƟ cals use real data and minimal 
instrucƟ ons are given to foster problem-based learning 
(PBL) and teamwork. The teams were established to 
work on the 10 PBL sessions and the team seminar pre-
sentaƟ on amounƟ ng to 33 contact hours (Table 1). The 
PBL sessions and seminar presentaƟ ons were then em-
phasised as connected opportuniƟ es to work together, 
give and receive feedback on the teamwork process and 
evaluate the teamwork.
The groups went through a ‘forming’ stage, where they 
chose team names, which led to a sense of idenƟ ty and 
belonging to the team (Tuckman, 1965). Simultaneously 
the teams played an educaƟ onal game to discover the 
global distribuƟ on of natural resources and economics 
of mining and wrote collaboraƟ on agreements (Rie-
be et al. 2016; Casper 2017). All team members were 
involved in construcƟ ng the collaboraƟ on agreement 
and everyone signed their respecƟ ve agreements. The 
collaboraƟ on agreements aimed for self-management 
and addressed communicaƟ on, plans for dealing with 
disagreements, expectaƟ ons for contribuƟ ons such as 
listening, providing their opinions, aƩ endance, punctu-
ality etc. (Bacon 2005; Maiden and Perry 2011).
A facilitator was present in all PBL sessions and was ei-
ther the course director or a teaching assistant with a 
background in geology. The facilitators had both super-
vised the PBL pracƟ cal sessions at least twice previously 
therefore they had inƟ mate knowledge of the topic and 
data as well as experience of the previous sub-opƟ mal 
teamwork.
The facilitator provided feedback on the teamwork us-
ing three diff erent techniques: sociograms, spontaneous 
feedback and appointed Ɵ mes for feedback (Holen 2017; 



A.K. Barker 45

Table 1. Schedule for Ores and surfi cial deposits course autumn 2017
Teamwork acƟ viƟ es include PBL sessions and the fi nal seminar that are marked in bold italics.

Day Date Time Course content

Monday 28-Aug 0900-1200 Intro to course & ore deposits

1300-1600 Ores in handspecimen & core logging

Wednesday 30-Aug 0900-1200 VMS+SEDEX deposits

1300-1600 VMS prac  cal 1

Friday 01-Sep 1000-1200 IntroducƟ on to ore minerals

1300-1600 VMS prac  cal 2

Monday 04-Sep 0900-1000 Iron oxide mineralogy

1000-1200 ore mineral data

1300-1500 MVT

Wednesday 06-Sep 1000-1200 MVT prac  cal 1

1300-1600 introducƟ on to ore microscopy

Thursday 07-Sep 1300-1700 ore microscopy

Friday 08-Sep 0900-1200 MVT prac  cal 2

1300-1500 Physical properƟ es of ore minerals

Monday 11-Sep 1000-1200 Hydrothermal process of ore formaƟ on

1300-1500 porphyry deposits

Wednesday 13-Sep 1000-1200 ExploraƟ on geochemistry

1300-1600 Porphyry prac  cal 1

Thursday 14-Sep 1300-1500 ore microscopy

1500-1700 ore microscopy

Friday 15-Sep 1000-1200 ExploraƟ on geophysics 

1300-1600 Porphyry prac  cal 2

Monday 18-Sep 1000-1200 MagmaƟ c processes of ore formaƟ on + sulphide thermochemistry

1300-1400 Mineral and metal resource perspecƟ ves

Tuesday 19-Sep 1000-1200 MagmaƟ c Cu-Ni-PGE deposits

Wednesday 20-Sep 0900-1200 Cu-Ni-PGE prac  cal 1

1300-1700 ore microscopy

Friday 22-Sep 1300-1600 Cu-Ni-PGE prac  cal 2

Monday 25-Sep 1100-1200 Mineral and metal resource perspecƟ ves

Tuesday 26-Sep 1000-1200 Recycling

1300-1500 The ore mining environment

Wednesday 27-Sep 1000-1200 Human impact on soil

1300-1500 Environmental impacts and remediaƟ on

Thursday 28-Sep 0800-1700 Excursion

Friday 29-Sep 1000-1200 Quaternary deposits

1300-1600 Sustainable resource management

Monday 02-Oct 1000-1200 Iron oxide formaƟ on & thermochemistry

1300-1600 Iron oxide thermometry

Tuesday 03-Oct 1000-1200 Fe-oxide deposits

1300-1600 Fe-oxide prac  cal 1

Wednesday 04-Oct 1000-1200 Mineral and metal resource perspecƟ ves 2

Thursday 05-Oct 1000-1200 Links between mesoscale and deposit scale

1300-1600 Fe-oxide prac  cal 2

Friday 06-Oct 1000-1200 REE mineralisaƟ on

1300-1700 ore microscopy

Monday 09-Oct 900-1200 Core logging

Tuesday 10-Oct 1300-1700 ore microscopy

Thursday 19-Oct 1300-1600 Ore deposits seminars
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Holen and Sortland 2017; O’Shea et al. 2013). Socio-
grams are illustraƟ ons of a specifi c aspect of team com-
municaƟ on and interacƟ on over a specifi c duraƟ on, e.g. 
fi ve minutes (Fig. 1; O’Shea et al. 2013). Sociograms are 
commonly composed of boxes labelled with parƟ cipants 
names and arrows or tally marks measuring how much 
the individuals talked, asked or answered quesƟ ons, eye 
contact between team members etc. The sociogram is 
then described to the team and an open quesƟ on is used 
to sƟ mulate the team to interpret the sociogram and 
discuss possible approaches to more balanced commu-
nicaƟ on (Holen 2017; Holen and Sortland 2017). During 
the unfolding discussion the facilitator steps into the 
background and observes the process and implemen-
taƟ on. Sociograms aim to promote behavioural change 
by providing opportuniƟ es for monitoring the social dy-
namics of the team and making the team aware of their 
interacƟ ons (Bandura 2001; Dowell et al. 2020). The dis-
cussion and interpretaƟ on encourage regulaƟ on of and 
between individuals and therefore provide a plaƞ orm 
for behavioural change (Bandura 2001). It is important 
that sociograms are presented as observaƟ ons without 
judgement, otherwise defensiveness will dominate over 
openness and prohibit monitoring (Bandura 2001; Holen 
2017; Holen and Sortland 2017).
Sociograms can be used in addiƟ on to more tradiƟ on-
al types of feedback such as spontaneous feedback or 
appointed Ɵ me for feedback (Holen 2017; Holen and 
Sortland 2017). Feedback that focuses on the team-
work process such as the social-cogniƟ ve skills and di-
mensions of collaboraƟ ve communicaƟ on are the most 
eff ecƟ ve at promoƟ ng refl ecƟ on, regulaƟ on and moni-
toring that lead to behavioural change (Bandura 2001; 
Dowell et al. 2020). The objecƟ ve of feedback is for the 
team to refl ect and discuss the feedback and potenƟ al 
implementaƟ on of agreed strategies.
A refl ecƟ on grid, based on ten criteria, was developed 
to help the students to evaluate and refl ect upon their 

teamwork skills and to idenƟ fy acƟ ons to improve in 
future sessions (Table 2; ValenƟ ne et al. 2015; Strivens 
and Ward 2013; BriƩ on et al. 2017). The refl ecƟ on grid 
is divided into two aspects; fi rstly task oriented skills 
such as organisaƟ on, Ɵ me management and monitor-
ing progress. Secondly the team is encouraged to think 
about interpersonal skills like communicaƟ on and acƟ ve 
contribuƟ on. The two parts draw on the socio-cogni-
Ɵ ve and communicaƟ on aspects of teamwork and the 
quesƟ ons are aligned with key evaluaƟ on criteria (Striv-
ens and Ward 2013; ValenƟ ne et al. 2015; BriƩ on et al. 
2017; Dowell et al. 2020). The form is summarised by 
two open quesƟ ons asking the student to evaluate posi-
Ɵ ve achievements and potenƟ al for development in the 
next teamwork session. The use of such criteria based 
evaluaƟ on aids refl ecƟ on, which provides opportuniƟ es 
for behavioural change (Bandura 2001).
During the PBL sessions at least one type of feedback 
was given to each team every session. Each team re-
ceived all three types of feedback over the course of a 
week, typically associated with two PBL sessions. The 
refl ecƟ on grid was used on a weekly basis and at the 
end of the course to encourage the teams to evaluate 
the development of their teamwork skills throughout 
the enƟ re course.

3. Outcomes of the teamwork strategy

An example sociogram represents a team of four stu-
dents, whose names have been changed to protect their 
idenƟ Ɵ es: Rachel, MaƩ hew, Laura and Adam (Fig. 1). 
The facilitator observed their team interacƟ ons over 5 
minutes and scribed tally marks for each Ɵ me the in-
dividuals talked. The sociogram was presented to the 
students and the facilitator described the record of the 
observaƟ ons. The team then discussed the sociogram 
in a friendly atmosphere and oŌ en idenƟ fi ed with their 
contribuƟ on and how it compared to others. Following 
that they naturally expressed soluƟ ons such as ‘I will 
speak up more’ or ‘I shall listen more’ or ‘We can pose 
more quesƟ ons to include Adam’. Then they returned 
to the PBL session with immediate and tangible eff ects; 
the communicaƟ on became balanced and Adam con-
tributed more. The use of sociograms represents social 
monitoring as well as self- and co-regulaƟ on in acƟ on 
(Bandura 2001). The students idenƟ fi caƟ on with the 
observaƟ ons shows the refl ecƟ on and awareness that 
sociograms produce (Bandura 2001). The responses to 
the sociograms record the insights the students were 
coming to and the changes in communicaƟ on aŌ er so-
ciogram feedback indicate that they are eff ecƟ ve tools 
for behavioural change allowing parƟ cipants to test and 
adapt new behaviours in real Ɵ me (Bandura 2001; Dow-
ell et al. 2020).Figure 1. Example sociogram.
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The impact of sociograms on the teamwork was evi-
dent even while the facilitator was a novice and easily 
became entangled in sharing the interpretaƟ ons. It ap-
peared challenging for the facilitator to simply present 
the observaƟ ons and watch the process unfold. With 
more experience the facilitators mastered the process 
of describing observaƟ ons and handing over to the 
teams. It was a steep learning curve for the facilitator to 
sƟ mulate refl ecƟ on without geƫ  ng involved and with-
draw to allow team development.
Feedback helps the teams to evaluate the balance in 
communicaƟ on and social impact as well as regulaƟ ng 
those bahaviours (Dowell et al. 2020). Therefore, the 
feedback encouraged informal refl ecƟ on, which kept 
the atmosphere open and dynamic. Over Ɵ me, as the 
team became familiar with discussing feedback, they 
built trust and became even more open to feedback, 
connecƟ ng with the group cohesion aspects of team 
communicaƟ on (Dowell et al. 2020). Regular and cumu-
laƟ ve changes in behaviour, teamwork and socio-cogni-
Ɵ ve skills were observed (Bandura 2001; Dowell et al. 
2020). ParƟ cipaƟ on and even aƩ endance increased, 
due to the accountability recognised in the collabora-
Ɵ on agreement and the increase in team spirit. This re-
fl ects the growth of group cohesion, parƟ cipaƟ on, social 
impact and responsivity during the teamwork process 
as predicted by social cogniƟ ve theory (Bandura 2001; 
Dowell et al. 2020). The students developed a refl ec-
Ɵ ve mind set to evaluate their own contribuƟ ons and 
the joint interplay of the team interacƟ ons, consistent 
with the fi ndings of Strivens and Ward (2013). AddiƟ on-
ally, the emphasis on teamwork and development of 
associated skills was noted as a strength in the course 
evaluaƟ on, refl ecƟ ng the observaƟ ons of Casper (2017). 
The feedback and criteria based evaluaƟ on encouraged 
many of the aƩ ributes of monitoring, regulaƟ on and re-
fl ecƟ on required to produce behavioural change (Ban-
dura, 2001). They are also eff ecƟ ve at emphasising the 
socio-cogniƟ ve and communicaƟ on skills that are fun-
damental to learning in a collaboraƟ ve seƫ  ng (Dowell 
et al. 2020).

4. Conclusions

Following recommendaƟ ons from the educaƟ on re-
search literature on teamwork, a teamwork compo-
nent was integrated into a course on ore deposits. The 
teamwork component combined curriculum design 
with collaboraƟ ve PBL at the core, training in teamwork 
skills, real-Ɵ me feedback and criteria based evalua-
Ɵ on. Real-Ɵ me feedback and criteria based evaluaƟ on 
were found to be the most essenƟ al elements, because 
they target the social interacƟ ons of teamwork to raise 
awareness of interacƟ on paƩ erns and encourage self-re-
fl ecƟ on leading to behavioural change. In addiƟ on re-
al-Ɵ me feedback provided opportuniƟ es to directly try 
out diff erent behaviours.
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