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ABSTRACT: Digital badges are emerging as an approach to
offer microaccreditation for student achievements obtained in
ongoing course work. They act to offer a formal recognition
and framework for multiple small components which together
make a significant contribution to student learning. Badges are
promoted as a way of highlighting these particular
components. The process of awarding a badge relies on
evidence, typically in digital form, such as video. In this article,
we report on the implementation of digital badges in high
school chemistry for the teaching and accrediting of
achievement in laboratory skills. Pupils watched videos prior
to the classroom to assist them in preparation for a
demonstration activity. In the classroom, students demonstrated the laboratory technique to a peer while the peer videoed
the demonstration on a mobile phone. This video was then used to review the demonstration by both peers and teacher, and
once the technique was considered satisfactorily demonstrated, a badge was awarded. As well as development of laboratory
technique, the badging process facilitated the formal incorporation of oracy into the classroom. Demonstration required
narration, and review required discussion between peers as well as discussions arising out of the demonstration with the teachers.
We report here how the activities were organized, along with perceptions from students and teachers regarding the value of this
approach in the classroom.
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■ INTRODUCTION

Practical work in schools has a long history and is the subject of
extensive debate. In the United Kingdom, research into
practical work in schools has found that pupils entering
university often do not have confidence in completing practical
work,1 a fact attributed to reduced emphasis and exposure to
practical work.2 Employers surveyed by the Gatsby Foundation
reported that, among a variety of skills, some core generic skills
were important, including “analyzing and interpreting data to
provide good evidence, and recording measurements with
accuracy and precision”.1,3

Digital badges are an emerging educational technology which
aim to recognize learning, often in informal environments,
across school, university, and professional education.4 While the
concept of badging is well-understood from its use in the
Guiding and Scouting movements, their incorporation in
education is nascent, with scholarly work regarding their use
in STEM education being relatively recent.4,5 As well as
recognizing competencies regarding specific achievements,
digital badges have been proposed as a means to develop an
ecosystem upon which a range of related concepts can be built.6

The use of badges has recently been reported in secondary
STEM5 and university chemistry7 education. Recently, the

engineering company Siemens introduced their own badges
framework to encourage the take-up of STEM studies among
school pupils.8

Digital badges are built on the concept of display of evidence
of a particular competency or skill that the badge is
acknowledging. Given the digital nature of the badge, the
corresponding evidence is also often in digital form.9 Video
evidence has been used as a means of documenting evidence
for laboratory skills in chemistry.7 Video evidence is of interest
as it incorporates an additional aspect into learning about
practical techniques: oracy. The process of producing a video
means that pupils will need to speak about the technique they
are describing, and to use scientific terminology in context. The
concept of oracy emerged in the 1960s amid concerns that the
spoken language was being neglected in education.10 One of
the reasons proposed for its neglect is a practical one; a typical
classroom setting may impose difficulties in managing and
teaching oracy. More recently efforts have been made to
incorporate discussion and dialogue into education, although its
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focus has been biased toward initial years in school.11 Despite
its challenges, laboratory education does provide a platform for
engaging pupils in speaking and listening activities, especially
regarding language of scientific discourse.11 This, coupled with
the use of video, means that discussions can take place, as well
as reviews of spoken work. The approach has the potential to
be a very powerful one indeed.11

The purpose of this report is to describe the integration of a
digital badging activity in a school laboratory setting. Previous
work on the use of digital badges in higher education involved
the demonstration of a particular skill by teaching assistants7a,b

or by using exemplar technique videos.7c The advantage of
using exemplar videos as prelaboratory work is that pupils can
watch how the technique was completed in their own time, and
the method offers them as much time as they need to study the
technique in advance of the laboratory. Prelaboratory videos
have been proposed as a means of reducing cognitive load in
laboratories, by presenting some of the information in advance
of class time.12

Part of the syllabus for the Oxford, Cambridge, and Royal
Society of Arts (OCR) examination board, one of the
examination organizations in operation in England and Wales
responsible for assessment of high school subjects at a national
level, details practical work outcomes (called specifications) for
the school leaving qualification undertaken by pupils above
aged 16, called the A level.13 Included in this are the following
details regarding practical skills associated with the acid−base
titration:

• Measurement of a volume of a liquid
• Use of volumetric flask, including accurate technique for

making up a standard solution
• Titration, using buret and pipet
• Use of acid−base indicators in titrations of weak/strong

acids with weak/strong bases

This specification information was used as the basis for the
activities in this report. The skills involved included weighing,
pipetting, making up solutions in a volumetric flask, and using a
buret to titrate their solution. The activities were designed so
that they formed a sequence of lessons, each of which provided
the opportunity to focus on one technique, but also to revisit a
technique previously developed. The three activities are

1. To prepare a standard solution of sodium carbonate in a
250 cm3 volumetric flask

2. To prepare a diluted solution of vinegar using a
volumetric pipet and volumetric flask

3. To perform a titration of sodium carbonate with sulfuric
acid. This activity acted as a “capstone” by including the
requirement for preparation of a standard solution, and
using a volumetric pipet

Most pupils completing their A levels will have prior
knowledge of these methods and calculations for their
intermediate school work in preparing for a midschool
examination (the General Certificate of Secondary Education).
Typically they will have used a pipet and buret 2−3 times by
the time they begin A level work. In the earlier stages, the focus
is on the overall approach rather than the specific details of the
techniques. They will have little concept of what “analysis” is
and the impact of accuracy and precision.

■ METHOD
The activities were run with 2 classes: The first class had 19
pupils, and the second class had 20 pupils. Both classes were

“Year 12”; the first year of the final two years at school in which
pupils study for their A levels.
Each student had to prepare in advance by watching a video

showing exemplary technique and answering a series of
questions related to the video and the procedure it
demonstrated. The pupils also had copies of the actual method
they would be following and the follow up questions. On the
day of the lab pupils were asked to pair up and take turns in
completing the techniques and filming each other with their
mobile phone. To save time, the pupils were directed to
particular aspects of the procedure to be filmed rather than
simply filming the whole process (Supporting Information).
Once the procedure was completed pupils were asked to watch
their video and comment. They were also asked to view and
comment on their partner’s video. To conclude the activity
pupils had calculations and questions regarding the procedure
and techniques and then were asked to reflect upon the whole
experience and fill in a simple questionnaire (activity feedback
sheet) about how they felt this approach had impacted their
learning.
Badges were created in a Credly account14 using the school

e-mail address of a teacher involved so that the badge and
criteria associated with that badge could be accessed by pupils
from their school e-mail address. This meant that the school
would thus have access to the information as evidence in the
case of any future query. Pupils did not share their videos but
had them on their own phone to review with their lab partner.
Pupils were instructed to use the phone of the experimenter to
film them, so that the video remained in the possession of the
individual student.
The surveys were given to the pupils as part of a task booklet,

and successful completion of the task included completing the
survey. It was mandatory, and some incomplete pieces of work
were returned to ensure completion. The surveys used a 5-
point Likert scale, and are an attempt to glean some
information on how the activity was perceived. These
responses, along with observation data, are used to illustrate
how the activity worked in practice. Ethical approval was
obtained from school leadership regarding the use of surveys in
line with the expected practice.
Three procedures were used, giving pupils the opportunity to

gain three badges: a standard solution badge, a volumetric pipet
badge, and a titration badge (Figure 1).

■ RESULTS

Activity 1: Preparing a Standard Solution

Pupils were provided with a link to an exemplar video15 and
instructed to complete a prelaboratory quiz in preparation for
this activity. In class, they were asked to prepare a standard
solution of sodium carbonate. In order to emphasize the need

Figure 1. Pictures of badges awarded to pupils on successful
demonstration of competency in a named technique (preparing a
standard solution, volumetric pipetting, and titrations).
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to understand why each step in the process is required, pupils
were asked to describe what they were doing at each stage
during filming:

• Enhancing the process of solution by stirring the solution
with a clean glass rod

• Ensuring that all the solid has dissolved in water in the
beaker before they pour the solution into the volumetric
flask

• Ensuring all the solute is transferred through washing
equipment

• Raising the funnel while adding solvent
• Adding water using a dropper pipet so that the bottom of

the meniscus is exactly level with the mark on the flask
when viewed against a white background

The pupils had been asked about these points in the
prelaboratory questions as well as why the flask containing the
solution must be inverted several times and what the
consequences to the concentration of the final solution would
be if these steps had not been included. After recording, pupils
would review the recorded video and make comments, as well
as hear their peer’s feedback, on the review sheet provided
(Supporting Information).
In the classroom, pupils began the process hesitantly and

needed some encouragement. Two pupils hadn’t watched the
video and were directed to watch it before being allowed to
begin. Some mistakes that were observed included producing
solutions that were cloudy and overfilling the volumetric flask
above the line. These were used to prompt discussion in class:
pupils were asked why the solution could not be cloudy, and
there was a lot of focus on using a transfer pipet and reading the
meniscus correctly. The latter point was a noted outcome of the
class.
Pupils were asked about the process both using the survey

and open text comments. Responses to the survey (Table 1)
indicated that there was general agreement that the video help
pupils prepare for the technique and that they had a better
understanding of the technique. Open responses from pupils
indicate the following: (a) The video helped to build
confidence as they were able to watch the video and revise
again before lesson. (b) They understood specific aspects of the
technique (the process of ensuring all solid had completely
dissolved before transferring to the volumetric flask was
highlighted by one student). (c) There was a general feeling

that the approach was one that benefited their practical skills.
Pupils also indicated that presenting was difficult and that they
felt it took practice to make their demonstration “more useful”.
Activity 2: Volumetric Pipetting

Pupils were again provided with a link to an exemplar video for
this technique,16 and asked to complete prelab questions. This
task required pupils to carry out an accurate dilution of a
vinegar solution as if they were going to prepare it for titration.
A titration was not carried out in this activity as the focus is on
volumetric pipet skills, but the process was intended to prepare
students for the sulfuric acid/sodium carbonate titration in the
next activity. The pupils had to accurately dilute the vinegar
using a 25 cm3 pipet and a 250 cm3 volumetric flask as if to
prepare for a titration with sodium hydroxide. Vinegar is chosen
as it aligns with outcomes in the OCR specifications regarding
weak acids, but the focus was on the skill of using a pipet safely
and accurately. The task also enabled the pupils to use a
volumetric flask again, and this built on activity 1. Other points
pupils were asked to include in their discussion during filming
included the following:

• How to attach the pump, draw solution, remove the
pump, and drain down to the mark

• Transferring and the importance of patience when
draining the pipet

• Touching the tip to the surface and the residual drop

In the classroom, emphasis was placed on understanding why
and how the pipet is used. Pupils would have had a little
experience from earlier school work, so this session focused
more on emphasizing and explaining the rationale for correct
technique. Some errors that were observed and discussed were
the submerging of the pipet into solution, and not holding
pipets vertically. In this second activity a competitive
atmosphere developed between individuals working together
to see who was better or who could find more to correct about
each other’s technique. The environment was an active learning
experience with full student participation: all pupils were
required to be active and have their activity recorded.
Student comments on this activity again pointed to the sense

of being able to prepare for the classwork, but also in this case
they identified points that they were unsure of, which they were
able to follow up on in class. One student commented that the
approach helped to prompt thought about the procedure itself
rather than just getting the right answer. The emerging

Table 1. Comparison of Students’ Feedback on the Three Activities

Student Ratingsa for the Statements by Activity, %b (N = 39)

Strongly Agree Agree
Neither Agree nor

Disagree

Survey Statements for Response SSc VPd Te SSc VPd Te SSc VPd Te

I watched the video before the lesson. 50 80 70 50 20 20 0 0 0
The quiz made me think more about the technique. 47 50 40 50 50 50 3 0 0
I felt more prepared before beginning the task than when there are no prelab tasks. 50 40 40 37 57 57 10 10 0
I tried to explain and justify the steps as I did them. 50 50 50 40 50 40 10 0 0
Watching my video helped me review my technique. 10 10 10 80 80 77 10 10 3
I feel I have a better understanding of this technique because of the badging process. 12 20 20 80 70 70 8 10 0
I found this a useful way to develop my lab skill. 17 17 17 80 80 70 3 3 3
I found this a useful way to develop my understanding of this technique. 53 60 60 37 30 27 10 10 3

aThe statement “I felt more prepared before beginning the task than when there are no pre-lab tasks” garnered a “Disagree” response of 3% for each
of the activities (SS, VP, T). All other responses for “Disagree” and “Strongly Disagree” are 0%. bResponses for each statement do not all total 100%
because three students did not complete this form. cSS indicates the standard solutions activity. dVP indicates the volumetric pipetting activity. eT
indicates the titrations activity.
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concepts of analytical chemistry were also evident, with pupils
being able to explain the use of pipets instead of cylinders for
transferring liquids. However, the prelab video demonstrated
two different pipet filler types, and this did lead to some
confusion, as they did not know which one they would use in
class.

Activity 3: Titrations

Pupils were provided with a link to an exemplar video for this
technique17 and asked to complete prelaboratory questions.
This task requires pupils to carry out an acid−base titration
using a standard solution of sodium carbonate to find the
concentration of a sulfuric acid solution, using methyl orange
indicator. The pupils were asked to first make their standard
solution and then begin filming specific sections (to save time)
of the titration procedure as indicated on their instruction
sheet. The pupils were given the opportunity to demonstrate
their ability to use a pipet before discussing why only a few
drops of indicator are added and why a white tile is set below
the conical flask.
In the classroom, there was some initial discussion about

indicators. Pupils have little experience at this stage of
indicators, so this was used to introduce that as a learning
point. Many pupils thought that because the sulfuric acid was in
a volumetric flask it must be a standard solution rather than the
sodium carbonate which suggests that the nature of a standard
solution and the purpose of a volumetric flask needed to be
reinforced. Setting up and using a buret was a challenge with
complaints of there being too many things to remember and
most aimed to begin from the initial value zero (the video
recommends starting at a point below the zero line to avoid
introducing error). Reading the buret to 2 decimal places of
which the second place is a 0 or 5 was well rehearsed. Pupils
struggled with identifying the end point and using the wash
bottle to help rinse the tip of the buret. However, in this case
their ability to discuss what they should be doing and why was
often superior to their technical skills. An understanding of the
procedure had clearly been developed before embarking on the
practical experience. Having watched the exemplar video fewer
pupils required scaffolding to complete the calculation.
Student comments on this activity mirrored previous ones. In

this case the time constraints usually imposed on titration work
prompted one student to comment that preparation in advance
made more time available for practical work.

Issuing of Badges

For each of the activities, the protocol of determining
competency and issuing of badges was the same. As the
practical work was being conducted and filmed by students, the
teacher circulated with the observation criteria and made a note
as to whether or not a student was successful. This follows the
normal practice for practical assessment in school. However,
the students also (for the first time) had the opportunity to
review their own practice and that of their partner. Once
students were satisfied with their technique after reviewing the
video, they could show it to the teacher (or demonstrate live to
the teacher) who kept a record of work submitted and
performance in lab and until all aspects were complete. Each
badge had specific criteria (Supporting Information) that
needed to be met before being issued. As the activities were
iterative, students could use second and third laboratory
sessions to retry aspects on preparation of standard solution
and volumetric titration if they did not achieve them first time
around. In our trial, we used the final activity (sodium

carbonate/sulfuric acid titration) to judge four students for the
pipet skill. This meant that all students had the opportunity to
rehearse and achieve the technical aspects required, and all
students received badges.

■ DISCUSSION
These activities are designed around a framework of providing
videos in advance for pupils to study an exemplar approach to
experimental techniques, in-class work focusing on demon-
stration and explanation of technique while being videoed, and
peer and teacher review of videos to discuss issues arising out of
the demonstration. The intention was that pupils could prepare
for an activity in advance, leaving time during the lesson to
tease out understanding.18 Therefore, this framework aims to
maximize time for discussion and dialogue, in order to develop
pupils’ oracy. The process of watching an exemplar video
followed by prelab questions proved to be an important tool in
developing understanding. The two teachers involved reported
that pupils acted in a more assured and purposeful manner.
Shifting the focus away from completing the experiment as
simply the means of generating a result, and toward identifying
particular techniques within the procedure, enabled pupils to
think about what they were doing and how, rather than race
through to get the final result. However, pupils lacked the
confidence and the vocabulary to clearly describe what they
were doing and why they were doing it. The need to develop
oracy skills to both improve communication and link ideas and
to promote metacognition was very apparent. However, the
questions from pupils that followed the lab were generally
answered to a much higher standard than they have been
previously without the additional preparation. This highlights
the different layers of understanding that can be obtained by
this process in the same lesson time frame as conducting the
titration in a conventional manner.
The tasks had been carefully chosen so that skills were

revisited and practiced. While instructors watched the pupils
work and listened to their commentaries, progress in this regard
was evident. A number of pupils commented on how much
more confident and knowledgeable they felt about carrying out
a titration than they had previously, and that they had gained an
understanding of why the technique is used.
All three tasks were completed within a week, which in

hindsight was counterproductive. The task demand was too
great leaving the pupils feeling overwhelmed with work to
complete, and as a result, the latter tasks lacked the deeper
thought and reflection that the badging process was designed to
foster.
The pupils were enthusiastic about gaining digital badges but

had no previous knowledge nor experience of them. They
reported that the concept of a digital badge as a means of
demonstrating skills or experience could be very useful but
were unsure of how or when they might be used. However, it
was observed that the prospect of being awarded a digital badge
incentivized them to do well and to give a good demonstration,
creating an element of competition in the class.
The teachers involved reported that this process provides a

useful way of developing technical skills in a time efficient
manner, and exemplar videos offer a powerful tool for
developing thinking and understanding of the concepts behind
a practical. This elevates the importance of practical work for
the pupils. Furthermore, the videos themselves can be
employed as revision tools to aid exam study, as pupils may
be asked about techniques in their A level exam.
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Three months after these activities, students were asked to
complete iodometry practical work, and teachers involved
reported that students had much mroe confidence with setting
up and using the equipment than observed in previous classes.
The students used pipets to dilute the bleach solution without
hesitation and were confident in using the buret. Our future
work intends to explore this effect of retention of practical
procedure protocols as a result of our exemplar (peer-
assessment protocol) digital badge framework.

■ CONCLUSION
Digital badges are awarded on the basis of demonstrated
competency in a particular skill, and this report describes the
framework used in a high school setting for issuing digital
badges in three laboratory skills: preparing a standard solution,
volumetric pipetting, and performing titrations. The framework
involved requiring pupils to prepare for the technique by
providing exemplar videos of the technique in advance. In class,
pupils were asked to demonstrate proficiency in the techniques
while being recorded on a video. Once competency was
demonstrated, students were awarded a digital badge for that
technique. As part of their demonstration, they had to narrate
their approach, and this, along with subsequent discussions that
emerged in reviewing videos with peer and teachers, meant that
there was a much greater extent of conversation about the
techniques than there would have been as compared to the
traditional approach of just asking pupils to complete a
laboratory activity. We believe this approach has potential for
those looking to incorporate practical activities and/or increase
the level of dialogue with their pupils, with a consequent impact
on developing oracy skills.
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