
 
 

 

Hydroponics as a medium for teaching 
STEM to middle school youth 

AT A GLANCE 
We took hydroponics to Weiser Middle School. 
Students learned to build small hydroponics systems 
while developing math, engineering and horticulture 
skills. 

The Situation 
University of Idaho Extension in Washington County 
partnered with Weiser School District to provide after-
school enrichment as part of the Better Educated Stu-
dents of Tomorrow (BEST) afterschool program at 
Weiser Middle School. The time slot for the enrich-
ment program was limited to between 35 and 40 
minutes. This led to time constraints that made it diffi-
cult to provide meaningful STEM activities that held 
the attention and challenged this age group. Many of 
the youth seemed uncomfortable with STEM topics 
and struggled noticeably with mathematics. 

Our Response 
To better engage the students and help them grow 
more accustomed to the use of applied STEM princi-
ples, we designed a STEM series on hydroponic horti-
culture, which is the production of plants without soil. 
We researched some simple classroom designs, 
adapted a system design for locally available parts and 
purchased the materials for two units costing less than 
$100 apiece (Table 1). We developed seven curriculum 
modules to fit the 35 to 40-minute time blocks, includ-
ing: What is hydroponics? — Growing plants without 
soil; pumps, pump output and measuring water flow; 
pipe cutter handling and tool safety; framing and 

cutting to size, Part 1; Framing and cutting to size, Part 
2; Drill and tap, drilling for nozzle assembly; system 
assembly and plant installation. Students built the two 
simple, table-top hydroponic systems over the course 
of the semester in seven afterschool enrichment ses-
sions. Students were introduced to a new topic, design 
methods or assembly technique each session. Students 
were taught basic plant needs and the science of grow-
ing plants without soil via hydroponics. Students 
learned to determine and measure basin, pipe, and 
tool sizes and computed pump outputs to apply mathe-
matics to their project. Elementary engineering princi-
ples were also introduced via pump selection and hy-
draulic movement. Throughout the process students 
were able to learn to safely use several basic tools, in-
cluding power tools. Students began the semester-long 

Weiser Middle School youth assemble one of two table‐top hy‐
droponic systems. 
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project by starting their own basil from seed to have 
transplants by the end of the project. Using a basic 
template, they then designed the systems; cut, fit and 
retrofitted parts; and assembled them before finally in-
stalling their basil. Nineteen students participated. We 
conducted pre- and post-program assessments using 
simple questions about plant needs and requirements 
to gage changes in student knowledge. 

Table 1. Estimated costs for materials for one table-top 
hydroponic system. *Materials not source through  
local hardware. 

Item  Count  Unit  Price 

Pump  1    39.98 

Heavy duty tote  1  27 gal  14.99 

Silicon tubing  1 ft @ .79  5/8” ID  .79 

Clamps  2 @ 1.79  3/4”  3.58 

PVC  1 ct. @ 3.59  10 ft 3/4”  3.59 

PVC elbows  10 ct.  3/4”  3.99 

PVC tee  2 ct. @ .79  3/4”  1.58 

Adapter PVC tee  1 ct. @ .99  3/4”  .99 

Barbed tubing fitting  1 ct. @ 1.49  5/8” to 3/4”  1.49 

Misters  20 ct. @ 4.99  360°  4.99 

Misters  20 ct. @ 4.99  180°  4.99 

Net pots*  50 ct.  2”  6.95 

Neoprene collars*  50 ct.  2”  11.99 

Total      $99.90 

 

Program Outcomes 
Teaching hydroponics as a curriculum series for after-
school enrichment proved an excellent tool for provid-
ing quality STEM education to middle school students 

in short sessions. The seven modules provided a step-
by-step enrichment approach so that students could 
build on acquired knowledge. When the project began, 
not one student had heard of hydroponics. By the end 
of the project, 90% of the students could define it with-
out prompting. It also helped students apply STEM 
principles in real-time. Sixty-three percent of students 
in the program felt more comfortable applying mathe-
matics to solve applied problems following completion 
of the program. Ninety-five percent of the students felt 
more comfortable using simple tools for building the 
table-top systems and recognized the importance of 
applied mathematics to take measurements and select 
tools, equipment and system parts. 

Student knowledge of plant science was also improved 
through the program. Knowledge of basic plant re-
quirements (sunlight, water and nutrients) nearly 
quadrupled, with a 380% increase, over the duration 
of the program (Figure 1). 

 

Figure 1. Percentage of youth correctly responding to questions 
about basic plant needs pre‐ and post‐program. 
 

Hydroponics curriculum is an ideal vehicle for modu-
lar STEM programming with middle school youth. By 
incorporating biological and mathematical principles 
with technology, it not only appeals to sixth through 
eighth grade youth but also provides long-term en-
gagement for short-session programs like BEST. 

Extending the program for successive modules ad-
dressing hydroponic crop production, harvest and crop 
end use could provide greater STEM training opportu-
nities and additional life skills in agriculture, nutrition 
and food preparation. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


